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ABSTRACT: Environmental pollution and economic issues are major problems that results in 

ascending increase of renewable sources such as solar energy. In order to utilize the current 

infrastructure of the grid for power transmission and distribution, grid-connected DC-to-AC inverters 

are needed. However, previously introduced inverters has a two power stage structure or a cascaded 

structure that increase the power losses and the complexity of the circuit. A new three-phase boost type 

grid connected inverter, which can be controlled by a new control methodology is proposed in this 

paper.  The proposed inverter has only a single power stage converting DC power to AC power by 

injecting three sinusoidal currents into grid, which greatly reduces power losses and the complexity of 

the circuit. Also the proposed inverter can deliver active power from photovoltaic (PV) to the grid 

while continuously tracking maximum power point (MPP). This topology has several desirable features 

like simple circuitry, good stability and fast dynamic response. Operation principle, theoretical 

analysis and design of the proposed topology are discussed. Simulation results performed in 

MATLAB/SIMULINK software show the effectiveness of the proposed inverter topology. 
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INTRODUCTION 
 

In recent years, PV systems have been widely used as an alternative power supply from natural energy. 

In such system, the PV inverter is required for interconnecting the grid and the PV system. In particular, 

the PV inverter is strongly required to achieve high efficiency [1-5]. The PV inverter is composed of a 

boost converter and an inverter. The boost converter is used to control the DC-link voltage, whereas 

the inverter converts the DC power to AC power. That is called Conventional PV systems or two-stage 
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systems, In those Conventional PV systems, a high-voltage DC-link capacitor is required with a large 

capacitance, which absorbs a power fluctuation caused by grid that increase the volume of the PV 

systems. Besides, the output voltage of PV modules is not high enough, that added a DC-DC boost 

converter that complicated the system [6]. Although these two stage systems are simple, they suffer 

from low efficiency, less reliability, more losses, and high cost [7]. On the other hand, the single-stage 

systems have been proposed in order to unify the DC-DC boost converter and the inverter. They are 

more reliable than multi-stage systems and offer higher efficiency. Furthermore, they have lower 

component than two stage systems that reduce the number of the switching devices, consequently 

increase the system power density [8-12]. 

 

As the generated power of the PV system depends heavily on the weather conditions and the solar 

radiation, the control of maximum power point tracking (MPPT) for the solar array is essential in a PV 

system. A large number of MPPT methods have been developed. Of these methods are perturb and 

observe (P&O), incremental conductance (IC), fractional short circuit current, fractional open circuit 

voltage, fuzzy logic based MPPT, and neural network based MPPT, Sweep MPPT method etc.. 

Although theses MPPTs methods are simple to implement, they have drawbacks such as power loss, 

oscillatory around MPP, and grid harmonics generated [13-17]. 

 

This paper proposes a topology of three-phase boost inverter connected with the grid. The proposed 

inverter has only a single power stage, converting DC power to AC power by injecting three sinusoidal 

currents into grid, which greatly reduces power losses and the complexity of the circuit. A new control 

circuit methodology is proposed. The proposed inverter is supplied from PV system that could feed the 

grid by electrical power with low harmonics produced while continuously tracking maximum power 

point (MPP). The proposed inverter topology and principle of operation will be explained. Also the 

state equations and the operation modes that describe the proposed topology are defined, then the 

waveforms of voltage, current and their harmonics spectrum are discussed and verified in detail. Finally 

simulation results performed in MATLAB/SIMULINK software shows the effectiveness of the 

proposed inverter when tied with the grid.  
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THE DESCRIPTION OF POWER TOPOLOGY PROPOSED  
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Fig. 1 The proposed boost inverter connected with the grid. 
 

 

 

The circuit diagram of a grid-connected three-phase single-stage boost inverter is presented in Fig. 1. 

In this figure, 𝑣𝑝𝑣 is provided from the PV source, 𝐿𝐵, 𝑎𝑛𝑑 𝑅𝐵 is the boost inductor and its resistance, 

Delta connection capacitors represented by 𝐶𝑎𝑏 , 𝐶𝑏𝑐, 𝑎𝑛𝑑 𝐶𝑐𝑎. As can be seen in this figure, the boost 

inverter is connected to the grid 𝑣𝑠𝑎 , 𝑣𝑠𝑏 , 𝑎𝑛𝑑 𝑣𝑠𝑐   through a grid interconnecting inductor 𝐿𝑔, , which 

is required for power flow control as well as filtering the injected current to the grid. Finally six power 

switches 𝑆1, 𝑆2, 𝑆3, 𝑆4, 𝑆5, 𝑎𝑛𝑑 𝑆6 to regulate the power delivered to the grid. 

MODES OF OPERATIONS FOR THE TOPOLOGY PROPOSED  

This section briefly describes the modes of operations for each switching state. There are six switching 

states defined by (ab, ac, bc, ba, ca, and cb) to generate three phase sinusoidal voltages. Each switching 

state has two modes, namely charging and discharging state. During the charging times the magnetic 

energy in 𝐿𝐵 and the dc- current increased, while during the discharging time intervals, this current is 

injected to the output circuit. 
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A. At switching state (ab) 
  

Mode 1: During this mode, only the switches S1 and S4 are closed, energy is stored in the inductor 𝐿𝐵 

and inductor current increased. The energy stored in the delta connection capacitor 𝐶𝑎𝑏,  𝐶𝑏𝑐, and 𝐶𝑐𝑎 

is going to the grid. Equivalent circuit during this mode as shown in Fig. 2 (a). Equations could be 

written as (assuming ideal switches): 

𝑣𝑎𝑏 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                              (1) 

𝑣𝑏𝑐 = 𝑣𝑠𝑏 − 𝑣𝑠𝑎                                                                                (2) 

𝑣𝑐𝑎 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                 (3) 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
                                                                 (4) 

Mode 2: During this mode, only the switches S1 and S6 are closed, the energy in the inductor 𝐿𝐵 is 

transferred to the grid and capacitors 𝐶𝑎𝑏,  𝐶𝑏𝑐, and 𝐶𝑐𝑎, and  the voltage across the inductor 𝐿𝐵 is 

reversed. The equivalent circuit during this mode is shown as in Fig. 2 (b). Equation could be written 

as (assuming ideal switches): 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
+ 𝑣𝑎𝑏                                                         (5) 

𝑣𝑎𝑏 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                                  (6) 

𝑣𝑏𝑐 = 𝑣𝑠𝑏 − 𝑣𝑠𝑐                                                                                    (7) 

𝑣𝑐𝑎 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                   (8) 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0                                                                                   (9) 
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(a)                                                                                                               (b) 

Fig. 2; (a) Equivalent circuit during Mode 1, and (b) Equivalent circuit during Mode 2. 

B. At Switching state (ac) 

Mode 3: Similarly as in mode 1, when switches S1 and S4 are closed, energy is stored in the inductor 

LB and inductor current increased. The energy stored in the delta connection capacitor 𝐶𝑎𝑏, 

 𝐶𝑏𝑐, and 𝐶𝑐𝑎 is going to the grid. This mode equations are the same of mode 1. Equivalent circuit 

during this mode as shown in Fig. 3 (a). 

Mode 4: The same sequence of mode 2 is done as when switches S1 and S2 are closed, the energy in 

the inductor LB is transferred to the grid and capacitors 𝐶𝑎𝑏,  𝐶𝑏𝑐, and 𝐶𝑐𝑎, and  the voltage across the 

inductor LB is reversed. The equivalent circuit during this mode is shown as in Fig. 3 (b). Equation 

could be written as (assuming ideal switches): 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
− 𝑣𝑎𝑐                                                              (10) 

𝑣𝑎𝑐 = −𝑣𝑎𝑏 − 𝑣𝑏𝑐                                                                                  (11) 

𝑣𝑎𝑏 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                                       (12) 

𝑣𝑏𝑐 = 𝑣𝑠𝑏 − 𝑣𝑠𝑐                                                                                         (13) 

𝑣𝑎𝑐 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                         (14) 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0                                                                                       (15) 
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Fig. 3; (a) Equivalent circuit during Mode 3, and (b) Equivalent circuit during Mode 4. 

C. At Switching state (bc) 

Mode 5 (S3 and S6 are closed): Similarly as in mode 1. Fig. 4 (a) shows the equivalent circuit during 

this mode. 

Mode 6 (S3 and S2 are closed): The same sequence of mode 2 is done. Fig. 4 (b) shows the equivalent 

circuit during this mode. Equations could be written as: 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
+ 𝑣𝑏𝑐                                                             (16) 

𝑣𝑏𝑐 = −𝑣𝑎𝑏 − 𝑣𝑐𝑎                                                                                  (17) 

𝑣𝑎𝑏 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                                     (18) 

𝑣𝑏𝑐 = 𝑣𝑠𝑏 − 𝑣𝑠𝑐                                                                                       (19) 

𝑣𝑐𝑎 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                       (20) 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0                                                                                     (21) 
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(a) (b) 

Fig. 4; (a) Equivalent circuit during Mode 5, and (b) Equivalent circuit during Mode 6. 

D. At Switching state (ba) 

Mode 7 (S3 and S6 are closed): Similarly as in mode 1. Fig. 5 (a) shows the equivalent circuit during 

this mode. 

Mode 8 (S3 and S4 are closed): The same sequence of mode 2 is done. Fig. 5 (b) shows the equivalent 

circuit during this mode. Equations could be written as: 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
− 𝑣𝑏𝑎                                                             (22) 

𝑣𝑏𝑎 = 𝑣𝑏𝑐 + 𝑣𝑐𝑎                                                                                       (23) 

𝑣𝑏𝑎 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                                       (24) 

𝑣𝑏𝑐 = 𝑣𝑠𝑏 − 𝑣𝑠𝑐                                                                                         (25) 

𝑣𝑐𝑎 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                          (26) 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0                                                                                         (27) 
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(a)  (b) 

Fig. 5; (a) Equivalent circuit during Mode 7, and (b) Equivalent circuit during Mode 8. 

E. At Switching state (ca) 

Mode 9 (S5 and S2 are closed): Similarly as in mode 1. Fig. 6 (a) shows the equivalent circuit during 

this mode. 

Mode 10 (S5 and S4 are closed): The same sequence of mode 2 is done. Fig. 6 (b) shows the equivalent 

circuit during this mode. Equations could be written as: 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
+ 𝑣𝑐𝑎                                                              (28) 

𝑣𝑐𝑎 = −𝑣𝑎𝑏 − 𝑣𝑏𝑐                                                                                   (29) 

𝑣𝑎𝑏 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                                       (30) 

𝑣𝑏𝑐 = 𝑣𝑠𝑏 − 𝑣𝑠𝑐                                                                                          (31) 

𝑣𝑐𝑎 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                          (32) 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0                                                                                        (33) 



International Journal of Engineering and Advanced Technology Studies 

Vol.7 No.1, pp.1-16, June 2019  

                    Published by European Centre for Research Training and Development UK (www.eajournals.org) 

9 
Print ISSN: 2053-5783(Print), Online ISSN: 2053-5791(online) 
 

a

cab

cbc

cca
b

c

ipv

LBRB

vpv

PV

``

vSa

vSb

vSc

ia

ib

ic

ipv

LB c

cca

cabcbc

a

b

PV
vpv

RB

``

vSa

vSb

vSc

ia

ib

ic

 
(a)  (b) 

Fig. 6; (a) Equivalent circuit during Mode 9, and (b) Equivalent circuit during Mode 10. 

F. At Switching state (cb) 

Mode 11 (S5 and S2 are closed): Similarly as in mode 1. The equivalent circuit during this mode is as 

shown in Fig. 7 (a).  

Mode 12 (S5 and S6 are closed): The same sequence of mode 2 is done. Fig. 7 (b) shows the equivalent 

circuit during this mode. Equations could be written as: 

𝑣𝑝𝑣 = 𝑖𝑝𝑣 𝑅𝐵 + 𝐿𝐵

𝑑𝑖𝑝𝑣

𝑑𝑡
+ 𝑣𝑐𝑏                                                             (34) 

𝑣𝑐𝑏 = 𝑣𝑎𝑏 + 𝑣𝑐𝑎                                                                                      (35) 

𝑣𝑎𝑏 = 𝑣𝑠𝑎 − 𝑣𝑠𝑏                                                                                      (36) 

𝑣𝑐𝑏 = 𝑣𝑠𝑏 − 𝑣𝑠𝑐                                                                                        (37) 

𝑣𝑐𝑎 = 𝑣𝑠𝑐 − 𝑣𝑠𝑎                                                                                        (38) 

𝑖𝑎 + 𝑖𝑏 + 𝑖𝑐 = 0                                                                                       (39) 
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(a)  (b) 

Fig. 7; (a) Equivalent circuit during Mode 11, and (b) Equivalent circuit during Mode 12. 

Where 𝑣𝑎𝑏 is the difference voltage between point (a) and point (b), 𝑣𝑏𝑐 is the difference voltage 

between point (b) and point (c), 𝑣𝑐𝑎 is the difference voltage between point (c) and point 

(a), 𝑖𝑎, 𝑖𝑏, 𝑖𝑐 are the three phase grid currents, and 𝑖𝑝𝑣 is the source PV current. 

PROPOSED CONTROL STRATEGY 

Because of the nonlinear characteristic of PV arrays, maximum power cannot be achieved by directly 

connecting the PV arrays. As mentioned before, there are a lot of methods of MPPT used. Due to their 

problems encountered, such as power loss, harmonics and problems due to on line measurements. A 

new MPPT control method is introduced with the proposed inverter control strategy. This new MPPT 

control method got the voltage at maximum power point 𝑣𝑚𝑝𝑝 easily, that is achieved by determining 

a reference voltage refers to 𝑣𝑚𝑝𝑝 and put it as a reference signal as shown in Fig. 8. The voltage of the 

PV source 𝑣𝑝𝑣 is then compared with the reference voltage 𝑣𝑚𝑝𝑝 and is going through PI controller, the 

output of the PI controller is multiply with the three phase grid voltages generating 𝑖𝑚𝑝𝑝 for each phase. 

This output of 𝑖𝑚𝑝𝑝 for each phase is confront with the PV current 𝑖𝑝𝑣, then the outcome is passed 

through a hysteresis controller. The result of that hysteresis controller is compared with the logic 

control signals through the mode selector block producing the gate pulses to the power switches. These 
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logic control signals resulted by the help of logic AND&OR gates that compare the three phase grid 

voltages to detect each switching state that are the higher value of each phase of the grid voltages.  
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Fig. 8 The proposed control strategy. 

SIMULATION RESULTS 

In order to validate the theoretical analysis, the three-phase boost inverter with the proposed control 

strategy has been built and simulated. Simulation is carried out to determine the characteristics of the 

proposed circuit. The output of the inverter is connected to a 50 Hz sinusoidal voltage for grid 

connected operation. The simulations are conducted in MATLAB/SIMULNK software, with 

parameters listed in Table 1.  The PV voltage is determined by connecting three module in series that 

its electrical characteristics is mentioned as Table 2 for each module.  
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Table 1, Parameters of the boost inverter. 

Item Symbol Value 

Coil Resistance RB 0.5 Ω 

Coil Inductance 𝐿𝐵 20 mH 

Capacitor Capacitance 𝐶ab, 𝐶bc, 𝐶ca 50 μF 

AC grid voltage (RMS) 𝑣𝑠𝑎 , 𝑣𝑠𝑏 , 𝑣𝑠𝑐 220 V,50 HZ 

Grid Inductance 𝐿𝑔 10 mH 

 

Table 2, Electrical characteristics of the PV module at standard test conditions. 

Electrical Characteristics Value 

𝐼𝑠𝑐  (𝐴) 8 

𝑉𝑜𝑐 (𝑉) 37.39 

𝐼𝑚𝑝 (𝐴) 7.19 

𝑉𝑚𝑝 (𝑉) 27.8 

𝑃𝑚𝑎𝑥  (𝑊) 200 

By applying a step change in radiation by decreasing it from radiation Ir =1000 to Ir =900 w/m2, and 

by using the new technique of MPPT that determine the voltage at MPP as a reference voltage by 

experimental measurements for different radiations levels. As could be seen from table 2 that each 

module has 𝑣𝑚𝑝𝑝 =27.8 volt at Ir =1000 w/m2. From the experimental results and for any radiation 

levels if 𝑣𝑚𝑝𝑝 is set equal to 26.5 volt, the loss in 𝑝𝑚𝑝𝑝 (power at 𝑣𝑚𝑝𝑝) is approx. nonexistent. That is 

evident from simulation results as shown in Fig. 9. 

Fig. 9 (b, and c) illustrate that with the insolation is changed from Ir =1000 to Ir =900 w/m2. The 

injected PV output power and current are nearly close to both the maximum power 𝑝𝑚𝑝 and maximum 

current 𝑖𝑚𝑝 and decreased with insolation decreased. Fig. 9 (d) shows the PV output voltage is constant 

at the value of 79.5 volt, that is the product of 3 module* 26.5 volt, reference value for each module. 

That ensure the availability of control methodology proposed. 

Fig. 9 (e, and g) ensures that the new topology and its control structure are capable of boosting the 

input DC voltage to the required AC level with almost sinusoidal characteristics, also with the variation 

of insulation from Ir =1000 to Ir =900 w/m2 the proposed control strategy ensures that the PV system 

proposed supply the grid by approx. constant symmetrical output voltages and currents having a pure 

sine wave with very low harmonics component as shown in Fig. 9 (f, and h). As it could be seen from 

the figures that THD for the injected voltages is 1.6% and 2.1% for the injected currents.  
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(g) 

 

(h) 

Fig. 9  Variation of PV power, PV current, and PV voltage, injected voltages, and currents with their 

harmonics using MPPT proposed method with a step change in radiation from Ir =1000 to Ir =900 

w/m2. 

CONCLUSION 

In this paper, a three-phase boost type grid-connected inverter is proposed. A new control methodology 

is proposed also for that type of grid-connected inverter. It has only a single power stage which greatly 

reduces power losses and the complexity of the circuit. The proposed inverter can convert DC power 

into AC power by injecting three sinusoidal currents to the grid with low total harmonic distortions 

(1.6% for injected voltages and 2.1 for injected currents). The proposed topology has several desirable 

features like simple circuitry, good stability and fast dynamic response. The proposed circuit topology 

offers a good harmonic profile and regulation of the injected voltages and currents waveforms when 

applying the MPPT control algorithm, as evidenced from the simulation studies when tied with the 

grid. 
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