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Modified Space Vector Switching for Three Level NPC 
Converter Based Unity Power Factor Conditioner in 

Grid Connected WECS 
Naik. R. L,1  and  Jangamshetti. S. H2 

Abstract— This paper presents a Modified Space Vector Switching for three level NPC converter.  A simplified switching strategy is 
developed by exploiting the redundant states of switching vectors available in three level space vectors.  The proposed switching 
strategy is tested using the DSP TMS320F2812. It is observed that, the complexity of proposed switching strategy reduces to that of 
two level and has better harmonic performance as compared to conventional space vector PWM.  Further, the developed switching 
strategy is used in voltage oriented controller to control grid connected three level NPC converter for variable speed WECS.  
Symmetrical optimum approach in designing of regulators for DC voltage and current control loops are proposed for voltage oriented 
control. The   performance of controller is verified for constant and step change in wind speeds through simulation in 
MATLAB/SIMULINK. It is observed from simulation results that, the controller simultaneously regulates DC link voltage, maintains 
power factor at unity and overcomes the problem of voltage imbalance that exists between the capacitors of three level NPC converter 
connected to grid. 
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1 INTRODUCTION

n recent years, variable speed wind-energy conversion systems 
connected to grid have been increasing significantly in their size 
and capacity.  Today rating of single wind turbine have reached up 

to 5 MW.  To transfer the energy from such high rated wind turbine 
to grid, multilevel converters, specifically three level NPC converters 
are more suitable [1].  The advantages of three-level NPC Converter 
are reduced voltage ratings for the switches, reduced harmonic 
distortion and lower electromagnetic interference. To control three 
level NPC converter, various modulation techniques are reported [2-
6]. Among them, Space Vector PWM (SVPWM) is one of the 
promising modulation technique as it increases the modulation range 
by 15% compared to sinusoidal PWM[7]. Although three-level 
SVPWM technique is derived from two level SVPWM, it is 
considerably more complex as compared to two level. This is due to 
large number of converter switches and the problem of voltage 
balancing that exists between the capacitor of NPC converter. 
Researchers have developed various simplified SVM approach for 
three level NPC converter to over come said problems [7-8].  In [8] 
switching signals are generated for NPC converter using half wave, 
quarter wave symmetry and three phase symmetry. To implement 
this method, fictitious vector has to be created during the 
computation of time intervals for all six sectors, which increases the 
complexity and overloads the processors. The switching sequences 
are arranged in symmetrical pattern to reduce the complexity and 
computational time of the processor [7]. However in this approach, 
each switch is turned ‘ON’ more than once in each time period at 
unequal duty cycles. This will increase stress on individual switch 
and switching losses from medium to higher switching frequencies. 

Further, to transfer the controlled power from wind turbine to the 
grid, grid side converter has to be controlled using grid side 
controller. Popularly, grid side converter is controlled using Voltage 
Oriented Control (VOC), in which the dq reference frame is usually 
aligned with the grid voltage vector [9-10]. This method guarantees 
an excellent dynamics and static performance via an internal control 
loop. However, the final configuration and performance of the 
system largely depends on the design of PI regulators for DC voltage 
and current control loops. 

In view of the above identified problems in SVPWM for three level 
NPC converter and grid side controller, this paper presents Modified 
Space Vector Switching PWM (MSVSPWM) and simplified 
approach in designing of PI controllers for VOC. The details are 
given in the following sections. 

 

2 SYSTEM DESCRIPTION AND MODEL 

Wind turbine connected to grid using back-back converter scheme is 
shown in Fig.1. Information about generator side controller with 
MPPT is discussed in literature [12]. Grid side controller architecture 
used for development of modified space vector switching for three 
level NPC converter and designing of PI controller for grid side 
controller is shown in Fig.2 
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Fig.1: Schematic of grid connected WECS 

 
Fig 2: Controller for Grid Side Converter 

 
3 MODIFIED SPACE VECTOR SWITCHING 

ALGORITHM 

Purpose of the proposed Modified Space Vector  Switching PWM 
(MSVSPWM) is to generate switching sequence symmetric in nature 
and each switch turns ‘ON’ once in each time period Ts.  To achieve 
this, switching transition and direction proposed for sector-1 is as 
shown in Fig.3.  

 
Fig.3: Switching direction for sector-1 

 
Similar switching transition and direction is followed for 
remaining five sectors to generate PWM signals as shown in 
Fig.4. To generate switching sequence, there is need to identify 

the region of each sector in which reference vector is located and 
correspondingly duty cycles have to be calculated, as described 
below 

 
Fig.4:  Space vectors of three level inerter. 

 
3.1 Identification of Nearest Three Vectors (NTVs) 

To identify the Nearest Three Vectors (NTVs), there is need to 
determine the small triangle in which the tip of the reference vector 
VREF is located. This is achieved by dividing large space into outer 
triangles by knowing the magnitude and angle of reference vector as 
shown in Fig.5. Boundaries of smaller triangle are defined by linear 
equations as 

 

321 pnVyk −=                   (1) 
)6(3322 pnpn VxVyk −−−=                 (2) 

)3(33 pnVxyk −−=                               (3) 
 

 
Fig.5: Division of large sector into smaller triangles 

 
Smaller triangles are located by evaluating signs of linear 
equations (1) to (3) as listed in Table-1.     

Table-1: Identification of Regions in a sector 

Sl.No Conditions Location 
1 k1 ≤ 0 &  k2  ≤ 0  &  k3 ≤ 0 Region-1 
2 k1 ≤ 0 & k2 ≥ 0 & k3 ≤ 0 Region-2 
3 If angle<30 o, k2 ≥ 0 & k3 ≥ 0 & k1 ≤ 0  Region-3 

4 If angle>30 o, k1 ≥ 0 & k2 ≥ 0 & k3≥0 Region-4 
 

 

3.2 Computation of Duty Cycle 

 In ordered to switch  identified NTVs , there is need of  duty cycle 
of each NTV for different regions. The computations of duty cylces 
for all four regions are given below 
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1. Duty cycles of NTVs for VREF lies  region-1 as shown in Fig.6a 
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  Where, m is modulating index  

2. Duty cycles of NTVs for VREF lies region-2 as shown in Fig.6b 
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3. Duty cycles of NTVs for VREF lies in  region-3 as shown in 
Fig.6c 
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4. Duty cycles of NTVs for VREF lies in  region-4 as shown in 
Fig.6d 
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Fig. 6: (a) Vref in region-1, (b) Vref   in region-2, (c): Vref  in region-3 and  (d) Vref  
in  region-4 

 
3.3 Switching strategy 

In this section switching sequences for different regions are 
presented to generate PWM switching signals.  In the proposed 
switching strategy, each switch is turned ‘ON’ once in each time 
period Ts.  The switching squence of all four regions  for the first 
sector is shown in Table-2. Similar switching strategy is applied to 
other 6- sectors and 24 regions referring to the Fig.4. 
 

Table-2: Switching Sequence for the first sector 

Sector-1 Switching Sequence 
Region-1 2,5,7,3,4,6,1  1,6,4,3,7,5,2  return 
Region-2 5, 7, 17, 4  4, 17,7,5  return 
Region-3 5,16.17,4  4,17,16,5  return 
Region-4 7,17,18,6  6,18,17,7  return 

 

4.0 TMS320F2812 DSP IMPLEMENTATION 
 

In the present work TMS320F2812 DSP is used to implement 
MSVSPWM. This DSP has a dedicated Event Manager (EM) 
module for generation of PWM pulses. Traditionally EM module is 
designed for two level converters. However with a modified 
switching strategy, this module is programmed to generate PWM 
pulses for three level NPC converter. The DSP has six compare 
units, that is CMPR1, CMPR2, CMPR3, CMPR4, CMPR5 and 
CMPR6 for the generation of PWM pulses to switches Sa1, Sa2, Sb1,  
Sb2 , Sc1 and Sc2   referring to Fig,2.  

The comparators and the timers have different modes of operation, 
which can be programmed using control registers GPTCON, 
COMCON and ACTR [13]. The GPTCON is programmed in 
continuous UP/DOWN count mode to implement symmetric 
SVPWM.  The COMCON register is programmed to get following 
functions. 

• The six comparators are enabled for PWM mode. 
• Timer 1 is used as time base for all the comparators, hence the 

synchronization ensured. 
• The comparator registers, ACTR register and period register of 

timer 1 (T1PR) are reloaded on period match.  

The ACTR register is used to program each comparator output either 
in Forced low or Forced high or Active high or Active low.  
Triangular wave is generated using GP timer1 and is compared with 
duty cycles of sector-1, region 2 for the generation of PWM pulses 
as shown in Fig.7.  Above realization procedures is followed for 
remaining sectors. The switching pulses are obtained from DSP 
F2812 for the sector 1, Region-1 are shown in Fig.8. It is observed 
that, during implementation of three level SVPWM complexity is 
reduced to that of two level. 

 
Fig.7: Generation of PWM pulses for phase-a, b and  c 

 

 
(b) 

 
 (c) 

 
(a) 
 

 
(d) 
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Fig. 8(a) 

 

 
(b) 

 
(c) 

 
 

Fig. 8: Switching signals for sector-1 of phase-a, phase-b and phase-c: (a) Region-
1 (b) Region-2 (c) Region-3 and  (d) Region-4 

 
5 GRID SIDE CONTROLLER 
The controller used for grid side converter is Voltage Oriented 
Control (VOC) [9-10] and is based on dq frame of reference. The 
reference current d-component i*

d is used to perform the dc voltage 
control while the reference current q component i*

q is controlled to 
obtain a unity power factor as shown in Fig.9. The d-q control 
voltages are given by. 

   q
d

ddd Li
dt
di

LRiviv ω+−−=                    (8) 

   
d

q
qqq Li

dt
di

LRiviv ω−−−=                    (9) 

 

 
           Fig.9: VOC Grid side controller 

Appropriate control voltages Vα and Vβ are generated by VOC based 
on the active power transfer and reactive power compensation. These 
control signals are used for switching signal generation by 
MSVSPWM model. Controller assures that power extracted from the 
wind turbine is instantaneously transferred to the grid at unity power 
factor by setting i*

q=0 as shown in Fig.9. These can be achieved 
using two control loops, the voltage loop is the outer loop and the 
current loop is the inner loop. The speed of outer loop must be 
slower than the inner loop to obtain good transient response.  
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5.1 Voltage Control Loop 

The block diagram of voltage control loop in s domain is shown in 
Fig.10. The DC-link voltage is controlled by means of the grid side 
controller, DC link capacitor taken as plant is given by [10]. 

   
sC

SG
dc

d
DC 4

3
=                                            (10) 

Where, Sd is the switching steady state signal on d-axis and is 
averaged its value as 1 and CDC is the DC link capacitor. 

 
Fig.10:  Voltage Control Loop 
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The parameter Kp  and Ti  in (11) is chosen in accordance with the 
“symmetrical optimum” [14]. The cross-over frequency is chosen at 
the geometric mean of the two corner frequencies to obtain 
maximum phase margin, which results optimum damping of the 
voltage control loop.  According to symmetrical optimum controller 
time Ti  is taken as  

    si TaT 23=   ,       a > 1                          (12) 
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Where, a is the responsible for cross over frequency and Ψ is the 
phase margin.  The crossover frequency is  
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The cross over condition is applied for (11) 

    1)( =cOL jG ω                         (15) 

The controller gain of voltage control loop is obtained from (15) and 
given by 
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To have the two complex conjugate poles of the closed loop transfer 
function critically damped (a = 2.4) 
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The designed values of controller parameter for the proposed system 
Kp =1.9, Ti=8.85 ms and band width         fbi = 45 Hz. The designed 
values are obtained for DC link capacitor CDC =500 μF and 
switching frequency fs=2 KHz  

5.2 Current Control Loop for d and q axis 
Both current loops have the same dynamics. The tuning will be made 
only for one current controller, assuming for the other current loop 
having the same parameters. The block diagram of the synchronous 
current controller working in d-q coordinates is shown in Fig.11.  

 
Fig.11: Current Control Loop 

 
The transfer function of the open loop is given by  
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Where, τ is the time constant of L filter and is given by L/R 

To achieve the “technical optimum” (i.e. 5% overshoot) [14], the PI 
integrator time constant Ti should be chosen equal to the plant time 
constant T and the constant Kp is given as. 
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Fig.12:  Bode Plot for open loop current control loop 
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Fig.13:  Bode Plot for closed loop current control loop 

 

The filter parameters considered for the proposed system are L=15 
mH and R=0.5 Ω, the designed values of controller parameter Kp=10 
and Ti  =5ms. The open loop and closed loop bode plots of current 
controller are plotted as shown in Fig.12 and Fig.13 respectively. It 
is noted from Fig. 12 that, the controller is stable and the phase 
margin is 51.2o

.  Further it is also observed from Fig 13 that, band 
width of current controller is obtained as 93 Hz. The speed of current 
controller is faster as compared voltage control loop i.e bandwidth is 
40 Hz.   

6.0 RESULTS AND DISCUSSION 
6.1 Modified Space Vector Switching PWM  

The performance of MSVSPWM is verified by simulating three level 
NPC converter connected to the R.L load. Simulation is carried out 
in MATLAB/ Simulink and tested for 2.5KVA and 0.9 power factor 
R-L load without controller. The line to line voltage of three level 
NPC converter is given in Fig.14 for Vdc=700 volts, m =0.85 and 
fs=2.0 KHz. 

 
Fig.14:  Line to Line Voltage  

6.2 Performance Evaluation  
 

The performance of proposed MSVSPWM algorithm for three level 
NPC converter is characterized by the Total Harmonic Distortion 
(THD), Weighted Total harmonic Distortion (WTHD) and DC mid 
point voltage.  

Advantage of proposed MSVSPWM over conventional SVPWM in 
terms of THD variation is shown in Fig.15. It is noted that for the 
linear modulation index, m<0.577 the MSVSPWM has the lower 
THD as compared to the Conventional Space Vector Space Vector 
PWM (CSVPWM). Further WTHD gives a better measure of 
harmonic pollution by using the order of each harmonic component 
[11]. It is noted from Fig.16 that, for linear modulation index 
MSVSPWM has the much lower WTHD than CSVPWM. Even after 
linear modulation index it is found that MSSVPWM has no much 
variation in THD and WTHD compared to CSVPWM. 

 

DC Bus mid point voltage 

In three level NPC inverters the dc bus capacitors carry the load 
current. The unequal loading of the upper and lower capacitors 
causes the mid point voltage to fluctuate. The dc bus mid point 
voltage variation (ΔVo) is estimated from dc mid point current (io) is 
given as:  

   dti
C

V
sT

o
DC

o ∫=∆
0

1                                                  (23) 

In proposed MSVSPWM small vectors are switched at the beginning 
and end of each state with equal ‘ON’ time to reduce voltage 
imbalance between the capacitors. The simulation results of DC bus 
capacitors and mid point voltage variation are shown in Fig.17.  It is 
noted that NPC inverter maintains the Vdc/2 around both the 
capacitors and fluctuation of mid point voltage is minimum 

 
 

Fig.15: Variation of THD versus Modulating Index ma 
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Fig.16: Variation of WTHD versus Modulating Index ma 

 

 
(a) 

 
(b) 

 

 
(c) 

Fig.17: (a) Voltage across capacitor Vc1. (b)  Voltage across capacitor Vc2          (c) 
Variation of mid point voltage of NPC converter 

 

6.3 Grid Side Controller 
 
The simulation parameters of filters and grid are listed in given in 
Appendix i.e Table-A1. The performance of grid side controller is 
verified for constant wind speed 8m/s and step change wind speed 
from 8m/sto 9m/s at t=3.5 sec as shown in Fig.18 and Fig.19 
respectively.  The output of grid side converter using proposed 
controller is shown in Fig.18. It is noted from Fig.18a balanced 
current is injected into grid for constant wind speed and the power 
injected into the grid is at unity power factor as shown in Fig.18b.  
This indicated by grid current is an anti phase with grid phase 
voltage-a. Power injected to the grid is 2KW as shown in Fig.18c.  
Further, performance of controller is verified for step change in wind 
speed from 8m/s to 9m/s as shown in    Fig.19a. At step change in 
wind speed, magnitude of converter peak current increases during 
transient period, but maintain balanced in nature as shown in 
Fig.19b. During change in wind speed active power delivered to the 
grid increases from 2KW to 3KW at unity power factor as shown in 
Fig.19d and Fig.19c.  
 

 
(a) 

 

 
(b) 

 
(c) 

Fig.18: (a) Balanced current is injected into the grid (b) Grid voltage and current  
(c) Power fed to grid 
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(a) 

 
(b) 

 
(c) 

(
(d)  

Fig.19: (a) Step change in wind speed from 8m/s to 9m/s at t=3.5 sec                    
(b) Balanced current is injected into the grid at step change in wind speed  (c) 

Grid voltage and current  (d) Power fed to grid 

6.4  DC link Voltage  
 

Variations of DC link voltage and voltage across capacitors of NPC 
inverter are shown in Fig.20 and Fig.21 respectively. It is observed 
from Fig.20 that, the DC link voltage is constant i.e 500V, but 
momentarily increases for step change in wind speed and attains 
nominal value at steady state. The balancing of voltages between the 
capacitors of three level NPC converter is effectively achieved as 
shown in Fig.21. It is observed from Fig.21a and Fig.21b that, 
capacitor voltages momentarily increases for step change in wind 
speed. 
 

 
Fig 20 DC link  voltage VDC 

 

 
(a) 

 
(b) 

Fig 21: (a) DC link voltage Vc1 (b) DC link  voltage Vc2  

 
6.4 Harmonic Analysis  
 
The harmonic analysis is carried out for one cycle of currents 
obtained from grid side converter using FFT routine of 
MATLAB. THD computed from magnitude of current harmonics 
for GSC is 4.26%, which satisfies IEEE STD- 519-1992. Further 
individual odd and even harmonics are compared with limits of 
IEEESTD1547 as shown in Table-3.  It is noted that the proposed 
controller satisfies IEEESTD- 1547 power quality benchmark 
during power conversion 
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Table-3: Comparison of odd  and even  current harmonic with IEEEstd1547 limits [15] 

Harmonic 
  

3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 TDD 
 Limit (%) 4.0 2.0 1.5 0.6 5.0 

GSC 
 

 
 

0.750 1.500 2.550 0.330 0.750 0.678 0.151 0.306 0.088 0.103 0.340 0.037 0.064 0.100 0.100 0.055 0.389 

Even Harmonics 

Harmonic 
  

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 

Limit (%) 1.0 0.50 0.375 0.150 

GSC 
 

 
 

0.942 0.201 0.480 0.227 0.150 0.269 0.135 0.190 0.231 0.132 0.068 0.140 0.092 0.050 0.097 0.142 

 

7.0 CONCLUSION 
 
Implementation of modified space vector switching PWM using DSP 
TMS320F2812 and design of grid side controller for three level NPC 
inverter were presented. It was observed that, complexity of three 
level space vector PWM is reduced to that of two level space vector 
PWM. Advantages of proposed switching strategy in terms of THD, 
WTHD and DC midpoint voltages over conventional space vector 
PWM were presented. Further, it was observed from the 
performance of grid side controller that, the controller 
simultaneously regulates DC link voltage, maintains power factor at 
unity and overcomes the problem of voltage imbalance that exists 
between the capacitors of three level NPC converter connected to 
grid. Finally it is concluded that the power injected to grid satisfies 
the IEEESTD-519-1992 and IEEESTD1547 power quality bench 
mark.  

8.0 APPENDIX 
 

Table-A1: Simulation parameters of filters and grid 
 

Sl.No Parameter Value 
1 DC link Capacitance C (µF) : C 500 
2 Resistance  R (Ω) :   R 0.5 
3 Inductance (H)  Lsi 0.05 
4 Grid phase Voltage (Volts)  Vph 140 
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