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Abstract— This paper presents a residential photovoltaic 

(PV) system with maximum power point tracking (MPPT) 

and grid interfacing ability. A multi-level boost converter 

(MBC), a battery bank and a half bridge inverter have been 

used to perform the function. A PV panel rated for 250 W, 

29 V, 8.6 A is boosted to 72 V by the MBC. As the battery 

bank is connected at the output of the MBC, the output 

voltage is clamped at the battery voltage and is constant 

irrespective of irradiation. The power exchange between the 

PV array, battery bank, load and the grid has been suitably 

managed by the closed loop controller. Hence, reliable 

power has been delivered to the load. Variation in PV power 

is not reflected in the load voltage or dc bus voltage; instead 

changes occur only in the MBC output current. This leads to 

the elimination of voltage sensor for MPPT. The proposed 

system thus uses only the dc link current data for obtaining 

MPPT unlike the traditional systems that uses both voltage 

and current. The half bridge inverter is used to deliver the 

generated power from PV panel to the grid and load. The 

complete scheme rated for 250 W has been modeled using 

MATLAB/ SIMULINK and the results are compared in 

open loop and closed loop modes. The results gave a close 

agreement proving the efficacy of the system. 

Key words: Photovoltaic Panel (PV), Multi-Level Boost 

Converter (MBC), Half-Bridge Inverter, Maximum Power 

Point Tracking (MPPT), Grid Interfacing Capability 

I. INTRODUCTION 

Day-by-day increase in the demand of electric power has 

fetched the natural resources towards extinction. But, the 

evolution of power electronics led marvelous improvements 

in power generation, transmission and distribution. 

Renewable energy systems such as solar and wind electrical 

energy conversion systems have marked significant 

improvement in the generation of power. Solar energy being 

abundantly available, photovoltaic (PV) arrays emerged as 

one of the most feasible electrical power generation systems 

[1]. However, PV arrays are non-linear in voltage-current 

characteristics, as its output power and voltage varies with 

irradiation and temperature. Maximum power point tracking 

(MPPT) is thus implemented to extract maximum power 

from the sun through PV arrays. 

Many algorithms have been developed to extract 

maximum power point (MPP). The commonly known 

MPPT algorithm in renewable energy systems is proving 

beneficial to satisfy the need of power generation in an 

efficient manner. The MPPT has advanced with many 

algorithms such as hill climbing method, incremental 

conductance (INC) method, perturb and observe (P&O) 

method etc. Each of the algorithms has paved way in 

renewable systems in a better way [2]. Out of these 

algorithms, the P&O method is one of the simplest methods. 

Traditional P&O algorithm is based on the sensed 

information such as voltage, current and power.  

In two stage converters, MPPT is usually achieved 

in dc-dc converters. The dc-dc boost, dc-dc buck, dc-dc 

buck-boost converters, sepic converters, fly-back converters, 

high gain converters are commonly used depending on the 

requirement of voltage gain such as step-up, step-down or 

step-up and step-down together. Thus, these converters have 

multiple topologies and are modified for different 

applications. A transformer-less converter having maximum 

boost ratio and an increased frequency has been 

implemented in [3], [4]. But, the complexity of the power 

circuit as compared to the simple boost converter with one 

switch is the demerit. For high voltage applications that uses 

low voltage rated devices, buck converter with push-pull 

amplifier can be enhanced by the addition of capacitors and 

diodes to the main circuit. However, this increases the 

switches and complexity in controlling the circuit. The 

quadratic boost converter provide higher boost ratio but has 

been prevented for use in high voltage applications. Also, 

the number of inductors are increased which makes it 

difficult to encapsulate in the circuit [5]. 

A dc-dc five level boost converter topology has 

been suggested, wherein many stages can be further added 

with no much modifications in the main circuit [6], [7]. The 

devices nearer to the main circuit would dissipate power 

more that the devices in the higher side of the power circuit. 

These limitations can be minimized by using central source 

converter. Multilevel converter topologies based on 

switched capacitor converter and diode-clamped converter 

have already been realized. The capacitor-clamped topology 

fails to balance the voltage in the dc-link, due to the 

inherently present capacitors which limits its application 

especially above three-level [8]. A modular multilevel dc-dc 

converter has been framed on the simple boost converter 

topology with single switch replaced by a number of 

capacitor-clamped modules. The need of large number of 

isolation transformers, which have extreme potential 

differences between the high voltage and low voltage 

windings, increases the size of system [9]. At high switching 

frequencies of the converter, the size of the inductors and 

capacitors are though reduced, the ripples in current and 

voltage are increased. Also, the switching delay in the 

switches limits the switching frequency as the duty ratio is 

small, to overcome this drawback a transformer can be used. 

However, the transformer losses also limit the switching 

frequency [10]. 

Diode clamped multilevel boost converter (MBC) 

are built to reduce the converter size by using MOSFETs, 

with small value of equivalent series resistance without 

using transformer for grid operation. But, for its proper 

operation, the diode clamped MBC is in need of external 

balancing in different dc-links. So, each level will be 

unbalanced which creates the problem in grid connection 

[11]. 
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Fig. 1: Block diagram of proposed system. (MBC – 

multilevel boost converter, HBI – half bridge inverter, 

MPPT – maximum power point tracking, PWM – pulse 

width modulation) 

The cascaded cells MBC is designed to reduce the 

voltage stress on the switches and the body diodes. The 

value of capacitors in each of the stages is constant and the 

voltage ripple being too low can be ignored. However, the 

circuit introduces complexity due to the increase in the 

number of switches, capacitors, diodes and the inductors 

making it difficult to encapsulate [12] – [14]. The dc-dc 

converter in the proposed system utilizes the advantages of 

the classical dc-dc converters and minimizes the effect of 

demerits of the converters presented in the literature. 

A numerous number of inverters such as voltage 

sourced and current sourced inverters are in use [15] – [18]. 

While transferring bulk power, voltage sourced inverters 

namely H-bridge and multilevel inverters are preferred. In 

low power systems, half bridge inverter (HBI) topology is 

favorable due to its higher efficiency and of cheaper price 

[19]. Hence, it is used in the proposed work. 

II. PROPOSED SCHEME 

The block diagram of the high efficiency PV fed home 

inverter with grid interfacing capability is shown in Fig. 1. 

The proposed system has a PV panel as source, a central 

source multilevel boost converter (MBC) with MPPT 

control and a half bridge inverter (HBI). A PV panel rated 

for 250 W, Voc = 34 V, Isc = 9 A has been used in the 

proposed work. The PV generated voltage at a nominal 

irradiation in the proposed scheme is approximately 24 V 

which less than the dc bus voltage. Hence, the PV output 

voltage is boosted by the MBC. As it is required to supply 

power to the inverter that is demanded by the residential 

load, the boosted output voltage from the converter is to be 

stabilized [18]. Hence, a battery bank is necessarily used in 

the proposed system. Six batteries each rated for 12 V, 35 

AH are connected in series across the dc bus stabilizes the 

dc bus voltage. It acts as source when the power generated 

by the PV array is less than the power demand and sink 

when the power generated by the PV array is greater than 

the power demanded by the load. 

The inverter converts the dc bus voltage in to ac at 

the load terminals. The HBI with LC harmonic filter and 

sine pulse width modulation (SPWM) control interfaces the 

dc-bus with the load and the grid through two relays RL1 and 

RL2. The relay RL1 is switched OFF and RL2 is switched ON 

when there is no solar power and grid power is available. 

Conversely, RL2 is switched OFF and RL1 is switched ON 

when grid power is absent and solar power is available. Grid 

failure has been detected by continuously sensing the 

magnitude and total harmonic distortion (THD) level of 

voltage across the load terminals. When THD is larger than 

the predefined limit and voltage is less than the allowable 

value, it is assumed grid failure and hence relay RL2 is 

opened. Both the relays will be switched OFF when no 

sufficient irradiation, battery SOC and grid power are 

available. Bipolar switching has been used in the HBI. 

III. CENTRAL SOURCE MULTILEVEL BOOST CONVERTER 

The traditional boost converter has been modified into the 

MBC by inserting additional capacitors and diodes along 

with the existing switch and the inductor in the basic circuit. 

Sufficient number of additional capacitors and diodes act as 

multipliers. The number of multiplier stages (n) can be 

increased on the positive and the negative side of the main 

circuit by adding the multipliers and retaining the switch and 

inductor in the center of the dc-dc converter. This tends to 

make the dissipation of power uniform on the devices in the 

lower section and that of the devices in the upper section. 

Hence, the detriment in many grounded source dc-dc 

converters is overcome by the modular implementation of 

the central source multilevel dc-dc converter [5]. The 

operation of the converter is similar to that of a traditional 

boost converter except that, each multiplier stage adds a 

voltage that is equal to the voltage at the output of basic 

circuit to the dc bus. Hence, addition of multiplier stages 

will sufficiently increase the dc bus voltage up to the 

requirement with no further increment of the duty ratio. This 

ensures no additional winding and core losses and inductor 

core saturation. 

The output voltage in each level of the central 

source MBC is approximately equal. Thus, balanced voltage 

has been made available across the battery banks. An n-

stage central source MBC consists of only one driven 

switch, an inductor, 2n-1 capacitors and 2n-1 diodes. The 

efficiency of this converter is more than any other 

converters as it contains only one driven switch rated at a 

voltage equal to single level output voltage. i.e. the voltage 

stress on the switch is smaller. The desired output voltage 

has been obtained by using two multiplier stages in the 

proposed system. 

First stage is the typical boost converter consisting 

of the dc source, a switch and an inductor. The second stage 

is a diode-capacitor voltage multiplier. The output voltage of 

a generalized MBC is,  

Vout = nVin /(1– D)  (3.1) 

where, n is number of stages of the MBC, Vout is the 

output voltage of the MBC, Vin is the input voltage of the 

MBC and D is the duty ratio. The MBC of the proposed 

system has two stages. Hence, for 2-level MBC,  

Vout = 2Vin /(1 – D)  (3.2) 

The voltage stress on the switch is given as,  

VS = Vout /2   (3.3) 

The average inductor current (ILAVG) in the converter is given 

as,  

 ILAVG = I load/(1– D)  (3.4) 

Vout = n* VC   (3.5) 

VC is the voltage across the capacitor in a single 

stage. The 2-level MBC in the proposed system is shown in 

Fig. 2. 
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Fig. 2: Central source multilevel boost converter used in the 

proposed scheme 

IV. HALF BRIDGE INVERTER 

The half-bridge inverter (HBI) is a MOSFET based 

converter having one arm which converts the dc bus voltage 

to ac output at preferred frequency and magnitude. The 

magnitude of output voltage of the inverter has been fixed 

by the load and the grid as (4.1). 

VL = mVout/2√2   (4.1) 

Constant ac output voltage at the inverter has been 

obtained by suitably varying the modulation index ‘m’ 

which has been carried out by SPWM strategy. Variable 

SPWM control is rarely required as the dc bus voltage is 

held constant by the 

 
Fig. 3: Schematic diagram of half-bridge inverter (HBI) 

battery bank in the operating range of state of 

charge (SOC). However, when the battery bank is 

overcharged, the dc bus voltage is larger which in-turn 

provides a larger voltage across the ac load in the absence of 

grid. In presence of grid, the reactive VAr injected into the 

grid is larger with higher voltages at the dc bus. In these two 

conditions, variable modulation SPWM control is required. 

The SPWM pulses to the two switches of the inverter are 

suitably generated in simulation with appropriate value of 

modulation index ‘m’. For example, when the SOC of the 

battery is 50 %, the terminal voltage of battery bank at the 

dc bus is 76 V. Hence, the required inverter output voltage 

of 21.21 V has been obtained at a modulation index of 0.79. 

On the other hand, when the SOC is 30 %, the terminal 

voltage of the battery bank is 72 V. Hence, the required 

inverter output voltage is obtained at a modulation index of 

0.833. 

V. SIMULATION RESULTS & DISCUSSION 

The proposed system containing central source MBC, the 

HBI, PV source and resistive load has been simulated using 

open loop and closed loop MATLAB / Simulink models. 

The Simulink model of the complete system is shown in Fig. 

4. The design specifications of the system are given in Table 

1. To designing inductance and capacitance of the MBC, 

ripple current and ripple voltage have been taken 

respectively as 20 % and 2 %. To find the values of 

inductance and capacitance of the filter on the inverter 

output, a cut-off frequency of 5 kHz has been used. The 

inverter has been designed to have a short circuit level of 

three times its rated capacity. The inductive reactance of the 

filter limits this level. 

S. 

No. 
Components Specifications 

 Inductance of the MBC 2 mH 

 DC bus Capacitance of the MBC 100 µF 

 
Converter/inverter switching 

frequency 
10 kHz 

 Nominal PV voltage range 22 – 29 V 

 Load/Supply voltage 24 V 

 Grid frequency 50 Hz 

 Nominal battery voltage 72 V 

Table 1: Design Specifications 

 
Fig. 4: Complete simulink model of the proposed system 

A. Open loop simulation 

The open loop simulation of the proposed system having 

inverter, MBC and battery bank has been carried out and the 

results are presented in Fig. 5 to Fig. 7. The PV power at a 

varying voltage ranging from 22 V to 29 V dc 

corresponding to an irradiation of 100 W/m2 to 1000 W/m2 

has been applied to the central source MBC. This voltage is 

boosted to a constant 36 V per level in the MBC with 

appropriate duty ratio δ. A load variation has been initiated 

at 3.5 s and stopped at 8 s. The battery SOC, current and 

voltage are shown in Fig. 5. This figure shows a constant 

battery voltage irrespective of battery current. When the 

load power is more than the PV generated power, the battery 

discharges, otherwise it charges. The polarity of current is 

marked positive while discharging and negative while 

charging. The magnitude of voltage is 36 V per level and the 

peak pulsed dc bus current is 10 A. 
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Fig. 5: Battery parameters: State of charge, Current and 

Voltage 

Figure 6 shows that the magnitude of voltage at the 

dc bus capacitor per level of the MBC is 36 V. This voltage 

is equal to the voltage of the battery bank connected per 

level in series. A self-balanced voltage across both the levels 

in 2-level central source MBC is maintained equal and 

constant. 

 
Fig. 6: Voltage across each capacitor in the MBC connected 

to the dc bus 

 
Fig. 7: Output current and output voltage across half-bridge 

inverter 

The output current and voltage of the inverter is 

found to be sinusoidal after filtering using the LC filter as 

shown in Fig. 7. The current magnitude is 2.12 A and 

voltage magnitude is 21.21 V for a load resistance of 10 Ω. 

B. Closed loop simulation 

The PV panel rated for 250 W and is connected to the MBC. 

The duty ratio of the MBC is controlled using MPPT 

algorithm. A simple P&O  method has been used for MPPT. 

This algorithm checks the new values of voltage and current 

in each perturbation cycle with the previous perturbation 

cycle during a change in irradiation has been detected. Any 

changes in irradiation causes a corresponding changes in the 

output current of the MBC. This is due to the fact that the 

battery voltage is stiff and constant. Figure 8 shows the 

battery parameters such as battery SOC, battery current and 

battery voltage at one level of the MBC. It shows that the 

voltage is constant even with varying current due to varying 

irradiation. 

 
Fig. 8: State of charge, battery current and battery voltage at 

one level of the MBC. 

 
Fig. 9: Converter output voltage in 2-level MBC 

Figure 9  shows the output voltage of the 2-level 

MBC giving voltage balancing between the two levels. The 

voltage magnitude of the MBC with PV panel as a source of 

24 volts input is 38 volts. As, the battery bank is used to 

stabilize the voltage of the converter and to maintain the 

DC- link voltage, the half bridge inverter provide a constant 

ac voltage irrespective of irradiation. Care has been taken in 

the closed loop system to maintain the battery SOC between 

30 % and 90 %. This is done by appropriate control of grid 

power delivered by the SPWM controller during the normal 

operating conditions. The inverter output current and 

voltage magnitude of the half-bridge inverter after the LC 

filter has been measured as 2.12 A and 21.21 V as shown in 

Fig. 10. The inverter output voltage and the grid voltage are 

the same as the system is interfaced with the grid. Hence, 

during grid connected operation, the voltage THD is ideally 

zero and the current THD is approximately 2 % in the 

proposed system. Though a grid with 21.21 V is not 

available, this voltage has been developed using a step down 

transformer connected to 230 V grid. The transformer is not 

shown in the simulation model as it is possible to apply any 

desired value of ac voltage with simulation blockset. 

 
Fig. 10: Inverter output voltage and current 

VI. CONCLUSION 

A high efficiency PV fed home inverter with grid interfacing 

capability has been presented. The maximum power from 
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the PV panel has been delivered to the grid and load through 

the proposed two stage power electronic converter. The 2-

level MBC is built with the characteristic features of 

continuous input current and a good conversion ratio. Only 

two switches have been used in the inverter to improve the 

efficiency of conversion. Information of the MBC output 

current has been utilized for obtaining MPP thus minimizing 

cost and complexity. Due to simplicity P&O MPPT 

technique has been utilized in the proposed work. 

Considering reliability of the battery bank, the SOC is 

maintained between 30 % and 90 %. The open loop and 

closed loop simulation results of the proposed system using 

MATLAB presented give a close agreement to each other 

proving better efficacy of the system. Results shown in 

various graphs indicate that the presence of battery at the dc 

bus provide a fixed ac load voltage which is the fundamental 

requirement of electrical loads. Hence, standalone PV 

system with grid interfacing capability proves to be better 

option to residential installations that provide significant 

reduction in electricity bills and support grid voltage profile. 
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