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Abstract— In this paper Neutral Point Clamped Multi-Level Inverter is controlled by Hysteresis Space 

Vector Modulation algorithm which helps to reduce the Total Harmonic Distortion (THD) factor in 

the output. Neutral Point Clamped Multi-Level Inverter (NPC-MLI) is suitable for transformer-less 

Photovoltaic (PV) grid connected system. PV source forms the input of the system and output can be 

synchronized with a grid connected system. Further, the use of a split inductor helps to avoid the use 

of a transformer, hence, reducing the size, leakage current and the voltage stress in the inverter. The 

proposed system simulation results were verified using MATLAB/ SIMULINK. 

Keywords— Maximum Power Point Tracking ( MPPT), Multilevel inverter, Hysteresis Space Vector 

Modulation (HSVM), Neutral Point Clamping (NPC).  

I.   INTRODUCTION 

            Renewable energy has been gaining importance in the scientific field of research. PV systems can be 

perceived as a promising alternative to the global demand of electricity [1]. Power generated from PV 

systems are usually supplied to a grid system through a transformer, which leads to an increase in overall 

size and cost, and decrease in the efficiency of the system. In order to overcome this issue, the use of 

transformer-less inverters have been studied. The choice of topology used depends on parameters like Total 

Harmonic Distortion (THD), reduced common mode voltage, leakage current loss and voltage stress. 

Multilevel inverters[9] have been drawing interest in the recent past due to their good harmonic rejection 

capacity, and ability to handle high voltages [2]. The proposed system uses diode-clamped inverter 

technology that provides reduced dv/dt stresses on switching, ability to control reactive power flow and 

increased efficiency of output due to greater reduction of common mode voltages [3]. The source of the 

inverter is derived from a PV system whose energy efficiency is optimized by tracking the maximum power 

point. PV arrays are generally known to be non-linear in nature and deliver maximum power at a particular 

operating point. This point is tracked by using a Perturb and Observe (P and O) Maximum Power Point 

Tracker (MPPT) technique [4]. 

Space Vector Modulation has been gaining popularity due to its performance at low modulation ratio as 

compared to the standard Pulse Width Modulation (PWM) techniques [5], and simplicity in hardware and 

software implementation. A Space Vector Voltage Control (SVVC) is analyzed in order to use hexagonal 

hysteresis areas. This is a modification of the simplified space vector PWM technique [6].  
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II.   PV ARRAY AND MPPT ALGORITHM 

The PV Array comprises of any number of PV modules, also called as solar cells. These cells comprise of p-

n junction semiconductors that generate DC current on exposure to light. The amount of solar irradiance 

received will determine the output power of the grid [7]. The method opted in the proposed system is the 

Perturb and Observe (P&O) method.  In the P&O method, the „dP/dV‟ value of the system is continuously 

tracked. This value when greater than zero (positive) is said to be on the left side, and while it is less than 

zero (negative), it is assumed to oriented towards the right. When the value is positive, that is greater than 

zero, it is known that perturbation is causing the array‟s operating point movement towards the MPP. The 

P&O algorithm will let the perturbation in the same direction when the value is positive, and when the value 

of „dP/dV‟ is negative, the operating point movement is away from MPP. Consequently, the P&O algorithm 

will reverse the perturbation direction. [8]. The main advantage of P&O algorithm is its easy 

implementation,[10] low demand for calculations and its versatility in the application part. [11 and 12].  

III. HYSTERESIS SPACE VECTOR MODULTION 

 Space Vector Modulation Pulse Width Modulation (SVPWM) is being increasingly adopted as the 

preferred modulation index for inverters on account of its higher voltage magnitudes, efficiency and lower 

switching losses as compared to other modulation techniques. 

This method also helps to overcome the problems caused due to synchronous PWM Harmonics, 

achieving a better DC Bus utilization and Common Mode Voltage (CMV). In this modulation technique, the 

sinusoidal voltage input is treated as a vector with constant magnitude, rotating at constant frequency. 

Representation of the three phase voltage vector is done in a two dimensional stationary coordinate frame 

(d-q axes). Switching states are identified by the placement of a constantly switching vector in the d-q plane. 

Implementation of SVM goes by the following algorithm:  

(a)Location of sector in which the vector lies in the d-q space; 

 (b)Determination of switching vectors adjacent to the triangulated position,  

(c) Duty cycle estimation of switching vectors; Switching pattern calculation and application. 

 Fig.4 shows the representation of the switching states in the d-q vector space. The vector space is divided 

into three distinct areas represented by the three different colors in it. The distinction in areas is such that the 

innermost hexagon consists of the 3 zero vectors, the middle part consists of 12 small vectors and the outer 

portion contains 6 medium and 6 large vectors, making 27 vectors in all, each representing a switching state. 

Fig.5 gives the control strategy of the proposed system.  
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Fig.4. Hexagonal contour containing all possible switching state combinations 

IV. SIMULATION RESULTS AND ANALYSIS 

 The software used for the simulations shown in this paper is MATLAB R2012a. The simulations have 

been performed in order to estimate the performance and efficiency of the proposed model. The inverter is 

given a source voltage of 360V from the PV array and the inverter output is synchronized to a grid 

connected system using split inductors. Closed loop voltage control is applied in the system, taking the three 

phase voltage output of the inverter. The switching pulses are calculated corresponding to the determined 

switching states. The IGBTs in the inverters are triggered using these pulses and the closed loop continues 

to function for subsequent cycles of operation as long as the source is supplied to the inverter. 

 

Fig.5. Control strategy for proposed system 
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Fig.6. NPC-MLI output voltage with grid connected system 

 

Fig 7. NPC-MLI output current with grid connected system 

    

Fig8. 3-Level NPC MLI Output Voltage 

 

Fig.9. Switching pulses for leg A of NPC-MLI 

International Journal of Pure and Applied Mathematics Special Issue

2092



 

 

Fig.6 and 7 shows the output voltage and current of NPC-MLI connected to a grid system. The output 

voltage of the three phase MLI is shown in Fig.8. Switching pulses for the leg A of NPC-MLI is given in 

Fig 9.  

                Fig.10. THD for output voltage of NPC-MLI                   Fig.11. THD for output current of NPC-MLI 

The Total Harmonic Distortion factor was estimated for output voltage and current for the NPC-MLI, which 

was found to be 0.00% in case of voltage and 1.52% in case of current at a fundamental frequency of 50Hz, 

as shown in fig.10 and 11.   

V. CONCLUSION 

This paper has analyzed a voltage controlled 3-Level NPC-MLI based HSVM with a grid connected PV 

system. The use of SVVC using hexagonal hysteresis areas ensures reduced THD and improved DC link 

voltage balancing in the capacitors of the NPC configuration. Reduced common mode voltage, and 

switching losses are other added benefits of the inverter configuration. The possible use of renewable solar 

energy and its conversion into a reliable three phase voltage supply has been dealt  in the paper. 
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