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Abstract. Since the calculation of the active and reactive power is considered an essential 
topic nowadays, the novel method is focused on these calculations with omitting the PLL 
that   will  decrease  the   complexity  of  the   control  process.   To   get  the   maximum 
photovoltaic (PV) output, the maximum power point tracker (MPPT) algorithm has been 
integrated with the proposed method. MATLAB/SIMULINK  has  been used to  show the 
performance of the proposed method. The simulation outcomes verify the advantage of 
the  novel method  by  improving the  total  harmonic  distortion (THD)  and  the  system 
stability regardless of load changes. 
Keywords:  Power Conversion, PLL, SVPWM, Single-phase inverter, THD  

Introduction 

Nowadays,   active   and    reactive   power   is 
considered an essential topic in the industry. Aside 
from   environmental   advantages,    photovoltaic 
systems are considered a perfect source for real 
and reactive power [1]. PV systems connect to the 
utility in  several ways, such as  stand-alone, grid- 
connected, and  hybrid  systems.  Grid-connected 
configuration is mainly used to  inject active and 
reactive power into the utility, but other ways are 
used for another purpose [2,3]. A study presented 
an adopted algorithm that contained a double-loop 
control strategy to improve the solar panel output. 
Furthermore, the MPPT algorithm was integrated 
with the proposed method to get optimal current 
from the PV systems [4-5]. 

Since solar power systems are widely sprinkled 
into the utility, some control methods should be 
applied. Converters are the main parts that will be 
controlled in this scenario. They are divided into 
DC/DC  converters and DC/AC  inverters [6]. This 
work will focus on inverters. Designers lookfor high 
efficiency  and  economic  models to  control  PV 
inverters[7-8]. This  paper  aims  to   monitor  and 
control system stability and  keep the THD  lower 
than the maximum limit. Although the three-phase 

 

instantaneous power theory allows power to be 
calculated without a  synchronization unit,  most 
control   techniques   in    the    literature   require 
synchronization information  [9-11].  In  order  to 
acquire more output stages without increasing the 
number of switches, some asymmetric multi-level 
inverter topologies are  shown  in[13-14].  Many 
PWM approaches have recentlyemerged, classified 
into  two  categories:  sine  wave   PWM (SPWM), 
which can be used in single-phase or multi-phase 
inverters, and multilevel space vector modulation, 
exclusively utilized in multi-phase inverters [15-17]. 

Typically, the PV grid inverter has encountered 
three key issues: harmonics, matching maximum 
power   tracking  to   grid    needs,  and   fulfilling 
synchronization with the grid using national coding 
This As indicated in the figure, the study offers a 
novel design version of a PV inverter. In Fig. 1.a to 
address such issues with the following significant 
contributions: 
-   As shown in section 3, synchronizing control is 

based on RMS voltage principles and adjustable 
phase difference leading angle of the inverter to 
achieve a high power factor. 

System structure 

1. Three-level inverter 
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Multilevel inverts are widely used in the power 

electronics field.  Figure 1  shows  a   single-phase 
three-level neutral-point-clamped(NPC) inverter. A 
PV  panel  is   presented by  E  in  this  paper.  The 
inverter consists of two capacitors C1  and C2, two 
legs with  each having  four  IGBT  switches,  four 
clamped diodes, L-C3 low  pass filter, and system 
load RL. The output current and voltage are iac and 
vac   Respectively. 
2. Design of the Controller 

To calculate the instantaneous power, adjust 
the voltage and current to the synchronous rotary 
frame. The following equations show the real and 

 

 
Figure 1. Single-phase three-level NPC inverter. 

reactive  power  that   is   used   to   build  the 
proposed control strategy. 

 

 
The steady-state value is  integrated with  PI- 

DPC, as shown in (2) 

 

3. SVPWM Algorithm 
The  three-phase inverter SVPWM algorithm 

was used in this workto generate suitable switching 
signals. This algorithm is programmedto dependon 
several inputs: MPPT output, the voltages of the 
balance capacitors C1  and C 2, i ac,  i Sm,  sampling 
time  TSAnd the  outputs from equation 12. The 
output of this algorithm will drive the switches, as 
shown in Figure 2. 
Figure 3 shows the circuit diagram, including a PV 
panel, DC capacitors, a three-level inverter, and the 

 

proposed    control    method.     In    addition,    a 
MATLAB/SIMULINK model is developed to show the 
advantages ofthe proposed method. 

 

 
Figure 2. circuit of SVPWM 

 

 

Figure 3. circuit diagram, including a PV panel, DC 
capacitors, a three-level inverter 

Simulation Results and Discussion 

Figure  4   shows  the   Simulink  diagram  for   the 
strategy, which displays the  active  and  reactive 
power calculations. These calculations are done by 
using   the    customized   DPC-PI   controller   and 
integrated with  SV-PWM  Figure  5  presents the 
waveforms and dynamic response of AC current 
and  voltage,  irradiance, and  PV  voltage.  Both 
irradiance and load are varying. The solar irradiance 
is changed multiple times, as shown in the figure 
below. The model outcomes show the stronger of 
the  suggested  method;  Figure  5   presents  the 
stability  of  the  novel method  regardless of  the 
irradiance and load changes. 
. 

an
 (1) 
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Figure 4. System Simulink 

The   figures  show   that   the   proposed 
method hasTHD less than the previous method [6], 
1.23% for the proposed method and 5.95% for the 
previous strategy. The standard PI-DPC with PLL is 
tested in fig. 6 to compare the performance of DPC 
with  and without  PLL. In  this  test, the  previous 
method estimates real and reactive outputs and 
performs the PLL. As shown in Figures 4 and 5, the 
present harmonic components using the proposed 
method are smaller than those using the traditional 
PI-DPC  method  with   PLL[12].  The   comparative 
analysis    results   indicate    that    the    proposed 
methodology can achieve excellent evaluation and 
control accuracy. To further evaluate the system 
stability of DPC with and without the PLL module, 
the conventional DPC is tested and shown above 
using [7] to  calculate power and realize PLL. The 
findings   demonstrate   that    the    line    current 
harmonics are high in the traditional DPC than  in 
the proposed technique. As a result, the proposed 
method outperforms the traditional PLL method in 
terms of control performance. 

Temperature   and    radiance   are    the 
variables used in the simulations. First, the Space 
Vector Pulse Width Modulation model for three- 
level single-phase inverters has been introduced 
and combined with the P&OMPPT algorithm. Then, 
the   suggested  technique  evaluates  algorithmic 
modifications based on each scenario's combined 
aspects.   Following   that,   a    MATLAB/SIMULINK 
model  is  created to  test  the   efficacy  of  the 
suggested  technique  based   on   the   previously 
mentioned    SVPWM    and     DPC-PI     controller 
algorithms. Figure 6 and Table 1 demonstrate how 
the  simulation  system  is  created  based on  the 
circuit design and its parameters. 

Table I. System parameters 
Parameters Value 

RMS (V) 85 
Ts  µs 10 
fs (kHz) 1.25 
C1  and C2 (mF) 3.0 
load RL  (Ω) 30-20 

 

 

Conclusion 

This  work  proposes  new  direct  power 
control of the single-phase three-level photovoltaic 
inverter  SVPWM  without   (PLL).  The   proposed 
method  employs a  DPC-PI controller to  control 
inverter  active  and  reactive  power  output  to 
connect PV generation to the power grid. Since the 
calculation of  the  active  and  reactive  power  is 
considered an essential topic nowadays, the novel 
method  is   focused  on  these  calculations  with 
omitting the PLL that will decrease the complexity 
of  the   control  process. The   simulation  results 
validate    the    novel    method's   advantage    by 
improving total   harmonic  distortion  (THD)  and 
system stability  regardless of  load  changes. The 
proposed scheme has the potential to reduce the 
detrimental effects of primary voltage harmonics. 
Compared to the traditional method, the system 
obtained high accuracy of calculated values in the 
main voltage  with  numerous harmonics and  DC 
components, even under extreme conditions such 
as  harmonic  resonance  in traction power grids. 
[12]. 
 
 

 

 
Figure 6. The THD system voltage output 
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Figure 5. System Performance 

 

References 

[1]  X. Zong  and  P. W.  Lehn, “Reactive  power control of 
single-phase grid-tied Voltage  Sourced Inverters for 
residential PV application,” IECON 2012 - 38th Annual 
Conference on IEEE Industrial Electronics Society, pp. 
696–701, Oct. 2012. 

[2]  T.-F.  Wu,  H.-S.  Nien, C.-L.  Shen, and  T.-M.  Chen, “A 
Single-Phase Inverter System for PV Power Injection 
and Active Power  Filtering With Nonlinear Inductor 
Consideration,”    IEEE     Transactions     on    Industry 
Applications, vol. 41, no. 4, pp. 1075–1083, Jul. 2005. 

[3]  M.-H.  Jahanbakhshi,  B.  Asaei,  and  B.  Farhangi,   “A 
novel deadbeat controller for single-phase  PV grid- 
connected inverters,”  2015  23rd Iranian Conference 
on Electrical Engineering, pp. 1613–1617, May 2015. 

[4]  J. Shigong, W. Hui, W. Wei, and X. Dianguo, “A Novel 
Algorithm to  Improve Dynamic  Response  of  Single - 
Phase    Grid-Connected   PV    Inverter,”   2010   First 
International  Conference  on  Pervasive  Computing, 
Signal  Processing and  Applications, pp.  1069–1072, 
Sep. 2010. 

[5]  J. Shigong, W. Hui, W. Wei, and X. Dianguo, “A Novel 
Algorithm to  Improve Dynamic  Response  of  Single - 
Phase    Grid-Connected   PV    Inverter,”   2010   First 
International  Conference  on  Pervasive  Computing, 
Signal  Processing and  Applications, pp.  1069–1072, 
Sep. 2010. 

[6]  J.  Ma, W. Song, S. Jiao, J. Zhao, and X. Feng, “Power 
Calculation for Direct Power Control of Single-Phase 
Three-Level Rectifiers Without Phase-Locked Loop,” 
IEEE Trans.  Industrial  Electronics, vol. 63, no.  5,  pp. 
2871–2882, May 2016. 

[7]  Z.  H. Ali, J. Zhao, E. Manla, J. Ma and W. Song, "Novel 
direct  power   control  of   single-phase   three-level 

 

SVPWM  inverter for photovoltaic generation," 2017 
IEEE  Power &  Energy  Society Innovative Smart  Grid 
Technologies Conference (ISGT),  2017, pp. 1-5,  doi: 
10.1109/ISGT.2017.8085959. 

[8]  Z.  H.  Ali,  "Novel  Direct Power  Control Strategy  for 
Single-Phase Photovoltaic Inverters," 2019 IEEE 16th 
International Conference on Smart Cities: Improving 
Quality of Life Using  ICT &  IoT  and  AI  (HONET-ICT), 
2019,                   pp.                   171-175,                   doi: 
10.1109/HONET.2019.8908068. 

[9]  P.  R.  Martinez-Rodriguez,  G.  Escobar,  A.  A.  Valdez- 
Fernandez,  M.   Hernandez-Gomez,  and  J.  M.   Sosa, 
“Direct power control of a three-phase rectifier based 
on  positive  sequence  detection,”  IEEE  Trans.   Ind. 
Electron., vol. 61, no. 8, pp. 4084-4092. 2014. 

[10]           J. G.  Norniella, J.  M.  Cano, G. A. Orcajo, C.  H. 
Rojas,  J.  F.  Pedrayes,  M.  F.  Cabanas,   and   M.   G. 
Melero,  “Improving  the   dynamics  of  virtual-flux- 
based control of three-phase active rectifiers,” IEEE 
Trans.  Ind. Electron., vol. 61, no. 1, pp. 177-187, Jan. 
2014. 

[11]            D.-K.     Choi      and      K.-B.      Lee,     “Dynamic 
performance improvement of AC/DC converter using 
model  predictive  direct  power  control  with  finite 
control set,” IEEE Trans.  Ind. Electron., vol. 62, no. 2, 
pp. 757-767, Feb. 2015. 

[12]          Amer  Tayes  Saeed  ,  Mohamed  Qasim   Taha  , 
Abdullah Khalid Ahmed, “Tracking technique for the 
sudden  change  of  PV   inverter  load”,  International 
Journal  of   Power   Electronics  and   Drive   Systems 
(IJPEDS),   Vol.   10,   No.   4,    December   2019,   pp. 
2076~2083 . 

[13]          C.     Dhanamjayulu    and     S.     Meikandasivam, 
“Implementation and comparison of symmetric and 
asymmetric multilevel inverters for dynamic loads,” 



NTU JOURNAL OF RENEWABLE ENERGY                                                                   RESEARCH ARTICLE 
P-ISSN: 2788-9912 E-ISSN: 2788-9920 Vol. 1, No. 1                                                                        Open Access 

42 

 
IEEE  Access,  vol.  6,   pp,  738-746,  Dec   2017,  DOI: 
10.1109/ACCESS.2017.2775203. 

[14]          S.   Y.   Darmian   and   S.   M    Barakati,   “A   new 
asymmetric multilevel inverter with reduced number 
of   components,”   IEEE   Journal   of   Emerging   and 
Selected Topics in Power Electronics, Vol. 8, no. 4, pp. 
4333-4342,                             2019,                            DOI: 
10.1109/JESTPE.2019.2945757 . 

[15]. Ohsato,  H.,  Kimura,  G.,  Shioya,  M.:  “Five-Stepped 
PWM  Inverter Used  in  Photovoltaic Systems”,  IEEE 
Transactions  on  Industrial Electronics, 1991, 38 (5), 
pp. 339-397. 

 

[16]. Colak, I., et al.: “The Design and Analysis of a 5-Level 
Cascaded Voltage Source Inverter with Low THD”, 9th 
International   Conference   on    Power   Engineering 
Energy  and   Electrical Drives,  Ankara,  18-20   March 
2009, pp. 575-580. 

[17]. Pranay, S., Kanojiya, R., Maurya,  N.: “Performance 
of  Sinusoidal  Pulse Width  Modulation  based  Three 
Phase     Inverter”,    International     Conference    on 
Emerging  Frontiers  in  Technology  for   Rural   Area 
(EFITRA),  2012, pp. 22-26. 


	Introduction
	System structure
	1. Three-level inverter
	2. Design of the Controller
	3. SVPWM Algorithm
	Figure 3. circuit diagram, including a PV panel, DC
	capacitors, a three-level inverter


	Simulation Results and Discussion
	Figure 4. System Simulink

	Conclusion
	References

