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Abstract
Objectives/methods: This research proposes a Perturb and Observe 
(P&O) algorithm to extract maximum power point for photovoltaic 
(PV) system which then used as a direct current (DC) source for an 
asymmetrical cascaded half-bridge (ACHB) multilevel inverter (MLI). 
The whole system is modelled in MATLAB/SIMULINK. An approach 
is used to give input DC sources to asymmetrical cascaded half-
bridge MVI with two PV systems. For PV system, a P&O maximum 
power point tracking (MPPT) algorithm is used to control the duty 
cycle of DC to DC boost converter for maintaining the constant 
output voltage. The switching pattern of MLI done by using pulse 
width modulation (PWM) technique. Findings: The proposed 
switching sample based on Multi Carrier (MC) PWM which reduces 
the voltage of components, decrease size, cost and also switching 
losses. ACHB MLI is attractive for its features as it gives higher level of 
output voltage by using fewer number of switching devices. Finally, 
two PV systems of different output voltages are integrated with 
asymmetrical cascaded half-bridge MVI. The results of the proposed 
model are verified in MATLAB/SIMULINK. Novelty: Dual P&O 
MPPT algorithms based PV system is used as input DC source for 
asymmetric cascaded half-bridge MLI which provides higher level 
output voltage as compared to conventional two-level inverter.

Keywords: P&O, MPP, Photovoltaic, Asymmetric Cascaded Half-
Bridge Multilevel Inverter.

1. Introduction
Solar Energy; nowadays have improved and grown tremendously as compared to other 
renewable sources due to its abundance, freely available and sustainable almost throughout 
the year [1]. The solar panel has PV (array) which performs the process of conversion 
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of light energy into electrical energy [2]. The most efficient PV cell has an efficiency of 
30%, which seems to be not satisfactory as output is one-third as compared to the input 
which is one-seventh [1]. So, it should be needed that PV cell work on Maximum Power 
Point (MPP) to achieve high effectiveness. The solar cells depend on the irradiance of 
light which is nonlinear, so power changes nonlinearly by means of current and voltage 
[3]. Perturb and Observe (P&O) algorithm is executed for the quest of MPP [4–6]. It was 
demonstrated that the purpose of maximum power is constantly situated at the normal 
position, is promptly followed, and kept up by moment increments and diminishes in 
voltage [5]. When contrasted with other sustainable power sources, the PV vitality is DC 
control basis and the lot in partnership with the inverter to change over the vitality to AC 
[6]. 

The expansive part of PV systems requires inverters as interfacing units. The inverter 
has different applications at modern dimension and additionally residential dimension, 
and are considered as an innovative technology in the field of power electronics, for 
example, power drives, uninterruptable power supply (UPS), Flexible AC transmission 
(FACTS) framework, and so on [7]. There are three crucial parts that choose the adequacy 
panel capability, converter efficiency, and capability of MPPT estimation [1]. Until now, 
numerous MPPT techniques have been proposed. The MPPT methods like constant 
voltage [8], sliding mode control, and fuzzy logic control, P&O [9–12]. Direct control, 
incremental resistance, ripple correlation control, incremental conductance artificial 
neural network, artificial bee colony, practical swarm optimization, etc. are described 
in the literature [13–18]. Each algorithm differs from the other in terms of complexity 
tracking speed, accuracy control variables, and economical operation [15]. To improve the 
yield effectiveness of PV framework, a P & O technique is proposed to locate the greatest 
power purpose of PV framework because of its simplicity and of less cost.

Conventionally, half-bridge inverters are utilized to give mean output voltage with respect 
to input DC source but the efficiency of such type inverters is not satisfactory, which is due 
to considering their distorted output waveform [19]. For getting the increased number of 
output level with reference to input DC sources, multilevel inverters (MLI) are employed. 
The broad types of MLIs are, diode-clamped (neutral-clamped), capacitor-clamped (flying 
capacitors), and cascaded H-bridge inverter [20]. The most eye-catching topology in 
MLI is Cascaded Half-Bridge (CHB) topology. Because of its simple construction-wise 
and output can be governed with multiple methods. The general topology of CHB-MLI 
(Cascaded Half-Bridge Multilevel Inverter) is given in Figure 1(a–b). In which two-level 
series-connected H-Bridge Inverter each has its own DC source. The main downside 
Cascaded Half-Bridge topology is number DC voltage sources required are more which 
deliberately increases cost due to the increasing number of sources. Therefore, MLIs are 
generally categorized on the choice DC sources values used as they provide improved 
harmonic spectrum for AC (alternating current) [21–22]. The two main configurations 
regarding input DC sources are symmetrical MLI and Asymmetrical MLI. In symmetric 
MLI, all input DC sources are of the same amplitude. Therefore, the output is summing up 
all DC input voltages means a number of levels are the same as total DC sources. This is 
obviously not a successful methodology for getting the desired output voltage level.
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2. Photovoltaic Process
A model of a single photovoltaic (PV) cell is shown in Figure 2; solar power can be 
approximated as current sources with dependable voltage sources.

The output of photovoltaic current Ipv can be found by using Kirchhoff ’s current law as 
under

 Ipv = Iph − ID − Ish  (1)

where ID = Current across diode, Ish = Shunt resistor current, and Iph = Photo-generated 
current. The characteristics of a diode is given current as following equations

(a)

(b)

FIGURE 1. (a) Illustration of full-bridge MLI. (b) Illustration of half-bridge MLI.
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FIGURE 2. Single solar cell.
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where 
OI  = Dark saturation current (A), q = Electron charge (1.602 × 10−19C, T = Junction 

temperature (K), ), K = Boltzmann’s constant (1.381 × 10−23 j/K), and n = Diode ideality 
factor (close to 1.0)

The current Ish can be obtained as follows
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Photo generated current Iph depends on ambient temperature T and irradiance of light 
G can be given as 
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where Iph: Photo-generated cell current (A) Ishr = Reference PV cell short circuit current 
(A), Ipv: PV generated current (A), T: PV Cell temperature in Kelvin (K), Vpv: PVr cell 
output voltage (V), Rs: PV cell series resistance (Ω), Ki = Temperature coefficient of Ish, Gref 
= Reference solar irradiation, Rsh: PV shunt resistance (Ω).

2.1. Boost Converter
In PV model, maximum power is transferred when load impedance and source impedance 
becomes equal [5] for that purpose boost converter and their duty cycle is varied according 
to do so through MPPT controller illustrated in Figure 3. When the MOSFET is closed, 
the current through inductor rises linearly due to its property of storing energy as diode is 
reversed so inductor will not be able to supply energy. So, the capacitor will be discharged 
by supplying the current to load. When the MOSFET is opened, the diode becomes 
forward biased, and then the capacitor is charged. Then inductor supply energy as stored 
previously. The MPPT controller varies boost converter’s duty cycle (D) of as given by:
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1.2. Perturb and Observe Algorithm
The MPP is achieved by perturbing the PV parameters (voltage and current) and detect 
a change in output power in P&O  [1,3,5,9]. Proper step size selection is important for 
achieving MPP. To decrease the response to noise, when making a direction decision 
averaging the PV power value is a must. Whenever the system is not at operating at the 
MPP, it is not functioning at the peak point. The flow chart of P&O algorithm is presented 
in Figure 4(a). By varying the duty cycle in the certain direction, this algorithm first 
perturbs the voltage and check deviation in power. If dP< 0, then duty cycle is more varied 
in reverse path till MPP is achieved. But if dP > 0, the change in the duty cycle will be 
done in the same direction. Hence, by following this procedure the MPP is tracked. It 
can be seen from equation (6) that, for dc to dc conversion boost converter is used; solar 
voltage fluctuates inversely as the duty cycle, i.e. PV voltage decrease by increasing the 
duty cycle D and vice versa. The plot of PV output current and voltage and power voltage 
are presented in Figure 4(b).

3.  Asymmetric Cascaded Half-Bridge Multilevel 
Inverter Topology

The ACHB MLI comprises of a level generator and polarity changer. The each cell of level 
generator has two switches with DC source. The general form asymmetric cascaded half-
bridge is given in Figure 5. The polarity changer circuit is a full bridge converter which 
consists of four switches such that two in branch form an H bridge. The DC sources are 
Vdc, Vdc2 Vdc3…Vdc.

BOOST 
CONVERT0R

MPPT

V

A

-

Vo

+

PWM

FIGURE 3. MPPT-based PV module with boost converter.
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In given circuit, DC sources are

V1 = Vdc
V2 = Vdc2
V3 = Vdc3
Vn = Vdcn

The equation for quantity of switches and voltage level at the output are given in Eqs. (8) 
and (9) where m shows quantity of switches and n shows quantity of DC sources then the 
quantity of switches in Asymmetric Cascaded Half-Bridge MLI calculated as,

(a)

(b)

FIGURE 4. (a) Flow chart of P&O algorithm. (b) MPP for 50 W panel at 25 oC and 45 oC.
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FIGURE 5. Asymmetric cascaded half-bridge MLI topology.
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 m = 2*n (8)

The equation for number of voltage levels at output is given as

 12 1nk += −  (9)

where k is the number of output voltage levels.
Table 1 illustrates the pattern of switching of one full cycle using eight MOSFETs 

(Switches) using only two DC sources of values are given as Vdc = Vdc1, Vdc2 = 2Vdc2. And in 
each cell when one switch is on other will off. It means switches in cell work in the opposite 
mode. the 1’s indicates the on-state and the 0’s indicates the off-state. When MOSFETs 
(Switches) S1, S2, S3, and S7 are on, the output will connect to the load, and MOSFETs 
(Switches) S2, S4, S6, and S8 disconnected, respectively. In each cell, switches are work in 
an opposite mode which simplify and reduce switching pattern as shown in Figure 6. The 
function of polarity changer is to provide a copy of positive output voltages but in reverse 

TABLE 1. Proposed switching pattern

S1 S2 S3 S4 S5 S6 S7 S8 Vout

1 1 0 0 1 1 0 0 1 V1
2 0 1 1 0 1 0 0 1 V2
3 1 0 1 0 1 0 0 1 V1 + V2
4 0 1 0 1 1 0 0 1 0
5 1 0 0 1 0 1 1 0 −V1
6 0 1 1 0 0 1 1 0 −V2
7 1 0 1 0 0 1 1 0 −V1 − V2

FIGURE 6. Switching pattern for the topology (blue color shows on switches and red 
color shows off switches) (A) V1 (voltage output), (B) V2 (voltage output), (C) V1 + V2 (Volt-
age output), (D) voltage output Vout is (0), (E) −Vdcn + V2 (voltage output), (F) –Vdcn + V1 
(voltage output), (G) –Vdcn (voltage output).
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polarity. PWM technique is used to generate seven-level output voltage Vout., described in 
given below section.

3.1. PWM Modulation Technique
PWM technique is classified as; n-phase disposition (IPD), Anti-phase disposition (APD), 
Carrier Overlap (CO) and Variable Frequency (VF) are used in MLI’s [19–20,23–24]. 
The (n-l) carriers are used to match with the modulation signal in an n-level inverter, in 
MC-PWM [20,25]. In this work, six modulating carriers which are six triangle carriers 
(AC1 to AC6) are used for ACHB seven-level MLIs. Each carrier frequency is 1 kHz. The 
signals have identical amplitude and frequency but dissimilar offset voltage. The triangular 
waves are matched with one sinusoidal signal at altered amplitude. The phase difference of 
each find by 1800/n for n-level inverter [26]. Method of generating switching pulses using 
MC-PWM is shown in Figure 7(a). Switching pattern is generated by six carriers when 
compared with modulating waveform as illustrated in Figure 7(b).

(a)
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Time

(b)
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FIGURE 7. (a) Switching pulse. (b) Output of MC PWM technique.
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4. Proposed System
The MATLAB/SIMULINK model of an anticipated system is presented in Figure 8. It 
consists of two MPPT PV-based acting as sources for ACHB MLI. For selecting DC sources 
of proper values binary method (V = 1:2) is chosen as explained above (Vdc1 = V1, Vdc2 = 
2V1) is used. The output of PV1 is 12 V and output of second PV model is selected 24 V. 
The output of each PV model remains constant irrespective of temperature and irradiance 
changing. This is due to the use of P&O algorithm.

5. Results and Discussions
The MATLAB/ Simulink software is used to design a P&O MPPT algorithm for PV system 
based asymmetric cascaded half-bridge MLI. Table 2 shows parameters of PV1 module. 
Table 3 states system parameters of PV2 model. Table 4 states the components of the boost 
converter and Table 5 three states system parameters of asymmetric cascaded half-bridge 
MLI. The performance of the modified P&O algorithm is checked for a steady increase in 
the irradiance level from 700 to 1000 W/m2 at 0.1 s. Temperature is kept constant at 25°C. 
The perturbation frequency and the step size are selected as 1 kHz and 0.05, respectively. 
The increase in irradiance at 0.1 s causes all three quantities (current, voltage, and power) 
to increase. It has been noticed that the output remain constant as temperature and 
irradiance have been varied to keep the constant input for the asymmetrical cascaded 
half-bridge MLI. The waveforms of output voltage and current of P&O algorithm based 
MPPT PV1 panel shown in Figure 9(a–b), and output current and voltage waveforms are 
of PV2 are shown in Figure 9(c–d). 

When integrating with PV1 as Vdc1 source and PV2 as Vdc2 the voltage waveforms and 
total harmonic distortion THD of proposed asymmetrical cascaded half-bridge MLI is 
shown in Figure 10(a–b). The proposed topology shows its ability to give seven-level 
output with perturbing and observes algorithm based MPPT PV module as DC sources. 
The first positive level is same to PV1 = Vdc1 = 12 V, the second positive level is same to the 
PV2 = Vdc2 = 24 V, the greatest voltage is the sum of the two (PV1 + PV2) = (Vdc1 + Vdc2) = 

FIGURE 8. Proposed model in MATLAB/SIMULINK.
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36 V and 0 V at the end of a positive cycle. The negative half cycle is similar in amplitudes 
to a positive half cycle but its polarity is reversed. Negative half cycle created by subtracting 
the Vdc3 from the Vdc2 to produce the first PV1 = Vdc1 = −12 V, then from the Pdc = Vdc1 to 
produce the PV2 = Vdc2 = −24 V and finally produce the greatest reverse voltage – (PV1 

TABLE 2. Specification of 50 W PV panel

Parameters Value

Maximum power at STC, Pmp 50 Watt
PV open-circuit voltage , Voc 21.6 Voltage
PV short-circuit current, Isc 3.13 Ampere
Voltage at maximum power, Vmp 17.5 Voltage
Current at maximum power, IMP 2.87 Ampere
PV open-circuit voltage temperature coefficient of VOc −0.37%/°C
PV short-circuit current temperature coefficient of Isc 0.06%/°C
Total number of series connected PV cells, Ns 36
Total number of parallel connected PV cells, Np 1

TABLE 3. Specification of 18.5 W PV panel

Parameters Value

Maximum power at STC, Pmp 18 Watt
PV open-circuit voltage, Voc 10 Voltage
PV short-circuit current, Isc 3.13 Ampere
Voltage at maximum power, Vmp 6.5 Voltage
Current at maximum power, IMP 2.87 Ampere
PV open-circuit voltage temperature coefficient of VOc −0.37 %/°C
PV short-circuit current temperature coefficient of Isc 0.06 %/°C
Total number of series connected PV cells, Ns 36
Total number of parallel connected PV cells, Np 1

TABLE 4. Boost converter parameters

Component Description

Inductor, L 177 μH
Output capacitor, Cout 158 μf
Input capacitor, Cin 1 μf
Frequency, f 50 Hz

TABLE 5. System parameters

Parameter Description

Total PV DC sources 2 asymmetric PV DC sources
Rating of PV DC sources PV1 = Vdc1 = 12 V , PV2 = Vdc2 = 24 V
Quantity of switches 8 switches (MOSFETs)
Output voltage level 7 level
R value 50 Ω
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FIGURE 9. (a) 12 V panel output current. (b) 12 V PV panel output voltage. (c) 24 V PV 
panel output current. (d) 24 V PV panel output voltage.
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+ PV2) = −(Vdc1 + Vdc2) = −36. The output is equated with shifted six carriers to create 
suitable gating signals. The total harmonic distortion as shown in Figure 10b is 15.81. It is 
worth saying that the THD of the proposed topology is less.

6. Conclusion
This study presents the P&O MPPT algorithm for PV-based ACHB-MLI topology. PV 
modules are used as asymmetric PV DC sources for the converter configuration are 
utilized to increase number of output voltage levels. Polarity changer circuit let the given 
system to yield both cycles (Positive and Negative). The proposed model consists of two 
PV modules which are P&O algorithm based to track maximum power point Tracking. 
It can track the MPPT with good performance as the output of each PV module remains 
constant irrespective of change in temperature and irradiance. The given topology is 

(a)

Time

(b)

Time

FIGURE 10. (a) Output voltage wave form. (b). THD of proposed topology.
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simple and modular in constructing cells. The proposed topology has improved harmonic 
spectrum with PV as sources.
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