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Abstract: The main purposes of a transformerless grid-connected photovoltaic (PV) system 
consist of the reduction of leakage current, extraction of maximum power point (MPP), 
tracking of MPP (MPPT), controlling the active and reactive powers, and having the unity 
power factor. To achieve the above-mentioned aims, the following actions have been 
performed in this paper. First of all, a brief analysis of the transformerless PV system has 
been done by using the conventional full-bridge (FB) topologies with two bipolar and 
unipolar PWM techniques. Then, an effective solution has been also introduced to 
significantly reduce the leakage current in the conventional H5 FB topology. Moreover, a 
proper control method has been proposed by using the combination of the fractional open-
circuit voltage (FOCV) and the model predictive control (MPC) strategies to extract the 
MPP from PV panels, control the injection of the reactive power to the gird and have the 
unity power factor. At last, the simulation results performed in PSCAD software will be 
used to prove the correct performance of the proposed control method in the improved H5 
FB topology. 
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1 Introduction1 

HOTOVOLTAIC (PV) systems are mainly 
categorized as stand-alone and grid-connected 

systems. The stand-alone system directly supplies the 
power to a load or an electrical appliance. While the 
grid-connected systems not only supply the power to a 
load or an electrical appliance but also inject the power 
into the grid [1-3]. 
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   The grid-connected PV systems have various 
topologies by applying the interface converters. These 
converters can consist of single- or two-stage 
topologies [4-9]. The single-stage topology uses only 
one inverter in order to convert the DC-voltage to an 
AC-voltage and control the duty cycle of the inverter for 
extracting the maximum power point (MPP) from the 
PV panels [2], [4-6]. Whereas the two-stage topology 
applies two converters such as DC-DC and DC-AC (or 
inverter). In this topology, the DC-DC converter has 
been used to extract the MPP from the PV panels by 
controlling the duty cycle of the DC-DC converter. 
While an inverter has been used to convert the DC-
voltage to an AC-voltage and inject the active power 
into the grid by controlling the duty cycle of the 
inverter [5, 8, 9]. The two-stage structure compared to 
the single-stage one will have a good performance in 
terms of the MPP tracking (MPPT), but the total 
efficiency of the system can be decreased because of the 
presence of two converters [4, 5]. 

P 
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On the other hand, the PV systems are also categorized 
as transformer and non-transformer structures. The 
transformer topology in comparison with the non-
transformer topology can increase the safety and 
reliability of the system, but the total efficiency of the 
system will be decreased and the volume, weight, and 
cost of the system will be increased [10-13]. 
   It should be noted that one of the differences between 
the inverters used in renewable applications (such as 
PV, wind turbine, and FC systems) and the conventional 
inverters is that the input voltage of H-bridge is variable 
in the renewable systems. Therefore, the input power 
density of the inverters used in renewable applications 
should be able to handle a variable power density, 
which requires high efficiency over a wide range. If the 
inverter used in them is non-transformer topology, the 
efficiency will be high because the efficiency factor of 
the transformer does not apply to the total system 
efficiency. Nevertheless, the non-transformer topologies 
are less commonly used in practical applications in 
order to the safety and reliability issues [1, 11, 12]. It is 
noticeable that the necessary condition for the injection 
of active power from the PV panel to the power grid is 
having a voltage level higher than the grid voltage. 
Hence, one of the fundamental problems in non-
transformer structures is the need for a high voltage 
level in the PV panels, which will also increase the 
leakage currents of the PV panels. Increasing the 
leakage current also reduces the safety and reliability of 
the system [1, 3, 12]. Moreover, the dispersed capacities 
generated by the PV panel, especially in the rainy and 
polluted air, lead to flow a leakage current toward the 
ground. So that the protective fuses used in the system 
can be acted and the system will be cut-off. 
   Up to now, various topologies for a grid-connected 
PV system based on non-transformer have been 
introduced [11], [14-17]. Some of these topologies are 
the conventional FB (H4) inverter, the H5 from SMA 
Corporation, the H6 FB inverters, the HERIC topology 
from Sunways Company, FB inverter with DC bypass, 
high-efficiency inverter with H6-type configuration, and 
single-phase three-level diode-clamped inverter [14], 
[16-21]. 
   One of the main issues in the transformerless PV 
systems which should be noted is the reduction of 
leakage current toward the ground [14-16]. To 
overcome this problem, an efficient topology or a 
suitable PWM control method can be used [22]. 
Another fundamental issue in these systems is the 
extraction of MPP from the PV panels which can be 
achieved by using the maximum power point tracking 
(MPPT) control algorithms such as perturb and observe 
(P&O), incremental conductance (IncCond), fractional 
Open-Circuit Voltage (fractional Voc), fractional Short-
Circuit Current (fractional Isc), fuzzy logic control, 
neural networks [23-26]. Other important subjects in the 
transformerless PV systems consist of controlling the 
active and reactive powers and achieving the unity 

power factor [20-22]. 
   To obtain the above-mentioned issues, this paper is 
categorized as follows. In Section 2, a brief review of 
the operating principle of a grid-connected PV system 
based on the transformerless topology has been 
analyzed by using the conventional single-phase FB and 
H5 FB structures. In Section 3, an improved structure is 
presented for the conventional H5 FB inverter due to a 
reduction in the ground leakage current. By using the 
combination of the FOCV and the model predictive 
control (MPC) strategies, a suitable control method is 
proposed to achieve the MPP, less injection reactive 
power to the gird and unity power factor. In Section 4, 
the perfect function of the proposed control method with 
the related equations is presented. To demonstrate the 
analysis validity for the transformerless grid-connected 
PV system based on improved H5 FB topology with the 
related controller, the simulation results are provided in 
Section 5. 
 
2 Review of the Conventional Transformerless PV 
Systems Based on Full Bridge Topologies 

   Fig. 1 shows a transformerless grid-connected PV 
system by using the conventional single-phase FB 
inverter. In Fig. 1, the DC-link capacitor (CPV) is used to 
stabilize the input voltage of the PV array and create a 
smooth DC current at the input of H-bridge. To convert 
the PWM waveform to a sinusoidal waveform in the 
output of H-bridge, an inductor's filter (Lf) is applied. 
Since the generated oscillations in the voltage of the 
grid side are almost constant, a voltage stabilizer 
capacitor (CFix) will be also used. Considering Fig. 1, 
the ground leakage current (the common-mode current) 
flows in each of phase legs because of the variations in 
the common-mode voltage (vcm) [1, 3]. In order to the 
reduction of ground leakage current, the voltage across 
the capacitor (common-mode voltage) should be kept in 
a constant value [27]. Hence, the value of the common-
mode voltage (vcm) can be calculated as follows: 
 

2
an bn

cm

v v
v


  (1) 

 

where van and vbn are the output voltages for each of 
phase legs, respectively. 
 

 
Fig. 1 The transformerless grid-connected PV system by using 

the single-phase FB inverter [1, 27]. 
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   To control the switches of the FB inverter, various 
methods are available which one of them is the bipolar 
PWM (BPWM) modulation technique that is shown in 
Fig. 2. According to Figs. 1 and 2, if these switches 
have been switched by using the BPWM technique, the 
results at the first and second operation modes are 
respectively equal to (2) and (3) as follows: 
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(3) 

 

   According to (2) and (3), in the steady-state, the 
values of common-mode voltage are constant for two 
operation modes and the leakage current will be much 
lower. In the BPWM, not only whole switches are 
switched in low frequency (grid frequency) but also the 
zero states are not generated. However, due to the high 
switching losses and high current ripple, this switching 
method cannot be used in practice. To solve the BPWM 
problems, the unipolar PWM (UPWM) technique can be 
used. There are different strategies to control the 
switches of the FB inverter which are shown in Fig. 3. 
Considering the first technique shown in Fig. 3(a), 
nevertheless the zero states are generated but due to the 
switching of all switches in high frequency (switching 
frequency), an increase in switching losses will be 

caused. Hence, it cannot be suitable in practice. In the 
second UPWM technique shown in Fig. 3(b), opposite 
of the first technique, two switches (S1 and S2) are 
switched in grid frequency whereas the other two (S3 
and S4) are switched in switching frequency which 
causes a reduction in the switching losses. In this 
method, two operating modes can occur for the positive 
and negative half-cycles. Considering Fig. 3(b), the 
values of the common-mode voltage are different from 
zero to VPV, which causes an increase in the leakage 
current. Nevertheless, a reduction in the current ripple 
of the Lf inductor has happened because of generating 
the zero voltage. To solve this problem, the other two 
UPWM techniques will be applied as shown in 
Figs. 3(c) and 3(d). These strategies reduce the 
alteration of vcm value from VPV/2 to VPV in the third 
technique (Fig. 3(c)) and from zero to VPV/2 in the 
fourth one (Fig. 3(d)). 
   To overcome the problems of PWM control methods 
for the FB structure, the non-transformer topology such 
as H5 FB topology can be used which is shown in 
Fig. 4. Table 1 shows the different combinations of 
allowed switching states for switches of the H5 FB 
inverter. In Table 1, vab is the output voltage of the 
inverter. Considering Fig. 4 and Table 1, by using the 
third UPWM technique, the switches of the H5 FB 
inverter have three operating modes; which generate 
three levels of voltage (-VPV, 0, +VPV) in the output of 
the inverter. The switch of S5 is turned on when the 

 
 
 
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 The BPWM 
modulation strategy for the 

FB inverter. 

(a) (b) (c) (d) 
Fig. 3 The UPWM modulation strategies for the FB inverter: a) First technique, b) Second technique, 

c) Third technique, and d) Fourth technique. 
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output voltage of the inverter (vab = vinv) is equal to +VPV 
or -VPV. So, we can write: 
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   It is noticeable that in the positive and negative half-
periods, the switch of S5 is switched respectively in the 
switching and grid frequencies. According to Fig. 4, to 
calculate the zero voltage in the output H5 inverter at 
the positive and negative half-periods, we can write: 
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   Considering (6), if the division of the input source 
voltage among S2, S4, and S5 switches has been correctly 
done, the values of van and vbn will be equal to VPV/2, 
which the vcm = VPV/2. But due to the presence of the 
non-ideal commutations and parasitic capacitors and 
inductances, the voltage across the S5 switch is almost 
equal to 2VPV/3 whereas it is VPV/3 for S2 and S4 
switches. Hence, the values of the common-mode 
voltage for positive half-period can be obtained as 
follows: 
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   From (4) to (7), it can be concluded that the amplitude 
 

 
Fig. 4 The transformerless grid-connected PV system by using 

the single-phase based on H5 FB inverter [1, 27]. 
 

Table 1 The permissible switching states for switches of the 
single-phase H5 FB inverter. 

Allowed switching states 
vab 

S1 S2 S3 S4 S5 
ON OFF OFF ON ON +VPV 
ON OFF ON OFF OFF 0 
OFF ON ON OFF ON –VPV 

variation of vcm will be between VPV/3 and VPV/2 in the 
positive and negative half-periods, which has been also 
proved in the simulation results. Hence, the ground 
leakage current will be increased. 
 
3 Improved Topology 

   The conventional H5 FB inverter for producing zero 
voltage states at positive and negative half-periods has 
various values for the common-mode voltage [1, 27]. To 
overcome this problem, an effective solution is 
introduced in this paper which causes much more 
reduction in the ground leakage current. Fig. 5 shows 
the improved H5 FB topology. This topology uses an 
extra diode in the DC-link side to eliminate the variation 
of vcm at two half-periods. Considering Table 1, the 
permissible switching states with the values of van, vbn, 
and vcm for the conventional and improved H5 FB 
topologies by using the UPWM strategy are shown in 
Fig. 6. According to Figs. 5 and 6(b), it can be seen that 
the value of the common-mode voltage at one cycle is 
fixed (vcm = VPV/2) due to the addition of an extra diode 
in the improved topology. It should be noted that to 
generate the zero voltage at two half-cycles, the switch 
of S5 is turned off whereas the diode of D is turned on. 
Hence, the values of van and vbn are equal to VPV/2 which 
causes a constant value for vcm. On the other hand, the 
voltage across the S5 switch is limited to VPV/2 in the 
improved topology. 
   As shown in Fig 6, the voltage across the capacitor 
(common-mode voltage) in the improved topology has 
been kept at the constant value (vcm = VPV/2), whereas it 
is variable from VPV/3 to VPV/2 in the conventional H5 
FB topology [1, 27]. So, not only the ground leakage 
current has been significantly reduced in the improved 
topology due to the existence of D diode, but also the 
safety and reliability of the system are increased due to 
the presence of S5 switch (isolation issue). 
 
4 Proposed Control Method Based on the 
Combination of the FOCV and MPC Strategies 

   Fig. 7 shows a general block diagram of the improved 
grid-connected PV systems with the proposed control 
method by exploiting the FOCV and MPC strategies. To  
 

 
Fig. 5 The improved topology of the H5 FB inverter. 

 

1PVC

PVI

ov

1S

4S2S

3S




invab vv 




~ gvFixC

fL

oi
a

b

p

n
cmC




cmv cmi

Ground

PV

p

5S

PVV

2
PVV





2
PVV









2PVC

D





PVVPVC

dci

PV

PVI

ov

1S

4S2S

3S




invab vv 




~ gvFixC

fL

oi

PVCi

a

b

p

n
cmC




cmv cmi

Ground

5S



An Improved Transformerless Grid-Connected PV System With 
 

… T. Ahmadzadeh et al. 
 

Iranian Journal of Electrical and Electronic Engineering, Vol. 16, No. 4, December 2020 517 

 

  
(a) (b) 

Fig. 5 The UPWM strategy: a) For the conventional H5 FB 
inverter and b) For the improved H5 FB inverter. 

 
trace the MPP of the PV panel at any time, the voltage 
and current values of the PV panels are needed which 
can be achieved by two voltage and current sensors. The 
output of the MPPT block indicates the direction of 
motion. In some advanced MPPT methods, the value of 
motion direction can also be given. Since the MPP 
algorithm provides the best work point for values of 
V*

PV = VMPP and I*
PV = IMPP, the value of MPP can be 

calculated by the equation of PPV = V*
PV×I*

PV = 
VMPP×IMPP. Due to the existence of the losses in the 
inverter, the values of the input and output powers are 
not equal to each other. Hence, the inverter 
efficiency (ηinv) should be considered in calculating the 
value of the output power. 
 

, , ( )o inv inv i inv inv MPP inv MPP MPPP P P V I       
 

(8) 
 

where Pi,inv and Po,inv are the input and output powers of 
the inverter, respectively. 
   Another point in the design of interface inverters is 
that the input current ripple of the inverter must be 
attempted to be close to the zero (Δidc → 0), because the 
high ripple of the inverter input current causes the 
reduction of PV panel efficiency. In other words, in 
spite of achieving the MPP, the current ripple leads to 

the power losses and MPP will fluctuate around the 
optimal work point. To overcome this problem, a filter 
of the inductor and capacitor (LC filter) is used for the 
input of advanced inverters in renewable energy 
applications. But the inductor is eliminated in simpler 
inverters and only a large capacitor is used (Fig. 5). The 
used capacitor in the input of the inverter will act as an 
integrator. The input current ripple of the inverter can be 
smoother when the capacity of a capacitor has been 
increased. Moreover, the voltage across the CFix 
capacitor (vo) is a sinusoidal waveform with the 
amplitude of Vm. It is necessary to explain that the phase 
difference between the voltage of vo and network 
voltage (vg) is very little (almost 1 to 2 degrees). Thus, 
the phase of them will be approximately the same. 
   In this paper, to extract the MPP from the PV panels, 
the FOCV (fractional VOC) algorithm will be applied. 
This algorithm is one of the simplest and easiest 
techniques for MPP tracking. The operation principle of 
the FOCV technique is based on multiplying the open-
circuit voltage of the panel at a constant value 
(VMPP ≈ aVoc), in which the value of a can be deferent 
among 0.71 to 0.78 by considering the characteristic of 
PV array [23-26]. 
   Moreover, the purpose of selecting the MPC control 
method in this paper is controlling the active and 
reactive powers and achieving the unity power factor. In 
the MPC algorithm, a sine reference current (io,ref) with 
the amplitude of Im,ref (which is determined by the 
controller) is firstly defined. Then, the control circuit 
will be designed in order that the inverter output 
current (io) be able to track the reference current. The 
operation principle of the MPC control strategy is 
shown in Fig. 8. Since the reference current is a 
sinusoidal waveform, it has a lower total harmonic 
distortion (THD). 
   In addition, because the phase of this current is as 
same as the grid voltage phase, the reactive power 
injection into the grid will be approximately equal to 
zero (Q ≈ 0). By assuming that the io is able to track the 
io,ref, the average injunction power (Po,ave) can be 
calculated as follows: 
 

2

, ,

0

2

,

0

,

1
( ) ( ) ( )

2

1
( sin ) ( sin )

2

2

o ave o o ref

m m ref

m m ref

P t v t i t d t

V t I t dt

V I





   


 











   

 
 
 
 

 
(9) 

 

In (9), the amplitude of reference current (Im,ref) is 
unknown. Therefore, by considering the relations 
obtained from (8) and (9), we will have: 
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Fig. 7 Block diagram of a grid-connected PV system with the proposed control method based on FOCV and MPC algorithms. 

 

 
 
 
 

 
 
 

Fig. 8 The MPC control strategy. Fig. 9 The generation process of the reference 
current amplitude. 

Fig. 10 The simplified 
equivalent circuit for Figs. 1, 

4, and 5. 
 

From (10), Im,ref is equal to: 
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   In the proposed control method, to generate the 
amplitude of sine reference current (Im,ref), the following 
processes will be performed. First, the PV voltage 
generated by the PV panel (VPV) will be compared with 
the PV reference voltage (VPV,ref = VMPP) which is 
achieved by applying the FOCV algorithm. Then, the 
obtained result of the comparison should be given to the 
input of a PI controller. Finally, the PI controller output 
will apply to the input of a low-pass filter. The obtained 
result of the output of the low-pass filter will generate 
the optimum value of Im,ref. Fig. 9 shows the generation 
process of the amplitude of the reference current. 
Fig. 10 shows the simplified equivalent circuit for Figs. 
1, 4, and 5. Considering this figure, the output voltage 
of the inverter (vab = vinv) can have three values which 
are -VPV, 0, and +VPV (Fig. 8). 
   By writing the voltage law of Kirchhoff for the 
equivalent circuit shown in Fig. 9, we will have: 
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   Considering Fig. 7, (12) can be rewritten for the time 
of t = k: 
 

 ( ) ( 1) ( ) ( ) ( )f
inv o o f o o

L
v k i k i k R i k v k

T
    

  

(13) 

where T is the decision-making period and f = 1/T is the 
decision-making frequency. Also, io(k+1) is the 
estimated current in the next step. 
   Since the voltage variation across the stabilizer 
capacitor (ΔVCFix) is very little for the steps of t = k and 
t = k+1, the value of vo(k) will be approximately equal to 
the value of vo(k+1). 
   From (13), the estimated current of io(k+1) can be 
calculated as follows: 
 

 ( 1) ( ) ( ) ( ) ( )o inv f o o o
f

T
i k v k R i k v k i k

L
    

  

(14) 

 

   According to Fig. 8 and (14), in time of t = k+1, the 
three values of -VPV, 0 and +VPV can be selected for the 
output voltage of the inverter. Thus, the estimated 
current of io(k+1) is compared with the reference current 
of io,ref(k+1) for all three values of -VPV, 0, and +VPV, in 
the first place. So we have: 
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Then, the smallest obtained value for the estimated 
current of io(k+1) is chosen as the closest one to the 
reference current of io,ref(k+1). So we can write: 
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   It should be noted that the controller circuit has been 
applied at discontinuous times which means in each 
certain intervals of time, an interruption interval is 
considered for the control circuit. So that the controller 
circuit checks the existing conditions at different 
moments (such as t = 0, t = k-1, t = k, t = k+1, etc.) and 
at last a decision-making process will be performed. 
Considering (12) to (16) and Fig. 8, the value of io is 
equal to zero in t = 0 and besides for tracking of the io,ref, 
the S1 and S4 switches must be turned on. In other 
words, to produce a positive current, the output voltage 
of the inverter should be a positive value. Moreover, the 
value of io is smaller than the value of io,ref in the time of 
t = k (Fig. 8). Hence, the S1 and S4 switches are also 
turned on to track the io,ref. While at the time of t = k-1, 
the value of io is greater than the value of io,ref. Thus, to 
track the io,ref by io, either the S2 and S3 switches (which 
means the production of a negative voltage) or the S1 
and S3 switches (which means the production of a zero 
voltage) must be turned on. As a result, the main 
advantages of the MPC technique are the selection of 
switching with the lowest losses, the proper tracking of 
sine reference current by the inverter output current and 
controlling the active and reactive powers. It is 
noticeable that, in the proposed control method based on 
FOCV and MPC, to obtain the value of MPP can be also 
simply used the other of more exact algorithms for 
MPPT because it creates not only any limitation and 
interference but also it can increase the accuracy of the 
control method. 
 
5 Simulation Results 

   To validate the system performance, the simulation is 
performed in the PSCAD software. The used parameters 
in the simulation are shown in Table 2. The simulation 
results for different conditions of the sun's radiation 
intensity and environment temperature are shown in 
Figs. 11 to 16. 
   Figs. 11 and 12 show the operating principle of the 
conventional and improved H5 FB inverters by using 
the UPWM strategy shown in Fig. 6, respectively. In the 
conventional H5 topology, the value of the common-
mode voltage at positive half-period due to (4) and (7)  
 

Table 2 Used parameters in the simulation. 
Open-circuit voltage Voc 450 V 
Short-circuit current Isc 8 A 
Factor of the FOCV a 0.74 
DC-Link capacitor CPV 3300 μF 

Output filter values 
RF 0.1 Ω 
LF 15 mH 

Stabilizer capacitance values 
CFix 0.1 μF 
RFix 0.1 Ω 

Grid impedance 
Rg 0.1 Ω 
Lg 1 mH 

Grid voltage amplitude Vm 310 V 
Grid frequency fg 50 Hz 
Decision frequency f 10 Hz 
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In the following, at negative half-period, the value of vcm 
considering (6) and (7) will be equal to: 
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(a) (b) 

Fig. 11 The UPWM technique for the conventional H5 FB 
inverter: a) A part of positive half-period and b) A part of 

negative half-period. 
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   Considering the four equations above and Figs. 6(a) 
and 11, the amplitude variation of vcm is between VPV/3 
and VPV/2 at the positive and negative half-periods for 
the conventional H5 FB topology. Whereas, it is 
constant and equal to VPV/2 for the improved topology 
which is shown in Figs. 6(b) and 12. 
   As a result, the obtained simulation results in 12 prove 
that the improved H5 topology has constant variation in 
one cycle, which means having more lower leakage 
current. On the other hand, the voltage across the S5 
switch is limited to VPV/2 in the improved topology, 
whereas it is 2VPV/3 in the conventional topology 
(Fig. 11). 
   Fig. 13 shows the harmonic contents for the 
conventional and improved H5 FB inverters. The 
harmonic components have been decreased in the 
improved topology (Fig. 13 (b)). 
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(a) (b) 

Fig. 12 The UPWM technique for the improved H5 FB 
inverter: a) A part of positive half-period and b) A part of 

negative half-period. 

   Figs. 14 to 16 verify the correctness principle of the 
proposed control method based on the combination of 
the FOCV and MPC techniques for the improved H5 FB 
topology. During the time intervals of simulation, the 
solar radiation is variable from 600 W/m2 to 
1000 W/m2, and the environment temperature differs 
from 20°C to 40°C. Fig. 14 shows the characteristic 
curve of the PV panel voltage in terms of the PV panel 
power (VPV–PPV) under different conditions of solar 
radiations and temperatures. Fig. 15 has been presented 
to analyze the operation of the FOCV algorithm by 
MPP extraction from the PV panel under different 
situations of weather. To prove this issue, the voltage of 
the PV panel (VPV) should be able to track the PV 
reference voltage (VPV,ref) besides the decreasing and 
increasing of values of VPV,ref. According to Figs. 14 and 
15, it has been observed that notwithstanding the 
alteration of weather conditions, the MPP point changes 
from 1.5 to 2.5 kW, which demonstrates the correct 
performance of the FOCV algorithm. 
   The main purpose of the MPC technique is controlling 
the active and reactive powers and achieving the unity 
power factor by proper tracking of reference  
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Fig. 13 The harmonic components: a) For conventional 
topology and b) For improved topology. 

 

 
Fig. 14 Characteristic curve of PV panel voltage for improved 

topology in terms of PV panel power (VPV–PPV) under 
different circumstances of sun’s radiations and temperatures. 
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MPPT algorithm
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Fig. 15 Simulations results under different conditions of sun’s 
radiations and temperatures for the improved H5 FB inverter 

included sun’s radiations (G(W/m2)), temperature (T(°C)), the 
voltage, current, and power of PV panel (VPV, IPV, and PPV) 

and output power of inverter, respectively. 
 
current (io,ref) by the inverter output current (io). Fig. 16 
illustrates tracking of io,ref by io under different 
circumstances of weather for the improved H5 topology. 
It is clear that the reference current (io,ref) will alter due 
to the change in solar radiation and temperature. 
Considering Fig. 16, it is observed that the phase of the 
reference current is as same as the grid voltage phase. 
Hence, the reactive power injection into the grid will be 
approximately equal to zero (Q ≈ 0). Fig. 16 proves the 
correct performance of the MPC controller under 
different circumstances of the sun’s radiations and 
temperatures. As a result, the obtained simulation 
results confirm the good operation of the 
transformerless PV system based on the improved H5 
FB inverter with the proposed control method by 
exploiting the FOCV and MPC strategies. 
 
6 Conclusion 

   In this paper, several fundamental solutions which 
were simultaneously considered for a transformerless 
grid-connected PV system based on the improved H5 
FB topology with the proposed control method by 
exploiting the FOCV and MPC techniques are 
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Fig. 16 Simulations results under different conditions of sun’s 
radiations and temperatures for the improved H5 FB inverter 
included sun’s radiations (G(W/m2)), temperature (T(°C)), 

tracking of io,ref by io, the output voltage of the inverter (vinv), 
and the voltage across stabilizer capacitor (vo), the voltage and 

current of grid (vg and ig), respectively. 
 

respectively used for the more reduction of leakage 
current and switching losses, extraction of MPP and 
MPPT, and controlling the active and reactive powers. 
To prove the correct performance of the improved PV 
system with the proposed related controllers, the 
simulations were performed under different 
circumstances of sun radiations and temperatures. To 
confirm the operation of improved H5 FB inverter with 
the UPWM modulation technique, the simulation results 
indicated that the improved topology had been 
faultlessly reduced the ground leakage current. 
Moreover, to demonstrate that MPPT is exactly 
executed under different conditions of weather by using 
the proposed controller, the simulation results were 
exhibited. At last, to validate the suitable performance 
of the MPC controller for controlling the active and 
reactive powers, the simulation result was illustrated 
accurate tracking of the reference current (io,ref) by the 
inverter output current (io). 
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