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Abstract- Digital control techniques for Boost Converter and PWM Inverter which have potential application for power 
transmission system. The study is done in the field of inverter topologies, which is used to interface a wind energy module to 
the power grid/load. The boost converter and inverter are developed with focus on low cost, high reliability and mass-
production. The switching strategy to control the Boost Converter and Inverter to which the load may be grid supply system 
or domestic lighting is developed. The control strategy for the Inverter should be such that, the required voltage amplitude 
and frequency (50 Hz) has to be supplied by the system. The switching strategy aims at reducing Electromagnetic 
Interference (EMI) problems, elimination of harmonics and hence Total Harmonic Distortion (THD), to reduce switching 
losses and also to operate the inverter at lowers switching frequencies. The controller is implemented on DSP and they are 
designed in such a way that they can be easily modified if any need arise in future. 
 
Keywords- Wind Power, Total Harmonic Distortion (THD), Rectifier, LC Filter, Boost Converter, Inverter, Control 
strategy, MATLAB/Simulink R2013a, DSP TMS320LF2407A, Load (Resistive/Inductive). 
 

 
I. INTRODUCTION 
 
Wind power is the conversion of wind energy into a 
useful form of energy, such as using wind turbines to 
make electrical power, windmills for mechanical 
power, windpumps for water pumping or drainage, or 
sails to propel ships.Wind power, as an alternative to 
fossil fuels, is plentiful, renewable, widely 
distributed, clean, produces no greenhouse gas 
emissions during operation and uses little land. The 
effects on the environment are generally less 
problematic than those from other power sources. 
 
Significant wind power capacity is to be connected to 
the grid so that wind can be fully utilized as a power 
source. However, there are still technical challenges 
in interfacing wind power to the electricity grid. The 
power grid is with constant frequency. If the wind 
turbine is directly connected to the grid, the generator 
has to run with a constant rotating speed. Variable 
pitch constant speed turbines and gear boxes are 
coupled to the generator so that with the changing of 
the wind speed, the generator can still run at a 
constant speed. But the gear box brings a lot of noise, 
which does harm to the environment, and the 
physical abrasion means the degradation of the 
turbine and generator.Another option is the frequency 
conversion between the grid and the generator, and 
this is achieved by two power electronics converters, 
which are also called the back-to-back PWM 
converters. 
 
This paper develops digital control techniques for 
PWM converter and PWM inverter which have 
potential application for power transmission 
system.The control strategy for the inverter should be 

such that, the required voltage amplitude and 
frequency (50 Hz) has to be supplied by the system. 
The switching strategy aims at reducing 
Electromagnetic Interference (EMI) problems, 
elimination of harmonics and hence Total Harmonic 
Distortion (THD), to reduce switching losses and also 
to operate the inverter at lowers switching 
frequencies. The controller is implemented on DSP. 
 
II. PROPOSED SOLUTION 
 

 
Figure 1: Top level block diagram of the wind power 

generation system. 
 
The Figure 1 shows the top level block diagram of 
the wind power generation system. The main 
components comprises three phase diode rectifier, LC 
Filter, Boost Converter, PWM Inverter and Digital 
Signal Processor. 
 
1. Three phase diode rectifier is used to 
convert incoming three phase AC voltage from wind 
turbine to pulsating DC. 
2. The pulsating DC output of rectifier is 
smoothened and constant DC is obtained using LC 
Filter. 
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3. The low DC voltage obtained from preceding 
blocks is stepped up to required voltage using 
DC-DC Boost Converter. 

4. The boosted DC voltage is converted to AC 
voltage with required frequency is obtained 
using PWM Inverter. 

5. Digital Signal Processor is used to provide 
control signals for Boost Converter and 
Inverter. 

 
III. SOFTWARE IMPLEMENTATION 
 
The simulation of the system was carried out using 
MATLAB/Simulink 2013a software. 

 

 
Figure 2: Simulink model of the system. 

 
Figure 2 shows the Simulink model for the proposed 
system. 
 
A. Rectifier and LC Filter 
The input to the rectifier is 3-phase power supply 
from wind turbine and the pulsating DC output of the 
rectifier is given to the LC filter, to obtain constant 
DC output. The voltage is sensed by DSP to control 
the pulse-width of the Boost converter control signal. 
The simulation results for Rectifier and LC Filter is 
as shown in Figure 3. 

 

 
Figure 3: Simulation results of Rectifier and LC Filter. 

 
B. Boost Converter 

 

 
Figure 4: Simulink model of Boost Converter. 

As from the Figure 4 the low output voltage from the 
rectifier and LC filter (ranging from 8-15V) is 
boosted (or stepped up) to a constant value (450V) to 
obtain the inverter output voltage as 230V (rms).The 
simulation results for the Boost Converter is as 
shown in Figure 5. 

 

 
Figure 5: Simulation results of Boost Converter. 

 
In order to boost the input of Boost Converter to 
constant value irrespective of variation in the wind 
speed, Constant Frequency control strategy is used. 
In this type of control strategy, the on-time Ton, is 
varied but the chopping frequency f (f= 1/T, and 
hence the chopping period T) is kept constant. This 
control Strategy is also called as the pulse-width 
modulation control. 
 
C. Inverter 
The DC voltage from the boost converters fed to the 
inverter, whose switches are controlled by the control 
strategy (PWM Unipolar inverter control) from DSP 
and the inverter converts the DC into desired AC 
output. The output from inverter is further passed 
through the L filter, to obtain the sinusoidal AC 
output waveform of magnitude 230V, 50Hz. The 
simulation results of the Inverter output is as shown 
in Figure 6. 

 

 
Figure 6: Simulation results of Inverter. 

 
D. Unipolar control strategy 
In this scheme, the triangular carrier waveform is 
compared with two reference signals which are 
positive and negative signal.The difference between 
the Bipolar SPWM generators is that the generator 
uses another comparator to compare between the 
inverse reference waveform−Vr. The process of 
comparing these two signals to produce the unipolar 
voltage switching signal. In Unipolar voltage 
switching the output voltage switches between 0 and 
Vdc, or switching event is halved in the unipolar case 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-11, Nov.-2014 

DSP Based Converter–Inverter Control Strategy for Single Phase Wind Power Generation System 
 

24 

from 2Vdc to Vdc. The effective switching frequency 
is seen by the load is doubled and the voltage pulse 
amplitude is halved. Due to this, the harmonic 
content of the output voltage waveform is reduced 
compared to bipolar switching. In Unipolar voltage 
switching scheme also, the amplitude of the 
significant harmonics and its sidebands is much 
lower for all modulation indexes thus making 
filtering easier, and with its size being significantly 
smaller between 0 and −Vdc. This is in contrast to the 
bipolar switching strategy in which the output swings 
between Vdc and –Vdc. 
 

 
Figure 7: Full Bridge Inverter. 

 
Here, the devices in one leg are turned on or off 
based on the comparison of the modulating signal 
with a high frequency triangular wave. The devices in 
the other leg are turned on or off by the comparison 
of the modulating signal (1800 phase shifted) with the 
same high frequency triangular wave. Figure 7 shows 
single–phase full bridge inverter, with the modulating 
signals for both legs and the associated comparison to 
yield switching pulses for both the legs.  
 
Algorithm: (summarized in table1) 
The output voltage of the bridge inverter = Van -Vbn = 
Vab, 
The output voltage is generated by using the 
following logic: 
If Switches S1 and S2 are ON, Vab = + VD 
If Switches S3 and S4 are ON, Vab = - VD 
If Switches S1 and S3 are ON, Vab = 0 
If Switches S4 and S2 are ON, Vab = 0. 
 
In Unipolar switching scheme the output voltage 
level changes between either 0 to-VD or from 0to 
+VD. This scheme ‘effectively’ has the effect of 
doubling the switching frequency as far as the output 
harmonics are concerned, compared to the bipolar 
switching scheme. The voltage waveforms Van and 
Vbn are 180o out of phase from each other. 
 
Since the harmonic components at the switching 
frequency in Van and Vbn have the same frequency, 
this results in the cancellation of the harmonic 

component at the switching frequency in the output 
voltage. 
 
Table 1 shows the switching state of the unipolar 
PWM and the corresponding voltage levels. It can be 
observed from the table that when the two topand the 
two bottom switches are turned on the output voltage 
is zero.   
 
Table 1:Switching state of the unipolar PWM and the 

corresponding voltage levels. 
S1 S2 S3 S4 Van Vbn Vo = Van-

Vbn 
ON - - ON VD 0 VD 

- ON ON - 0 VD - VD 

ON - ON - VD VD 0 

- ON - ON 0 0 0 

 
Figure 8 shows the waveforms for PWM control with 
Unipolar switching using Simulink software. 

 

 
Figure 8: Simulation result of Unipolar Control strategy. 

 
IV. HARDWARE IMPLEMENTATION  
 
A.Experimental Setup 
An experimental prototype consists of mainly two 
boards: 
 
1. eZdsp™ TMS320LF2407A Board. 
2. Experimental board consisting of 3-phase 
Diode rectifier, Boost converter with gate driving 
circuit, two-level single phase inverter with gate 
driving circuit for four IGBTs.  
 
B.The eZdsp™ TMS320 LF2407A 
The details of this eZdsp™TMS320LF2407A is 
available in Technical Reference [12]. Figure 9 
shows eZdsp™ TMS320LF2407A Evaluation Board. 
The eZdsp™TMS320 LF2407A is a 5.25 x 3.0 inch, 
multi-layered printed circuit board, powered by an 
external 5V power supply. Figure 10 shows the 
layout of the LF2407A eZdsp™. 
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Figure 9:eZdsp™TMS320LF2407A used for SPWM gating 

signal generation. 
 

 
Figure 10:Layout of the LF2407A eZdsp™. 

 
The Table 2 shows the Pin Details used in the project 
for PWM outputs and ADC input. 
 

Table 2:Pin Details for eZdsp™ TMS320LF2407. 
Pins Description 

9 PWM1 

10 PWM2 

11 PWM3 

12 PWM4 

30 PWM7 

39 Ground 

Analog Pin 3 Ground 

Analog Pin 4 Analog input to ADC (ADCIN1) 
 
C. Features of eZdsp™TMS320 LF2407A 
The eZdspTMS320LF2407A is as shown in Figure 9 
and has the following features: 

 16 bit Fixed Point DSP 
 TMS320LF2407A Digital Signal Processor 
 40 MIPS operating speed 
 64K words onboard program/data RAM 
 32K words on-chip Flash memory 
 Onboard 10-MHz clock circuit 
 3 Expansion Connectors (analog, I/O, 

expansion) 
 Onboard IEEE 1149.1 JTAG Controller 
 5-volt only operation with supplied AC 

adapter 

 TI Code Composer tools driver 
 On board IEEE 1149.1 JTAG emulation 

connector 
 
D.Embedded Peripherals 
While the brain of the TMS320LF2407A DSP is the 
C2xx core, the TMS320LF2407A contains several 
control-oriented peripherals on-chip. The peripherals 
on the LF2407A make virtually any digital control 
requirement possible. Their applications range from 
analog to digital conversion (ADC) to pulse width 
modulation (PWM) generation.  Communication 
peripherals make possible the communication with 
external peripherals, personal computers, or other 
DSP processors.  The embedded peripherals inside 
the LF2407A are listed below: 
 

 Two Event Managers (A and B) 
 General Purpose (GP) Timers 
 Analog-to-Digital converter 
 Controller Area Network (CAN) interface 
 Serial Peripheral Interface (SPI) – 

synchronous serial port 
 Serial Communication Interface (SCI) - 

asynchronous serial port 
 General- Purpose bi-directional digital I/O 

(GPIO) pins 
 Watchdog Timer 
 Phase Locked Loop (PLL) module 
 Interrupt module 

 
 
E.PWM Circuit 
There are two identical Event Managers (EVA and 
EVB) on TMS320LF2407A. The event manager is a 
most important peripheral in generation of PWM 
control signals for the operation of the IGBT 
switches. 
 
Each EV Module in the TMS320LF2407A contains 
following sub components: 
 Two general purpose timers:  
A General purpose timer is configured to count up, 
down or continuously up and down. Each EV has two 
GP timers. Timer1 & 2 for EVA and Timer3 & 4 for 
EVB. Timers are configured to generate interrupt or 
trigger another peripheral on certain cases such as 
timer overflow, underflow or compare. 
 Three compare units:  
A PWM signal can also be generated using compare 
unit. Their functions are identical to GP Timer 
compare units. The PWM outputs associated with the 
compare unit allows for generation of six PWM 
outputs per EV whereas GP timer associated with 
timer unit allows for two PWM outputs.   
 
Compare units CMPR1, CMPR2 of EVA are used to 
generate four gating signals, PWM1, PWM2, PWM3 
and PWM4 for the IGBT switches S1, S4, S3 & S2 
respectively. Compare unit CMPR4 of EVB is used 
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for the generation of the control signal for the Boost 
Converter.  
 
All the 5 PWM signals are buffered using driver IC 
HEF4049BP, C6537ME Hnn9935 4, Phillips Make, 
Thailand.  Totally 4 driver ICs are used for the 
inverter having 4 IGBTs. Another driver IC is used 
for the Boost converter having one IGBT. PWM1 to 
PWM4 and PWM7 from DSP are applied to these 
drivers. Each driver IC in turn provides PWM outputs 
to be applied between the gate and the emitter 
terminals of the IGBTs. 
 
F. Analog to Digital Converter (ADC) 
The eZdsp™ TMS320LF2407A consists of an in built 
an Analog to Digital Converter (ADC) with 10-bit 
resolution. It has sixteen input channels, which can 
be used either in dual sequencer mode or in two 8-bit 
cascaded modes. The ADC module has sixteen result 
registers RESULT0 to RESULT15, 16-bit each. 10-
bit result from ADC is stored in 10 MSB bits with six 
LSB bits filled with zeros (by default). The control 
action of ADC module is done through two ADC 
control registers ADCTRL1 and ADCTRL2. The 
Start of Conversion is initiated by setting the SOC bit 
in ADCTRL2 either by software or by event 
managers (EVA & EVB). The interrupt flag 
ADCINT will be set at the end of conversion. The 
interrupt may be enabled depending on the 
application. 
 
G.Interfacing circuit of Converter-Inverter for Single 
phase Wind Power generation system 
An experimental prototype of Converter-Inverter for 
Single phase Wind power generation system was 
designed and the required components were 
assembled in the laboratory. The Figure 11 shows the 
Converter-Inverter for Single phase Wind power 
generation System with respective driver circuit. The 
circuit consists of: 

 Three-Phase Diode Rectifier mounted on the 
heat sink. 

 Boost Converter consisting of an IGBT 
mounted on heat sink whose switching is 
controlled by the pulses from the DSP 
through the driving circuit. 

 A single phase full bridge Inverter, which 
consists of four IGBTs mounted on heat 
sinks and operation of the Inverter switches 
is controlled by Unipolar SPWM from DSP 
through the driving circuits. 

 

 

Inductor 1: Used for LC filter. 
Inductor 2: Load Inductor. 
Inductor 3: Used for Boost Converter. 
Driver Ckt 1: Used for Inverter. 
Driver Ckt 2: Used for Boost Converter. 
Figure 11:Interfacing circuit of Converter-Inverter for 

Single phase Wind Power generation system. 
 
The devices are protected against  (high voltage 
fluctuation during switching) using snubber circuit 
(resistor in series with snubber capacitor connected 
across the IGBTs).   
 
The brief details of the components used are given 
below: 
Diode Rectifier: 
Three phase diode rectifier block:  Ruttonsha 
26MT120C06 
(VOLTAGE RANGE = 100 to 1600 Volts; 
CURRENT RANGE =35A) 
Maximum Repetitive Peak Reverse Voltage    VRRM = 
1200 Volts 
Maximum RMS Voltage VRMS = 700 Volts. 
Maximum DC Blocking Voltage VDC = 1000 Volts 
Maximum Average Forward Rectified Output 
Current, Iav= 25 Amps (at TC=70oC)  
LC Filter: 
 Inductance: 
 Rated inductance: 1mH 
 Rated current: 2A 
 Capacitor: 
 Rated Capacitance: 1000µF 
 Rated Voltage: 50V 
 Rated Temperature: 85oC (M) 
Boost Converter: 
 Capacitor: 
 Make: EPCOS B43584- S1338-M1 
 Rated Capacitance: 3300µF (M) 
 Rated Voltage: 160V   
 Diode (6A4): 
 Make: JGD 
 
(VOLTAGE RANGE   = 50 to 1000 V; CURRENT 
RANGE = 2 A) 
Maximum Repetitive Peak Reverse Voltage    VRRM = 
400 V 
Maximum RMS Voltage                                  VRMS=   
280 V 
Maximum DC Blocking Voltage                      VDC=   
400 V 
Maximum Average Forward Rectified Output 
Current, Iav = 6 A (at TC=60℃)   
 Inductance: 
 Rated inductance: 1mH 
 Rated current: 2A 
IGBT (Insulated Gate Bipolar Transistor): 
Make: MITSUBISHI NchIGBT, CT60AM-18F   
VCE = 900V,  VGE = 0V 
VGE = ±20V,  VCE = 0V 
VCE = 10V,   IC = 6 mA 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-11, Nov.-2014 

DSP Based Converter–Inverter Control Strategy for Single Phase Wind Power Generation System 
 

27 

IC = 60 A,   VCE = 15 V 
VCE = 25 V,   VGE = 0 V, 
 f  = 1MHz, VCC = 300 V, IC = 60 A, VGE = 15 V, RG 
= 10Ω. 
Snubber Circuit 
Resistance = 200E – 5W ± 5% 
Capacitor= Dec/Mer 47nk630 
The experimental setup includes the DSP for 
generating control signals, 3-phase Diode rectifier, 
Boost converter and two-level conventional inverter. 
The setup is shown in Figure 12. 
 

 
Figure 12:Experimental setup of the wind power generation 

system. 
 
I. Experimental Results of Hardware implementation 
The Control signals for Boost converter and inverter 
is generated using DSP TMS320LF2407A. The pulse 
width of the signal given for Boost converter depends 
on the output voltage level of the rectifier. The DSP 
senses the output of rectifier and changes the pulse 
width accordingly. Figure 13 to Figure 17 shows the 
waveforms of pulse with different duty cycle, 
generated by DSP for different rectifier output 
voltages.  
 

 
Figure 13:Control signal for Boost converter IGBT, when 

rectifier voltage is 18V. 
 

 
Figure 14: Control signal for Boost converter IGBT, when 

rectifier voltage is 15V. 

 
Figure 15: Control signal for Boost converter IGBT, when 

rectifier voltage is 12V. 
 

 
Figure 16: Control signal for Boost converter IGBT, when 

rectifier voltage is 10V. 
 

 
Figure 17: Control signal for Boost converter IGBT, when 

rectifier voltage is 8V. 
 

The four PWM signals for Inverter are generated by 
DSP using unipolar control strategy. The compare 
units 1 and 2 are used for the purpose. Figure 18 
shows the two PWM signals given to the two IGBT 
switches of one inverter leg (two signals are 
complement to each other). Figure 19 shows two 
PWM signals given to other inverter leg IGBT 
switches (two signals are complement to each other). 
 

 
Figure 18: PWM signals of inverter leg-a switches (S1 and S4). 
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Figure 19: PWM signals of inverter leg-b switches (S3 and S2). 

 
The following section shows the output waveforms of 
the hardware module. Figure 20 shows the output 
waveform of the rectifier. Figure 21 shows the output 
of the LC filter. 
 

 
Figure 20: Output waveform of rectifier. 

 

 
Figure 21: Output waveform of LC filter. 

 
RESULTS AND CONCLUSIONS 
 
The need for renewable energy resources in 
Karnataka motivated us to develop a power electronic 
system to convert wind power into electrical power 
for domestic lighting in rural areas. The control 
strategy was developed for the Boost converter and 
Inverter keeping in mind to generate a near sinusoidal 
supply to domestic applications. The control strategy 
was first verified for its functioning on Simulink 
software. Based on successful results in simulation 
the algorithm was implemented on Digital Signal 
Processor (DSP) TMS320LF2407A. A hardware 
module of the wind power generation system 
including 3-phase rectifier, LC filter, Boost converter 
and two level single phase conventional inverter was 
built and the control signals from DSP was interfaced 

through driver circuitry to converter and inverter 
switches. The experimental results were observed by 
connecting CFL bulbs, filament lamps and universal 
motor as loads. The system supplied the required 
voltage and frequency to the load indicating the 
validation of the control algorithm. 
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