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Abstract 

 
The most important modern advances in power electronics is photovoltaic power systems are becoming more 

widespread with the increase in the energy demand and also reduces the environmental pollution around the world. 

There are different structures of multi level inverters; Cascaded H Bridge (CHB) inverter is more appropriate 

converter for PV application since each PV panel can act as a separate DC source for each cascade H bridge module. 

It has many inbuilt benefits likes:(1)its modular structure, (2) it can be easily implemented through the series link of 

identical H-bridges, (3) generate near sinusoidal voltages with only fundamental frequency switching and finally and 

(4) no EMI or common mode voltages. This flexibility has resulted CHBMLI topology in different applications like 

medium-voltage industrial drives, electric vehicles and the grid connection of photovoltaic-cell generation systems. 

The main disadvantages of the cascade multilevel inverters is a need of an isolated dc voltage sources for each H-

bridge, due to this reason size of the inverter and cost increases, by virtue of which reliability of the system reduces. 

This Disadvantage of inverter is the key motivation for the present work .In this paper Cascaded Multilevel inverter 

for grid inter facing of  photovoltaic generating system is presented with reduced dc source to show the benefits of 

cascade the PV system. The performance of the cascaded multilevel inverter with fundamental switching scheme for 

different levels is studied through simulation using MATLAB. A Mathematical model for Photo Voltaic system is 

developed and implemented with the multilevel inverter. 

 

I. Introduction 
 

Among various renewable energy sources, PV and wind power are most rapidly growing renewable energy 

sources. The PV source is a nonlinear energy source and direct connection of load will not give optimum utilization 

of the photovoltaic system. In order to utilize the PV source optimally, it is necessary to provide an intermediate 

electronic controller in between source and load under all operating situations. By using this electronic controller it 

is possible to operate the PV source at maximum power point tracking (MPPT), with this for improving the energy 

efficiency of the PV module. Many control algorithms have been reported in the literature to track maximum power 

from the PV arrays, such as incremental conductance (INC), constant voltage (CV), and perturbation and 

observation (P&O) MPPT algorithms. The two algorithms often used to achieve maximum power point racking are 

the P&O and INC methods. High-voltage PV array is not essential, because of the dc voltage boosting stage. 

However, this two-stage technique suffers from reduced efficiency, higher cost, larger size and high harmonics. 

From the aforementioned drawbacks of existing grid connected PV systems, it is apparent that the efficiency and 

footprint of the two-stage grid-connected system are not that much effective. Therefore, single-stage inverters have 

gained attention, especially in low voltage applications. Different single-stage topologies have been proposed, and a 

comparison of the available interface units is implemented. In the conventional voltage source inverter (VSI) is the 

most commonly used interface unit in grid-connected PV system technology due to its simplicity, availability and 

reliability. However, the voltage buck properties of the VSI increase the necessity of using a bulky transformer or 

higher dc voltage value.  
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However, the advantages are achieved at the expense of a more complex PV system. Moreover, a bulky transformer 

and an unreliable electrolytic capacitor are still required. The current source inverter (CSI) has not been extensively 

investigated for grid- connected renewable energy systems. However, it could be a viable alternative technology for 

PV distributed generation grid connection for the following reasons: 

1) The dc input current is continuous which is important for a PV application; 

2) System reliability is increased by replacing the shunt input electrolytic capacitor with a series input inductor; 

3) The CSI voltage boosting capability allows a low-voltage PV array to be grid interface without the need of a 

transformer or an additional boost stage. 

Grid-connected PV systems using a CSI have been implemented. The three-phase CSI for PV grid connection 

proposed. 

 

 In this paper, a single-stage single-phase grid-connected PV system-based on a CSI is extended to three phase grid 

connection and doubled-tuned parallel resonant circuit is proposed. To eliminate the second- and fourth order 

harmonics on the dc side. A modified carrier based modulation technique is proposed to provide a continuous path 

for the dc-side current after each active switching cycle and the control structure consists of MPPT, an ac current 

loop, and a voltage loop. To demonstrate the effectiveness and robustness of the proposed system, computer-aided 

simulation and practical results are used to validate the system. 

PV Array Characteristics 

PV system directly converts sunlight into electricity. The output of PV panel is DC. The basic device of a 

PV system is also known as PV cell. Cells may be gathered to form modules or arrays. For more applications now a 

day’s require DC-DC converters to process the electricity from the PV device. These converters may be used to 

either increase or decrease the level of voltage of the PV system, The output voltage getting from PV we are giving 

input to double tuned filter.  

 

A. PV Module Characteristics  

The equivalent circuit diagram of a PV module is shown in fig.1,  

 

 

Fig. 1 Equivalent circuit diagram of a solar cell PV module 

 

 The above figure is PV module circuit diagram, the current source represents the current is generated by light 

photons and its output is constant under constant temperature and constant irradiance. The diode shunted with the 

current source determines the characteristics of I-V of a solar cell. There is a series of resistance in a current path 

through the semiconductor material, the metal grid, contacts, and a current collecting bus. These resistive losses are 

lumped together as a series resistor (Rs). Its effect becomes very noteworthy in a PV module. The loss associated 

with a small leakage of current through a resistive path in parallel with the intrinsic device is represented by a 

parallel resistor (Rp). Its effect is much less noteworthy in a PV module compared to the series resistance, and it will 

only become noticeable when a number of PV modules are connected in parallel for a larger system. The 

characteristic equation which represents the I-V characteristic of a practical photovoltaic module is given below  
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Where I is current and V is voltage are the PV cell current and voltage respectively, IPV is the photovoltaic current, 

Io is the reverse saturation current of diode, Vt = NskT/q is the thermal voltage of the array with Ns cells connected 

in series, k is the Boltzmann constant, T is the temperature of the p-n junction, q is the electron charge and n is the 

diode ideality constant. IPV and I0 are given as follows 

 

 

 

Where “a” is temperature coefficient of Isc, G is the given irradiance in W/m2 and Eg is the band gap energy. The 

intensity of solar irradiance is the most dominant environmental factor which is strongly affecting the electrical 

characteristics of solar panel ac- cording to the Equation (5). The effect of the irradiance on the voltage-current (V-I) 

and voltage-power (V-P) characteristics. The PV cell produces higher output currents because the light generated 

current is proportionally generated by the flux of photons. 

 

Fig.2 I-V characteristics of the solar PV array 

 

It measures the PV array voltage and current, and then perturbs the operating point of PV generator to encounter the 

change direction. The maximum point is reached when . There are many varieties, from simple to 

complex. 

If the power increases due to the perturbation then the next perturbation of the operating voltage is continued in the 

same direction. 

 

Fig.3 P-V characteristics of the solar PV array 

 

The maximum power point (MPP) decreases with de- creasing irradiance and this is indicated on each (V-P) curve. 
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Perturb and observe technique  

 
In Perturb and observe (P&O) system, the MPPT algorithm is based on the calculation of the PV power and the 

power change by sampling both the PV current and voltage. The tracker operates by periodically incrementing or 

decrementing the solar array voltage. 

 

 

TABLE I Summary of hill-climbing and P&O algorithm 

 
 

The algorithm works when instantaneous PV array voltage and current are taken, as long as sampling occurs only 

once in each switching cycle. This process is repeated periodically until the MPP is reached. The system then 

oscillates about the MPP. The oscillation can be minimized by reducing the perturbation step size. However, a 

smaller perturbation size slows down the MPPT.Fig.6 below shows the flow chart of conventional P&O technique. 

To overcome the problem of this slow response in reaching to MPP, a new algorithm has been developed so that 

MPP can be reached faster compared to that of conventional P&O.  
 
 

2. MLI FOR PV APPLICATIONS 

 

In the Fig. 4 we can see the cascade multilevel inverter consisting of k dc generators and k cascaded H-bridges 

arranged in a single-phase multilevel inverter topology. Each dc generator consists of PV cell arrays which can be 

connected in series and/or in parallel, thus we can obtain the desired output voltage and current. H-bridges basically 

consist of four metal–oxide–semiconductor field-effect transistors (MOSFETs) which are embedding with anti 

parallel diode and a driver circuit for the proper switching operation [15].  Three-phase systems can be realized by 

delta or wye connection of three single-phase systems. The number n of H bridges depends on the number p=2n+ 1 

of desired levels, which has to be chosen by taking into account both the available PV fields and design 

considerations: The higher the number of levels, the better the sinusoidal voltage and the current waveforms we can 

get. However, the number of levels increases the complexity level and the cost of the system while reducing its 

switching frequency in comparison with two-level and three level inverter output [16]. From the energy point of 

view, it can be noticed that, Even if the amount of switching losses increases proportion all  to the number of devices 

in series, the transistor [MOSFET or insulated-gate bipolar transistor (IGBT)] conduction resistance decreases when 

using devices with lower maximum applicable voltage. Hence, by this ways we can make the total losses lower 

using a multilevel inverter rather than using a two-level converter [17]. We know that the MOSFET is low voltage 

and high switching frequency devices .The instantaneous total output voltage of the n-level cascade inverter is 

 
  
The i-stage output voltage.  
Each H bridge can be driven by with a suitable duty cycle or a PWM pattern, thus the result will be staircase without 

or with embedded PWM [18]. In the considered single-phase 230-V system, the cells are arranged into four distinct 

arrays, thus resulting in a nine-level converter, which can be considered a reasonable trade off among complexity, 

performance, and cost [19]. 
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Figure 4.Two H bridge inverter in cascade to generate the 9 level output. 

 

 

3. Transformer less Inverters for solar photo voltaic 

 
  A. What is a transformer less (TL) inverter?  

 

The differences between standard or conventional inverters and transformer less inverters are:  

i. Conventional inverters are built with an internal transformer that synchronizes the DC voltage with the AC output.  

ii. Transformer less (TL) inverters use a computerized multi-step process and electronic components to convert DC 

to high frequency AC, back to DC, and ultimately to standard-frequency AC.  

 

B. Transformer less (TL) Inverter Appeal:  

 

Transformers less inverters are light, compact, and relatively inexpensive. Since transformer less inverters use 

electronic switching rather than mechanical switching the amount of heat and humidity produced by standard 

inverters is greatly reduced. TL inverters maintain the unique ability to utilize two power point trackers that allow 

installations to be treated as separate Solar PV Systems. In other words with TL inverters, Solar PV Panels can be 

installed in two different directions (i.e. north and west) on the same rooftop and generate DC output at separate 

peak hours with optimal effects. Traditional inverters work through only one power point, which means panels that 

are performing at lower frequencies will lower DC output for the entire system. 

  

C. Possible Benefits of using a Transformer less Inverter:  

 

i. Usually much lighter in weight than inverters with transformers.  

ii. Have higher efficiency ratings  

iii. Capable of dual MPPT inputs, depending on manufacturer  

iv. Lower cost and size  

v. Embodied energy.  

 

D. Transformer less (TL) Inverter Considerations:  

 

Transformer less inverters does not have electrical isolation between DC and AC circuits. This may raise some 

grounding and / or lightning protection concerns. In order for transformer less inverters to comply with NEC 

specifications specially designed and more expensive PV Wire must be used.  Transformers less inverters have been 

developed for use with Grid-Tie Solar PV Systems, so Off-Grid systems users will not necessarily achieve the same 

benefit yet.  
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E. Inverter Efficiency:  

 

Inverter efficiency is determined by the percentage measurement of energy convergence (i.e. the closer to 100% of 

DC to AC convergence for the longest amount of time the more refined inverter efficiency). When calculating 

efficiency it is important to include peak and off-peak performance percentages in addition to how often your 

inverter is operating at rated capacity. 

 

 
 

 Fig 5 Comparison of Transformer vs Transformer less Inverter 
 

Studies show that even a small percentage increase in inverter efficiency means the power supply increase can be 

quite significant if factored throughout the life span of the inverter.  

 

F.  Installation Considerations for TL Inverters:  

 

i. The positive and negative PV source circuits must BOTH be switched and over-current protected with TL 

Inverters.  

ii. The PV array equipment must still be grounded, but not the PV source.  

iii. The modules and the source circuits must use wire rated PV WIRE or PV CABLE.  

iv. The negative conductor of the PV array is not grounded, and therefore shall no longer be colored white when 

terminating at the inverter or disconnect. Refer to NEC 690.35 for some relevant TL inverter information  

v. PV source circuits shall be labeled with the following warning at each junction box, combiner box, disconnect, 

and device where the ungrounded circuits may be exposed during service:  

 

G. Safety:  

 

Unlike their conventional counterparts, transformer less inverters lack electrical isolation between DC and AC 

circuits. This may raise safety concerns. However, safety mechanisms such as isolation resistance tests and residual 

current measurement can lower the risk of shock.  In Australia, the installation of photovoltaic systems is regulated 

under AS 5033 and must comply with safety standards. It is important to note that TL inverters have been common 

in Europe for the last decade or two, even though they are relatively new to Australia.  

 

 

4. SIMULATION STUDY 

 

Simulation study results of PV fed single phase CHB MLI is presented for five levels in in this paper. The 

performance of five level a is presented here. Further, the effect of change in PV input parameters is studied in detail 

through simulation in this. 
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A. Simulation of PV Module 

 

The modeling of PV cell is done based on [7] .The PSCAD 4.2 model of PV is developed with irradiation and 

temperature as two input parameters. The photovoltaic current Ipv and diode current Id are modelled using equations 

(1) and (2).Series resistance Rs and parallel resistance Rp are calculated by considering MPP as operating point. 

 

B. Simulation of PV Fed CHB Inverter 

 

Five-level inverter simulating in PSCAD 4.2 is presented here, and a detailed performance analysis is done in terms 

of harmonic contents, voltage stress across the switches and number of switches needed. The inverter output voltage 

waveform which is five level is shown in the fig.5 .the output voltage is 300 volt and which is generated by making 

two H bridge inverter in cascade operation. As explain above the advantage of cascade multilevel inverter the output 

voltage level increase and the output THD decrease. 

 

 
 

Figure 6 nine level .inverter output voltage for cascade multilevel inverter. 

 

Fig .7 shows the THD of cascade multilevel inverter and the comparison of this THD result is compare with two 

level inverter output, as shown in table I and table II. And by which we can conclude that the as we go on increase 

the THD level there is decrease in THD and output waveform is more smooth. Fig .8 and fig 9. Shows the output 

voltage and current waveform for the cascade multilevel inverter, by the results we can see that current and voltage 

both are the sinusoidal in nature which is required. 
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Figure 7.THD of output current 

 

 
Figure.8output voltage waveform of cascade multilevel inverter 

 
 

Figure.9 output current waveform of cascade multilevel inverter  

 

V. CONCLUSION 

By the above discussion we see that by putting multilevel inverter in transformer less PV system we can increase the 

capacity of PV system. In this we also see that the THD is also reducing in this and wave form is near to sinusoidal. 

Some of the advantage of multilevel inverter in PV system is discussed here. 

� CHB multilevel inverter has low stress, high conversion efficiency and can also be easily interfaced with 

renewable energy sources (PV, Fuel cell etc.). 

� CHB multilevel inverter uses least number of devices to produce higher voltage level. 

� As number of level increases, the THD content approaches to small value as expected. 

� It eliminates the need for filter at the output side. 

� Though, THD decreases with increase in number of levels, some lower or higher harmonic contents remain 

dominant in each level. These will be more dangerous in induction drives. 

� When irradiation reduces, output voltage also proportionately decreases whereas it increases with decrease in 

temperature. 

� Small variation in THD and percentage of harmonics experienced during the change in irradiation. 
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