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ABSTRACT 
Following to the important increase of electrical power demand around the world, many researchers are attempting to 
find new energy sources away from the fossil fuels. In this regard, the utilization of renewable energy resources, such 
as wind, geothermal, and wind energy, appears to be one of the most efficient and effective ways in achieving this 
target. Recently, solar power as a potential energy has grown at an impressive rate in the most emerging countries of 
the world, such Germany and USA. At the same time as that happens the power electronics knows enormous 
progress, increasing adoption of FPGAs in digital switched-mode power supply (SMPS) (Myaing et al., 2011) control 
is driving significant interest in improved platforms for development. In this paper, we propose a new methodology for 
high level system design of SMPS controllers and developed for photovoltaic power generation (Dubey et al., 2007). 
The feasibility, validity and accuracy of the approach are evaluated through the design and testing of a three-phase 
DC-to-AC (Monmasson et al., 2007) inverter. 
The inverters are at the heart of today’s renewable energy conversion systems. These inverters convert the energy 
harnessed from the various renewable energy sources, such as wind, sun … into a grid quality AC power that can be 
fed into the utility grid (Morroni et al., 2009). These inverters inject power into the grid as long as the renewable 
sources are active (i.e. if sun is out and wind is blowing). However, if the renewable sources are not available, such as 
during night hours in the case of PV systems (Corradini et al., 2008), inverters will remain idle (Matar et al., 2010).  
They are another mode of operation that is not our subject today in this paper. 
Algeria has created a green momentum by launching an ambitious program to develop renewable energies (REn) and 
promote energy efficiency (Parma et al., 2007).This program leans on a strategy focused on developing and 
expanding the use of inexhaustible resources (Celik ., 2003), such as solar energy in order to diversify energy 
sources and prepares Algeria of tomorrow. Through combining initiatives and the acquisition of knowledge, Algeria is 
engaged in a new age of sustainable energy use. 
The program consists of installing up to 22 GW of power generating capacity from renewable sources between 2011 
and 2030, of which 12 GMW will be intended to meet the domestic electricity demand and 10 GW destined for export. 
This last option depends on the availability of a demand that is ensured on the long term by reliable partners as well 
as on attractive external funding. 
 

INTRODUCTION 
The inverters are at the heart of today’s renewable energy conversion systems. These inverters convert the energy 
harnessed from the various renewable energy sources, such as wind, sun … into a grid quality AC power that can be 
fed into the utility grid. These inverters inject power into the grid as long as the renewable sources are active (i.e. if 
sun is out and wind is blowing). However, if the renewable sources are not available, such as during night hours in the 
case of PV systems, inverters will remain idle. They are another mode of operation that is not our subject today in this 
paper. 
Algeria has created a green momentum by launching an ambitious program to develop renewable energies (REn) and 
promote energy efficiency. This program leans on a strategy focused on developing and expanding the use of 
inexhaustible resources, such as solar energy in order to diversify energy sources and prepares Algeria of tomorrow. 
Through combining initiatives and the acquisition of knowledge, Algeria is engaged in a new age of sustainable 
energy use. 
The program consists of installing up to 22 GW of power generating capacity from renewable sources between 2011 
and 2030, of which 12 GMW will be intended to meet the domestic electricity demand and 10 GW destined for export. 
This last option depends on the availability of a demand that is ensured on the long term by reliable partners as well 
as on attractive external funding. 
The national potential for renewable energy is strongly dominated by solar energy. Algeria considers this source of 
energy as an opportunity and a lever for economic and social development, particularly through the establishment of 
wealth and job-creating industries. The potential for wind, biomass, geothermal and hydropower energies is 
comparatively very small. This does not, however, preclude the launch of several wind farm development projects and 
the implementation of experimental projects in biomass and geothermal energy. 
The power converter is the interface between the load/generator and the grid . The power may flow in both directions, 
of course, dependent on topology and applications. Three important issues are of concern using such a system. The 
first one is reliability; the second is efficiency and the third one is cost. For the moment the cost of power 
semiconductor devices is decreasing 2-5 % every year for the same output performance and the price pr. kW for a 
power electronic system is also decreasing. 

mailto:Slimane.souag@gmail.com


 

   

MPPT 

To Grid  

System 
Sun 

light 

 

PV 

array 

Inverter 

A high competitive power electronic system is adjustable speed drives (ASD) and the trend of weight, size, number of 
components and functions in a standard Danfoss Drives A/S frequency converter. It also shows that more integration 
is an important key to be competitive as well as more functions become available in such a product. 
The increasing adoption of FPGAs controllers for high-frequency digital SMPS (Parma et al., 2007) is raising 
considerable interest in finding the most efficient and appropriate development processes for power electronics 
control systems, given that the FPGA embedded systems development represents a significant paradigm shift 
compared to that for microprocessors, micro-controllers and DSPs. A typical digitally-controlled SMPS and suitable 
controller targets based on unit cost for different power levels are shown in Fig. 1 (a) and (b), respectively. FPGAs 
provide an attractive architecture for power electronics control systems, due to their ability to produce custom high-
frequency, low-latency (sub 1-ns) gating signals, ability to place digital pulse-width modulators (PWM) and dead-time 
circuits in dedicated hardware, high speed digital signal processing capabilities, and silicon-gate-level (SGL) user 
configurability. Due to the fast changing requirements of the smart grid and renewable energy markets, the inherent 
field re-configurability of FPGAs is also attractive from the perspective of long-term support, maintenance and 
interoperability with evolving standards and communication protocols. 
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Fig.1.  (a) SMPS and (b) spectrum of suitable control targets for mass production 

PHOTOVOLTAIC GENERATION SYSTEM 
As the conventional energy sources are dwindling fast, the solar photovoltaic energy offers a very promising 
alternative, because it is free, abundant, pollution free and distributed throughout the earth. In the past, photovoltaic 
energy has been used as power supply for only some loads such as satellites or remote areas where conventional 
sources are very far. 
In these days of increasing environmental concern, governments and the scientific community work to maximize the 
use of renewable energy resources. There is a growing recognition of the valuable role solar power can play in 
reducing pollution, particularly in the effort to stabilize the carbon dioxide levels. The technology is now available for 
industrial, commercial and residential consumers. Photovoltaic (PV) power supplied to the utility grid is gaining more 
and more visibility due to many national incentives (Myaing et al., 2011). 
With a continuous reduction in system cost (PV modules, DC/AC inverters, and installation), the PV technology has 
the potential to becomes one of the main renewable energy sources for the future electricity supply. The market for 
grid-connected PV power applications continues to develop at a high rate. 
Feeding the photovoltaic energy to the ac grid is not evident. It poses some problems in controlling the energy transfer 
and connecting the two systems together by using static converters. 
The classical connection between photovoltaic array and AC grid is shown in figure 1. The main objective, from this 
interfacing, is to feed all the collected energy at the PV plant to the commercial AC grid. This is achieved by the 
followings: 

· PV array wish is responsible to transform the sun light to electricity. 

· MPPT controller, this is used to maximize the power coming from PV array at any atmospheric conditions. 

· Inverter, this is a device witch transform DC input to an AC output at the same waveforms as the grid line. 

 
Fig.2.  Photovoltaic generation system scheme  

 

FIELD-PROGRAMMABLE GATE ARRAYS (FPGA) 
Field Programmable Gate Array or FPGA (Dubey et al., 2007), (Monmasson et al., 2007) as it is more widely called, 
is a type of programmable device. Programmable devices are a class of general-purpose chips that can be configured 
for a wide variety of applications. The first programmable device, which achieved a widespread use, was the PROM 
(programmable Read-Only Memory). PROMs, a onetime programmable device comes in two basic versions: (1) The 



 

   

Mask-Programmable Chip programmed only by the manufacturer and (2) The Field programmable Chip programmed 
by end-user. 
FPGAs (Trescases et al., 2008), (Matar et al., 2010) are reprogrammable silicon chips. Ross Freeman, the 
cofounder of Xilinx, invented the first FPGA in 1985. FPGA chip adoption across all industries is driven by the fact that 
FPGAs combine the best parts of application-specific integrated circuits (ASICs) and processor-based systems. 
FPGAs provide hardware-timed speed and reliability, but they do not require high volumes to justify the large upfront 
expense of custom ASIC design. 
Reprogrammable silicon also has the same flexibility of software running on a processor-based system (Myaing et al., 
2011), but it is not limited by the number of processing cores available. Unlike processors, FPGAs are truly parallel in 
nature, so different processing operations do not have to compete for the same resources. Each independent 
processing task is assigned to a dedicated section of the chip, and can function autonomously without any influence 
from other logic blocks. As a result, the performance of one part of the application is not affected when you add more 
processing like Fig. 3. 

 Fig.3.  One of the benefits of FPGAs over processor-based systems is that the application logic is implemented in hardware circuits rather than executing 

on top of an OS, drivers, and application software (National Instruments). 

Every FPGA chip is made up of a finite number of predefined resources with programmable interconnects to 
implement a reconfigurable digital circuit and I/O blocks to allow the circuit to access the outside world. 
FPGA resource specifications often include the number of configurable logic blocks, number of fixed function logic 
blocks such as multipliers, and size of memory resources like embedded block RAM. Of the many FPGA chip parts, 
these are typically the most important when selecting and comparing FPGAs for a particular application. 
The configurable logic blocks (CLBs) are the basic logic unit of an FPGA. Sometimes referred to as slices or logic 
cells, CLBs are made up of two basic components: flip-flops and lookup tables (LUTs). Various FPGA families differ in 
the way flip-flops and LUTs are packaged together, so it is important to understand flip-flops and LUTs. 
 

VHDL GRAPHICAL LANGUAGE  
The emergence of graphical HLS design tools, such as LabVIEW, has removed some of the major obstacles of the 
traditional HDL (Cirstea et al., 2007), (Parma et al., 2007) design process. The LabVIEW programming environment 
is distinctly suited for FPGA programming because it clearly represents parallelism and data flow, so users who are 
both experienced and inexperienced in traditional FPGA design processes can leverage FPGA technology. In 
addition, so that previous intellectual property (IP) is not lost, you can use LabVIEW to integrate existing VHDL into 
your LabVIEW FPGA designs. 
Then to simulate and verify the behavior of your FPGA logic, LabVIEW offers features directly in the development 
environment. Without knowledge of the low-level HDL language, you can create test benches to exercise the logic of 
your design. In addition, the flexibility of the LabVIEW environment helps more advanced users model the timing and 
logic of their designs by exporting to cycle-accurate simulators such as Xilinx ISim. 
LabVIEW FPGA compilation tools automate the compilation process, so you can start the process with a click of a 
button and receive reports and errors, if any, as compilation stages are completed. If timing errors do occur because 
of your FPGA design, LabVIEW highlights these critical paths graphically to expedite the debugging process. 

 

THREE-PHASE SINE-Δ PWM INVERTER 
Fig. 4 shows circuit model (Holtz et al., 1994) of three-phase PWM inverter and Fig. 6 shows waveforms of carrier 

wave signal (Vtri) and control signal (Vcontrol), inverter output line to neutral voltage (VA0,VB0, VC0), inverter output 
line to line voltages (VAB, VBC, VCA), respectively. 

 
Fig.4.  Three-phase PWM inverter 
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Fig.5.  Waveforms of three-phase sine-Δ PWM inverter 

As described in Fig .5, the frequency of Vtri and Vcontrol is fs and f1 where, fs is the PWM frequency and f1 the 

fundamental frequency, respectively. The inverter output voltages are determined as follows: 

if Vcontrol > Vtri, VA0 = Vdc/2                                                            (1) 

 

if Vcontrol < Vtri, VA0 = Vdc/2                                                                    (2) 

 

Where, VAB = VA0 – VB0, VBC = VB0 – VC0, VCA = VC0 – VA0 

 

SOFTWARE DEVELOPMENT 

The feasibility, validity and accuracy of the new design methodology (Hui et al., 2006) containing the desirable 

characteristics described in Section V is evaluated through the design and testing of a three-phase DC-to-AC 

inverter. An experimental inverter was assembled using a low-power off-the-shelf three-phase IGBT intelligent 

power module (IPM), and the high-level FPGA control software was validated using co-simulation techniques 

(Saran et al., 2008). 

 

Fig.6.  Phtovoltaic,  three-phase inverter co-simulation schematic in multisim 

 

Fig.7.  The LabVIEW graphical user interface of the FPGA control of the inverter  

The system simulation graphical interface in Fig. 7 includes user-defined parameters for the PID control, 

variable RMS output set-point, output filter phase offset, and PLL gains. Real-time visualization of the output 

line voltage compared to the grid voltages is displayed. This system is co-simulated with Multisim design in 

Fig. 6. The PLL works as follows: 



 

   

• Line voltages are measured sent through a Park transformation giving the mains voltage as DC-

components.  

• A phase detector uses the low pass filtered values of the mains voltage DC-components to determine the 

angle deviation between real mains voltage and angle reference.  

• A derivator followed by a low pass filter stage determines the frequency deviation between reference and 

mains voltage.  

• Phase and frequency difference are summed in a weighing mechanism to an error signal. It is fed to the PI 

controller that governs the frequency input signal to the reference angle generator, the VCO.  

• When the phase locked loop is unlocked, and the frequency deviation is beyond a threshold value, the 

weighing mechanism attenuates the angle deviation signal gradually so the error signal is dominated by the 

phase deviation. The VCO frequency is now directed towards the mains frequency, until it becomes close 

enough for the PLL to lock on to the mains voltage gracefully. 

 
Fig.8.  Unfiltred inverter output after 0.1 sec 

 
Fig.9.  System simulation after 0.03 sec 

 
Fig.10.  System simulation after 0.1 sec 

 

figure 8 shown the unfiltered inverter voltage output after 0.1 sec who is taken at Vab_i, Vbc_i and Vca_i point 

look at fig.6 .The simulation results with output filter phase offset equal to 90.24°showed in Fig. 9 that after 

0.03 sec of running the system, the output voltage of the 3-phase inverter is not aligned to the grid voltages 

since the feedback system is still at its initial stage. The simulation in Fig. 9 shows that it takes about 0.1 sec 

for the inverter output to align to the grid line voltages. 

This unparalleled approach of system simulation that includes all of the dynamics between the analog 

circuitry and the FPGA control logic enables early evaluation of the system performance as well as saves 

simulation time and prototyping cost. 

 

CONCLUSION 

The local population should be able to absorb the development of a country or region. The people should be 

financially, mentally and physically able to support the improvement in the quality of their lives. We want the 

entire population to have access to uninterrupted supply of electricity. This puts a huge burden on the limited 

fossil fuel resources. The benefits of using solar power over other resources lie in its minimum operational 

cost. 



 

   

With a continuous reduction in system cost (PV modules, DC/AC inverters, and installation), the PV 

technology has the potential to becomes one of the main renewable energy sources for the future electricity 

supply. The market for grid-connected PV power applications continues to develop at a high rate. 

As we will detail in the full paper, we have successfully demonstrated a new system-level design platform and 

methodology for FPGA-based digitally controlled SMPS design that satisfies the requirements to control the 

photovoltaic grid connected three phase inverter. 

This new methodology allows designers to seamlessly leverage the computational advantages of next 

generation FPGAs for digitally controlled power electronic converters without requiring any knowledge of HDL 

languages. 
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