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Abstract: - This paper presents the optimization of total harmonic distortion (THD) applied directly to the line 
voltages output from a multilevel power inverter, with H-bridges cascaded common source of nine steps per 
phase applied to a photovoltaic system. The mathematical model of the THD of line voltages is presented in 
terms of commutation angles of the PWM phase modulation following the IEEE-519 standard. This equation 
gives a new and purely numerical optimization character, allowing to obtain excellent results using genetic 
algorithms reaching a THD of 0.3% in line voltages. To validate the results obtained by mathematical modeling 
and optimization, an algorithm using the FPGA Virtex5 XUPV5-LX110T is implemented. 
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1. Introduction 
Currently there is a pronounced interest at 
generating high quality electricity, through 
alternative energy sources, this is due to 
environmental disasters caused by many factors, one 
of them is the conventional sources of energy, in 
this context solar energy has been widely accepted 
because of its many advantages as a source of 
renewable energy and has presented a continuous 
growth in recent years [1], settling large number of 
photovoltaic systems around the world [2]. 

The production of electricity from solar panels is 
given in direct component, using power inverters is 
a complete solution to convert AC voltage output 
[3] for the use of energy or connecting to the power 
network [2]. However, conventional converters used 
in this application have certain problems in terms of 
power quality, due to harmonic distortion [4], [5]. 

Since in photovoltaic (PV) systems into 
alternating the power quality depends on the power 
inverter [6], today there have been numerous 
investigations aimed on optimizing the harmonic 
content of these [7], [8], presenting multilevel 
converters as a solution to the problem, because 
these inverters have many advantages compared 
with conventional two levels: waveforms of high 
quality energy, low loss switching capacity of high 
voltage, low electromagnetic interference, etc. [9]-
[11]. In this way exclusive area harmonic content 
optimization of photovoltaic systems through 

multilevel converters works are presented [12] - 
[14]. 

This research through using genetic algorithms 
aims to optimize the harmonic content of the three 
phase photovoltaic systems, minimizing THD line 
directly through a cascaded asymmetric H-bridge 
common source multilevel power converter [15] 
nine levels phase adopt the modulation found by the 
optimization algorithm. 
 
 
2. State of The Art 
The multilevel power converter appears in the year 
1975 with Baker and Lawrence patent [16], 
performing the first implementation in 1981 [17], 
from these works, numerous investigations have 
come to get a variety of converters [11] some of 
which are considered as classics [3]: fixing 
converters diodes, capacitors and floating H-bridges 
cascade. In the same way recently topologies that 
are considered innovative and seek to reduce the 
number of components, increase efficiency or 
improve power quality have appeared [18]-[20].  

Inside the classic topologies, the cascade H-
bridges is considered advantageous in terms of 
quality of the waveform and number of components 
[3], within this a convenient sub-topology appears in 
photovoltaic systems using an accumulator block, 
because it uses a single voltage source directly, 
accompanied by a transformer at the output of the 
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