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Abstract — Memory, speed, reliability, and efficiency 
are the main characteristics of concern in new 
contemporary control techniques of electric power 
converters. Space vector pulse width modulation 
(SVPWM) is a widespread digital compute-intensive 
control technique used in the control of power converters. 
This study aims to overcome the large number of 
calculations needed by the SVPWM algorithm, which 
limits its implementation in many advanced industrial 
applications. This paper presents a low-cost software 
implemented simplified SVPWM technique. The 
proposed strategy generates the inverter switching 
times in a straightforward manner with no need for 
complicated and time-consuming sector identification 
and look-up switching tables. A simulation study has 
been done using MATLAB/SIMULINK environment 
for the three-phase voltage source converter (VSC). 
The results in terms of total harmonic distortion (THD) 
in the converter line voltage are compared for the 
proposed technique, conventional SVPWM, and space 
pulse width modulation (SPWM). The execution time 
is reduced considerably with a slight increase in the 
value of THD and about 14.4 percent DC-link voltage 
utilization over the SPWM.

Index Terms: Offset voltage, sinusoidal pulse width 
modulation, space vector pulse width modulation and 
voltage source converter.
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I. IntroductIon

Electrical energy conversion is a common term 
nowadays [1]. Electrical energy conversion devices are 
ordinarily named converters. Electrical power converters 
have become extensively used with various types and 
ratings ranging from low voltage to high voltage in many 
industrial applications [2], [3]. Optimum voltage vectors can 
be exerted to the power grid or attached loads by various 
electrical power converters such as two-level voltage source 
converter (2L-VSC), matrix converter, AC / AC voltage 
converter, and multilevel inverters. In the midst of all these, 
the three-phase 2L-VSC is an interesting topology used in 
almost all drive applications because it covers both medium 
and high-power range applications. 

Besides, these converters can be controlled by many 
control techniques, which all aim to improve the converter 
efficiency by reducing the switching power loss and the ratio 
of total harmonic distortion (THD) in the converter output 
voltage [4], [5]. Among these control approaches, pulse width 
modulation (PWM) is the most common control method 
used in industrial applications these days. PWM has many 
different techniques [6], [7]. Sinusoidal and space vector 
pulse width modulations (SPWM, SVPWM) are the most 
well-known techniques among the PWM methodologies. 
The PWM technique is reliable when the current or voltage 
required for driving a typical load are to be obtained. Due to 
the lower harmonic current and the maximum output voltage 
conducted to load, the PWM procedure is generally used for 
AC drives [8], [9]. The vital objective in all PWM methods 
is to generate the necessary amplitude and frequency of the 
fundamental frequency component along with a reduction in 
the THD value [10], [11].

Carrier-based sinusoidal PWM generates gating signals 
for switches by comparing a modulating signal with a 
triangular carrier signal [4]. These modulating signals are 
usually three-phase sinusoidal reference waveforms. SPWM 
has a relatively high current harmonic content and THD 
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value compared with more sophisticated PWM methods; 
and, SVPWM is one of these methods [12]. SVPWM relies 
on the space vector distribution of a typical converter, and 
a specific reference voltage vector is synthesized by two 
active voltage vectors and one zero vector. The time values 
related to these three vectors are calculated and distributed 
according to some preferred time sequencing diagrams 
[13], [14]. Considering these time values for six sectors, a 
modified modulating signal is obtained and compared with 
a triangular carrier signal to get the switching pulses for all 
switches in a converter.

SVPWM is a superior digital PWM technique with 
many admirable advantages. It is a sophisticated, compute-
intensive, and possibly the best of all PWM methods for 
variable frequency drive applications [15]. However, a 
large number of calculations and incredible computational 
effort are essentially the main drawbacks of space vector 
modulation (SVM) [16]. A new simplified approach based 
on the principle of adding an offset voltage to the original 
sinusoidal phase reference signal to obtain a re-shaped 
signal to be used as a modulating signal has been developed 
in recent years [17]. This approach can be used with all 
PWM procedures. 

Following this procedure, SVM could be interestingly 
simplified and the modulating wave of SVPWM be 
generated directly from the three sinusoidal phase reference 
voltages [18]. Without any computational effort or time-
consuming calculations, SVM is introduced here in this 
work with MATLAB simulation to support and reinforce the 
use of VSCs controlled with this method for AC drives and 
industrial applications. 

The main contribution of this paper is a software-coded 
and implemented method for SVPWM simplification. This 
work also presents a comparative analysis of software 
implemented techniques (SPWM, conventional SVPWM, 
and the simplified SVPWM). Furthermore, the application 
of the offset voltage procedure to simplify SVM in a 
programmable code implementation is an intrinsic aim in 
this paper. Section II of this paper briefly considers VSCs 
and a basic power circuit for the three-phase 2L-VSC. 
Section III briefly presents and explains the pulse duration 
modulation techniques. Section IV contains the parameters 
and results of MATLAB simulation and related discussion. 
Section V concludes the results expected from the proposed 
method, and, finally, the references used are listed at the end 
of this paper.

II. power cIrcuIt for the three-phase 2L-Vsc
A VSC generates AC voltage from a DC voltage, and it 

can transfer power in either direction. The DC voltage always 
has one polarity, and the power reversal occurs through the 
current polarity reversal. With a voltage source converter, 
output voltage magnitude and frequency can be controlled 
independently. VSCs have many different configurations 
and topologies for single and three-phase systems [19], [20]. 
The two-level neutral-point-clamped converter, modular 
multilevel converter (MMC), variant MMC, and alternate-
arm converter (AAC) are all types of voltage source 
converters. There are also hybrid VSC systems, which aim to 
achieve low losses and high harmonic performance of MMC 
with a more compact design and greater controllability, but 
these concepts are still under research [21], [22].

Switching state Switches Vn States V0 𝛂𝛂𝛂𝛂0 

SA SB SC      

1 0 0 S1 S4 S6  +1  0 

1 1 0 S1 S3 S6  +2   

0 1 0 S2 S3 S6  +3   

0 1 1 S2 S3 S5  –1  0 

0 0 1 S2 S4 S5  –2   

1 0 1 S1 S4 S5  –3   

0 0 0 S2 S4 S6 V0 = 0 00 0 ـــــ  

1 1 1 S1 S3 S5 V7 = 0 07 0 ـــــ  

 

1
2  
3 dcV V=

2  
3 dcV

2
1 3  
3 2dc dcV V j V= +

2  
3 dcV

3
p

3
1 3  
3 2dc dcV V j V= - +

2  
3 dcV

2
3
p

4
2  
3 dcV V= -

2  
3 dcV-

5
1 3  
3 2dc dcV V j V= - -

2  
3 dcV-

3
p

6
1 3  
3 2dc dcV V j V= -

2  
3 dcV- 2

3
p

Table 1: Switching states and space vectors of the three-phase 2L-VSC.
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Fig. 1. 2L-VSC with an RL load [23]

Fig. 2. Output voltage vectors of the three-phase inverter with associated switching states in the complex α-β plane.
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This paper focuses on 2L-VSC since it is the simplest 
one for implementation in most of the electrical power 
conversion systems found today. The electric circuit 
studied here consists of a constant DC voltage source and a 
three-phase 2L-VSC connected with an RL load. 

1. Power Circuit of 2L-VSC 
The three-phase 2L-VSC has six power switches (s1 

– s6) in its power circuit, as shown in Fig.1 [23]. These 
switches should operate in a complementary mode to avoid 
the DC source short-circuit. The switching state of each 
of the power switches Sx with x = 1... 6, can be declared 
with switching signals Sa, Sb, and Sc corresponding to three 
phases as follows:

 

 1 4

1 4

 1   when   and  ,
0  when   and  ,a

S ON S OFF
S

S OFF S ON
ì

= í
î  

(1)

 

 2 5

2 5

 1   when   and  ,
0  when   and  ,b

S ON S OFF
S

S OFF S ON
ì

= í
î  

(2)

 
 3 6

3 6

 1   when   and  ,
0  when   and  .c

S ON S OFF
S

S OFF S ON
ì

= í
î

 (3)

The inverter output voltages can be defined with these 
switching signals as:
 vaN = SaVdc, (4)
 vbN = SbVdc, (5)
 vcN = ScVdc, (6)

where Vdc is the DC voltage connected to the inverter.

Considering the unit vector  2 /3 1 3   
2 2

j je= - +=a p  

which represents the 120º phase displacement between the 
phases, the output voltage vector can be defined as:

 
 ( )2

0  
2   .  
3

j
aN bN cN maxV v v v V e= + + =a a a , (7)

Where vaN, vbN, and vcN are the phase-to-neutral (N) 
voltages of the inverter. Various voltage vectors can be 
produced when the available switching states are applied 
to the inverter power circuit due to different configurations 
of the three-phase load connection to the DC source. The 
three-phase inverter has eight possible switching states 
that result in eight inverter output voltage vectors. These 
voltage vectors are listed in Table. 1, and shown in Fig. 
2, as six active vectors distributed in space and two zero 
vectors located at the origin of the complex α-β plane. All 

the six voltage vectors have the same magnitude of 2 
3 dcV  

but are displaced from each other by 60 degrees in space. 
As shown in Fig.2, the zero vectors V0 and V7 are equal to 
zero and located at the origin in the complex α-β plane.

2. Pulse-duration modulation techniques for inverters
Pulse-duration modulation (PDM) or pulse-width 

modulation (PWM), is a method of controlling the average 

Fig. 3. SPWM technique for the three-phase two-level inverter [18]
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power delivered by an electrical signal by effectively 
chopping it up into discrete parts. The average value of 
voltage (and current) fed to the load is controlled by quickly 
turning the switch on and off. The longer the switch is on 
compared to the off periods, the higher the total power 
supplied to the load. PWM is particularly suited for inertial 
loads such as motors, which are not easily affected by this 
discrete switching because they have inertia to react slowly 
[24]. The PWM switching frequency has to be high enough 
not to affect the load, and the waveform perceived by load 
should be as smooth as possible. The main advantage of 
PWM is that power loss in the switching devices is very 
low. When a switch is off, there is practically no current, 
and when it is on and power is transferred to load, there is 
almost no voltage drop across the switch. Power loss, i.e., 
the product of voltage and current, is thus in both cases 
close to zero. PWM also works well with digital controls, 
which, because of their on/off nature, can easily set the 
needed duty cycle. 

PDM can be used effectively in the control of VSCs, 
and it usually has various techniques. These control 
techniques are classified and depicted in [18]. This paper 
is dedicated to the study and analysis of output waveforms 
and performance of 2L-VSC with two of these main 
techniques plus a modified version of one of them: 
a. Carrier-based SPWM;
b. SVPWM or SVM (Continuous - Symmetrical PWM);
c. SVPWM with a reduced computational burden.

It is worth noting that the switching frequency of high-
power converters is constricted to some low values of 350 
Hz to 1 kHz to reduce/minimize the switching losses. This 
results in low values of mf that can be defined as the ratio of 
switching frequency to fundamental component frequency, 
where fsw = fcr for 2L-VSC, which, in turn, makes the 
inverter output voltage rich in harmonics. For this reason, 
mf should be a multiple of three to achieve symmetry, 
and the output voltage should be synchronized with its 
fundamental component to eliminate subharmonics.

3. The SPWM technique for three-phase 2L-VSC
The basis of the sinusoidal PWM technique for the 

three-phase 2L-VSC is shown in Fig. 3, where *
anv , * bnv , 

and *
cnv  are the three-phase modulating signals and vcr is 

the triangular carrier signal. 
The amplitude and frequency of the fundamental 

frequency component of the inverter output voltage can 
be controlled independently by the amplitude modulation 
index and frequency of the modulating waves, respectively.

The amplitude and frequency modulation indexes are 
defined by:

 ,  m cr
a f

cr m

V f
m m

V f
= = ,

where Vm, fm, and Vcr, fcr are the modulating and carrier 
maximum voltage and frequency, respectively.

For linear modulation, the modulation index should be 
in a range of  0 1 am£ £  for the inverter output voltage to 

be directly proportional to the reference voltage. When 
 1, a m crm V V³ ³  and the case called overmodulation 

occurs, where the inverter output voltage is no longer 
linearly proportional to the reference voltage. The 
maximum output line-to-line voltage that could be 
obtained with the SPWM technique used is about 0.612Vdc.

4. The SVPWM technique for three-phase 2L-VSC 
with the conventional algorithm

PWM has many different techniques with various 
bases; Unlike the SPWM where the three-phase reference 
voltages are modulated individually, the SVPWM uses 
a different approach of transforming the rotating three-
phase reference voltages to two voltages in the stationary 
reference frame, where they are expressed as a space 
vector Vabc in the complex α-β plane.

The SVPWM method is an advanced compute-
intensive PWM technique, and it is one of the best 
techniques for real-time modulation, which is why it is 
widespread in the digital control of VSCs and variable-
frequency drive applications [25],[26]. 

The three-phase 2L-VSC has six active vectors 
(V1 to V6) that divide the plane into six sectors in space 
(each one spans 60 degrees in space) and two zero vectors 
(V0, V7). With SVM technique, the reference voltage Vref 
is synthesized in various sectors by two adjacent non-zero 
vectors and one zero vector to produce a voltage that has 
the same fundamental volt-second average as the given 
reference voltage vector Vref over the modulation period 
Ts.

If the voltage reference vector is located in sector 
①, as shown in Fig. 4, the inverter cannot generate this 
reference voltage vector directly because the inverter has 
no output voltage vector that has the same magnitude 
and phase angle as this reference voltage vector. Instead, 
and according to Table 2, this reference vector can be 
synthesized from the inverter output voltage vectors based 
on the average Volt-Second Principle using two adjacent 
active vectors V1 and V2, and zero vector V0/7 as follows: 
firstly, the voltage vector V1 is applied with a duty time Ta, 
which results in an output voltage of magnitude V1·(Ta /
Tb) and the same direction as V1; secondly, another vector 
V2 is applied to time Tb to meet the magnitude and phase 
of the reference voltage vector Vref. An output voltage, the 
same as the reference voltage, can be obtained using these 
two steps over the modulation period Ts. Lastly, if the sum 
of Ta and Tb is less than the modulation period Ts, one zero 
vector V0/7 is applied for the rest of the time, where T0 = 
Ts – Ta – Tb. These three steps are presented in Fig. 5.

The dwell time durations T0.Ta.Tb can be determined 
by the Volt-Second Principle that can be expressed 
mathematically as:

 
 1 0/7

0 0

 . . . .
s a a b s

a a b

T T T T T

ref n n
T T T

V dt V dt V dt V dt
+

+
+

= + +ò ò ò ò
! ! ! !

. (8)

Assuming a constant DC-link voltage, we can write 
equation (8) in sector ① as:
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  1 2 0/7 0 .  .  .  .ref s a bV T V T V T V T= + +
! ! ! !

, (9)

 Ts = Ta + Tb + T0. (10)
The space vectors in (9) are expressed in polar form:

 
 ( )/3

1 2
2 2 .     .   
3 3

jj
ref ref dc dcV V e V V V V e= = =
! ! ! pq . (11)

Decompose equation (9) into its real and imaginary 
components:

 

 ( )

( )

2 1:     cosθ  
3 3
1:     sin θ             

,

.  
3

ref s dc a dc b

ref s dc b

Re V T V T V T

Im V T V T

ì = +ïï
í
ï =
ïî  

(12)

Solve two parts of equation (12) together with Ts = Ta + Tb + T0:

 Ta = Tsma sin (π/3 – θ), (13)
 Tb = Tsma sin (θ), (14)
 T0 = Ts – Ta – Tb. (15)

Note that ma is the Modulation Index, and 
3 

  ref
a

dc

V
m

V
=  

for SVM.
Similar calculations can be made for 

the duration times for the reference voltage vector in the 
remaining sectors ② – ⑥. 

The sequence, in which these dwell times calculated 
with (13), (14), and (15) are placed, is characteristic; the 
SVPWM scheme where the effective voltage vectors are 
placed in the middle of the modulation time interval is 
called symmetrical SVPWM, and this placement technique 
shows superior harmonic characteristics. 

Angle |θsector|                                                                                                         
 

  
 

Included Vectors V1.V2 V2.V3 V3.V4 V4.V5 V5.V6 V6.V1 

Sector Number (SN) 1 2 3 4 5 6 

 

3
p 2

3
p p 4

3
p 5

3
p 2p

Table 2: The voltage vectors available in each sector for reference voltage vector formation.

Fig.4. Reference vector rotation in the complex plane [18]

Fig. 5. Reference voltage vector generation process using two inverter-active voltage vectors [18].
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In this technique, time T0 of the two zero vectors V0/7 
is equally divided and distributed at the beginning and 
end of the modulation time interval Ts. This will result in 
a minimum switching frequency since every switch in the 
inverter is switched only once from an on state to an off 
state or vice versa in one sampling time interval.

The switching sequences in all six sectors for the 
symmetrical SVPWM technique are shown in Fig.6. The 
maximum magnitude of the reference voltage vector Vref.

max corresponds to the radius of the largest circle inscribed 
in the hexagon, as explained in [18]. This radius equals 
 / 3dcV , which is the maximum fundamental phase 
voltage achieved with the SVPWM technique. This value 
is about 15.5% larger than that of the SPWM technique. 
Substituting this value in ma, we can find the maximum 
modulation index for SVM as:

 
( )

,

3  / 3
 1

dc

a max
dc

V
m

V
= = , 

from which the modulation index for the SVM scheme 
is in the range of 

  0  1am£ £ . (16)

5. SVPWM technique for three-phase 2L-VSI with a 
reduced computational burden method

The conventional SVPWM has superior advantages 
and is preferable in many applications, but it also has 
its disadvantages. The conventional SVPWM scheme 
requires a whole host of calculations and a trigonometric 
computational effort to calculate the switching times of 
active voltage vectors. Nowadays, however, with the 
continuous technological advancement and development 
of more intelligent microprocessors and faster switching 
devices, nothing remains as it was before, and new 
techniques and methodologies are proposed, including the 
one presented in this study.

The presented method can considerably reduce the 
number of calculations and computational burden and make 
the concept of SVPWM more simple and more intuitive. 
The proposed SVPWM method is easily implemented 
by the carrier-based PWM technique based on the offset 
voltage procedure [18].

In the two-level sinusoidal PWM inverter, each 
reference phase voltage is compared with the triangular 

Fig. 6. Switching sequences in six sectors [18].
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carrier signal, and separate pole voltages are produced 
independently of one another. In the presented technique, 
a common-mode voltage is applied to the reference phase 
voltages to achieve the maximum possible peak amplitude 
of the fundamental phase voltage in linear modulation 
[27], where the magnitude of this common-mode voltage 
is determined from:

 
  

2
max min

CM
V V

V
+

=- . (17)

In equation (17), Vmax is the maximum magnitude of 
the sequenced three-phase voltages, while Vmin is the 
minimum magnitude of the three sequenced reference 
phase voltages. The introduction of this common-mode 
voltage in a sampling time interval results in centering the 
inverter-active vectors in the time interval as presented in 
Fig.7, making the SVPWM equivalent to the linear SPWM. 
To determine the reference pole voltages directly from the 
reference phase voltages, we first need to read the sampled 
instantaneous reference phase voltages Vas, Vbs, Vcs, and 
then calculate the time equivalent of these voltages termed 
as Tas, Tbs, and Tcs, respectively.

 

as
as s

dc

V
T T

V
= , (18)

 

bs
bs s

dc

V
T T

V
= , (19)

 

cs
cs s

dc

V
T T

V
= . (20)

Sort these times to find Tmax and Tmin, then the time 
corresponding to the common-mode offset voltage can be 
found from
 Toffset = (1/2)[Ts – (Tmax + Tmin)] (21)
and the pole voltage times are found from

 Tga = Tas + Toffset,  
 Tgb = Tbs + Toffset, (22)
 Tgc = Tcs + Toffset,  
where Vdc is the DC-link voltage, Ts is the sampling 
time, and Tga.Tgb.Tgc are the reference pole voltage-time 
equivalents. When these time signals are compared with 
the carrier-based triangular wave, the outputs are the 
gating signals for the upper switches in each inverter leg 
to be turned on. With the procedure of the aforementioned 
equations (18)–(22), the reference pole voltages are directly 
determined from the reference phase voltages without any 
heavy calculations or computational effort mentioned. A 
schematic diagram for this operation is introduced in Fig.8.

Since the offset voltage can be freely determined within 
specific limitations, in this way, many PWM techniques 
can be directly incorporated by using a convenient offset 
voltage depending on the reshaped pole voltage reference, 
and this alteration leads to a shift in the zero-vector time 
distribution. Thus, without any change in its duty cycle, 
the position of the effective voltage can be relocated in the 
sampling interval, as the three-pole voltage references are 
changed with the offset voltage. 

Fig.7. Centering the effective voltage vectors for symmetrical SVPWM [18].
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6. The overall control procedure
The proposed simplified SVPWM for the three-phase 

2L-VSC -fed RL load can be summarized as follows:
Step 1: Sample the three-phase sinusoidal reference 

voltages, determine the associated time 
equivalents by equations (18) to (20).

Step 2: Sort these times to find Tmax and Tmin.
Step 3: Calculate the offset voltage-time equivalent Toffset 

using (21).
Step 4: Add the time offset calculated in step 3 and the 

equivalent time references to find the pole voltage 
times from (22).

Step 5: Compare the waveforms that result from step 4 
with the triangular carrier signal to find switching 
pulses of the upper switch in each inverter leg.

III. sIMuLatIon resuLts and dIscussIon
To assess the performance of the proposed simplified 

SVPWM method based on the offset voltage, the output 
characteristics were compared with the conventional 
SVPWM and the SPWM procedures using MATLAB/
SIMULINK software. The simulation results and expected 
performance of the three techniques, including SPWM, 
conventional SVPWM, and the proposed reduced SVPWM 
with an offset signal, are shown ordered in each Figure 
with (a), (b), and (c), respectively.

The simulation conditions are constant DC-link 
voltage Vdc = 400 V, modulating signal frequency fm = 50 
Hz, frequency modulation index mf = 9, 15, and variable 
amplitude modulation index ma = 0.1, 0.9, and 1.15, with 
the inverter output connected to an RL load with R = 10 
Ω, L = 100 mH. Simulation is performed for fcr = 450 
Hz and 750 Hz corresponding to mf = 9, 15 to achieve 
synchronization and waveform symmetry [28]. The system 

steady-state is investigated with the three algorithms. 
The results for modulation indexes 0.1, 0.9, and 1.15 are 
presented in Fig. 9, Fig. 10, and Fig. 11 for mf = 9, and in 
Fig. 12, Fig. 13, and Fig. 14 for mf = 15, respectively. The 
sampling time for all three algorithms is Ts = (1/fcr) s, given 
that fcr = mf × fm.

It is worth mentioning that the execution time for the 
proposed method is shorter than that of the conventional 
SVM since the number of sector-time calculations is 
reduced considerably in the former. Close inspection 
shows that the output voltage produced by the presented 
technique is closer to the result from the SPWM than 
that of the conventional SVPWM, although its harmonic 
content is less than that of SPWM but higher than that 
of the conventional SVPWM. The fast Fourier transform 
(FFT) analysis of the inverter line voltage with the three 
techniques is shown in Fig. 15. 

The data shown in the Figure indicate that the 
conventional SVM has the fundamental output voltage of 
363.7 V, which is 0.167 times more than that of the SPWM 
(311.6 V), while the fundamental output voltage of the 
simplified SVM (357 V) is 0.144 times greater than the 
fundamental line voltage of the SPWM. The THD values 
are 79.28%, 62.27%, and 65.38% for the three methods 
(SPWM, conventional SVPWM, and simplified SVPWM), 
respectively. Such results assure that the technique 
proposed can be implemented instead of the conventional 
SVM control method with the benefit of getting a shorter 
execution time and similar performance parameters like 
peak output voltage and THD value. Shorter execution 
time opens the way for a lower-cost microprocessor to be 
used for implementing such a control circuit, in addition 
to fast response and lower memory usage characteristics, 
which will be achieved with the simplified SVM control 
method.

Fig.8. Equivalent SVPWM technique using the offset voltage [18].
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(b) 

 

 
(c) 

 
(a) 

 

 
(b) 

 

 
(c) 

 
(a) 

 

 
(b) 

 

 
(c) 

(a) (b)

(c)

Fig. 9. Simulation results with ma = 0.1 and mf = 9 (fsw = 450 Hz) for (a) SPWM, (b) conventional SVPWM, and (c) SVPWM 
with offset signal.
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(a) 
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(c) 

(a) (b)

(c)

Fig. 10. Simulation results with ma = 0.9 and mf = 9 (fsw = 450 Hz) for (a) SPWM, (b) conventional SVPWM, and (c) SVPWM 
with offset signal.
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Fig. 11. Simulation results with ma = 1.15 and mf = 9 (fsw = 450 Hz) for (a) SPWM, (b) conventional SVPWM, and (c) SVPWM 
with offset signal.
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Fig. 12. Simulation results with ma = 0.1 and mf = 15 (fsw = 750 Hz) for (a) SPWM, (b) conventional SVPWM, and (c) SVPWM 
with offset signal.
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Fig. 13. Simulation results with ma = 0.9 and mf = 15 (fsw = 750 Hz) for (a) SPWM, (b) conventional SVPWM, and (c) SVPWM 
with offset signal.
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Fig. 14. Simulation results with ma = 1.15 and mf = 15 (fsw = 750 Hz) for (a) SPWM, (b) conventional SVPWM, and (c) SVPWM 
with offset signal.
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 Fig. 15. FFT analysis of the output line voltage expressed as a % of fundamental line 
voltage with ma = 0.9 and mf = 15 (fsw = 750 Hz) for (a) SPWM, (b) conventional SVPWM, 
and (c) SVPWM with offset signal.
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IV. concLusIon

Several PWM techniques can be used to control 
three-phase Voltage Source Converters for industrial and 
variable frequency AC drive applications. This paper 
proposes a software preprogrammed code for SVPWM 
implementation with a reduced computational time strategy. 
The simplified SVPWM method relies on the offset voltage 
principle and factors in the symmetry and synchronization 
achieved between the output voltage and its fundamental 
component to remove any possible subharmonics. SVM 
utilizes the DC voltage more efficiently than the SPWM 
since its output voltage is about 15.5% greater than that 
of SPWM. Conventional SVM is a superior modulation 
technique but its enormous number of calculations needed 
to determine the switches gating signals struggles and 
diminishes its application in relatively small real-time 
implementations. The proposed simplified SVM method 
avoids the conventional time-sector calculations and 
reproduces approximately the same modulating signal as 
the conventional way, directly from the sampled sinusoidal 
three-phase reference voltages without any appreciably 
mentioned calculations. 

The simulation results indicate that the performance 
achieved is very similar to that of the conventional SVM 
but with a decreased algorithm execution time, which 
allows using lower-cost microcontrollers for the same 
components and circuit utilization. The proposed method 
waveforms have an appearance similar to that of the 
SPWM and performance parameters roughly like the 
original SVPWM.
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