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Implementation of Space Vector PWM for a
Two-Phase Three-leg Voltage Source Inverter

Chakrapong Charumit 1 and Vijit Kinnares2 , Non-members

ABSTRACT

This paper proposes the implementation of a
carrier-based balanced two-phase output space vec-
tor pulsewidth modulation (SVPWM) strategy for a
three-leg voltage source inverter (VSI). The princi-
ple based on analogue and digital techniques is fully
described. The space vector equivalent waveforms
and SVPWM patterns are generated by a digital sig-
nal processor (DSP). The correctness of the proposed
method is verified by calculated and experimental re-
sults.
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1. INTRODUCTION

Pulsewidth modulation (PWM) has been studied
for a long period in order to achieve better charac-
teristics such as wide linear modulation range, less
switching loss, less total harmonic distortion (THD)
and easy implementation[1],[2],[6],[8],[12]. Generally,
a PWM inverter plays an important role in indus-
trial and residential applications since it offers sev-
eral advantages such as reduced low order harmon-
ics, small filter size and light weight. In the past,
sinusoidal pulsewidth modulation (SPWM) was com-
monly used for an inverter and easily implemented
by an analogue technique based on a comparison
between a high frequency carrier wave and a sinu-
soidal reference wave. Presently, digital techniques
for generating PWM patterns seem to be more at-
tracted attentions due to the advent of a micropro-
cessor technology resulting in precision, ease of imple-
mentation and flexibility. SVPWM is well established
for a three-phase system with digital implementation.
The carrier-based SVPWM and digital SVPWM are
equivalent [12]. The implementation of SVPWM as
carrier-based PWM can be made by either an ana-
logue circuit or a digital technique. Although, for a
two phase system particularly for a three-leg inverter
[2-6],[11], there are a few publications to reveal the ex-
plicit principle and mathematically modulating func-
tions. As shown in Fig.1, a three-leg VSI providing
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two phase outputs is increasingly attractive for two-
phase drive applications due to good dc voltage uti-
lization, reduced total harmonic distortion of currents
and availability of three-leg modules[6],[11]. PWM
techniques especially based on SVPWM applicable
to this three-leg configuration have been proposed in
many publications [3-5],[11]. Although a SVPWM
strategy for the two-phase system offers many advan-
tages over other techniques, a mathematical approach
representing equivalent space vector still has not been
reported. Therefore, this paper focuses on the prin-
ciple and implementation based on the mathemat-
ical approach and DSP of the balanced two-phase
SVPWM applied to the three-leg VSI. The validity of
the proposed method tested with a balanced resistive-
inductive load and an asymmetrical parameter type
two-phase induction motor is demonstrated.

Fig.1: Two-phase three-leg VSI supplying a two-
phase induction motor

2. TWO-PHASE SVPWM STRAEGY

The principle of a modulation strategy of carrier-
based two-phase SVPWM using the three-leg VSI
is illustrated in Fig.2. vs∗

a , vs∗
b , vs∗

c are space vector
equivalent references of each phase leg. The mathe-
matical equations for the space vector equivalent ref-
erences will be derived and given in the next section.
Switched waveforms for each leg are obtained from
a comparison between a common triangular carrier
wave and each space vector equivalent reference. By
using phase leg b as a common phase leg, two-phase
outputs are achieved from a difference of voltages be-
tween points a-b denoting as “vd” and voltages be-
tween points c-b denoting as “va”. The resultant
fundamentals of the two phases have the same am-
plitude but different phase angle of 90 degrees.
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Fig.2: Principle of the proposed carrier-based two-
phase SVPWM.

2.1 Analogue implementation

The relationship between two-phase stationary (d-
q) and three-phase reference systems[3],[7] for the
three-leg VSI can be written in a matrix form as
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vcr
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where a zero sequence component (v0) is equal to
vbr. In order to achieve the phase difference angle
between vs

d and vs
q is 90 degrees, the three phase ref-

erence signals can be expressed as

var = m sin(ωt) (2)

vbr = m sin(ωt− π

2
) (3)

vcr = m sin(ωt− π) (4)

where
m = Modulation index and 0 ≤ m ≤ 1 .

In order to obtain the required three-phase refer-
ences for the three-leg VSI, a zero component is in-
troduced. The inverse matrix of (1) which is the re-
lationship for the transformation from a three-phase
system[7] into a two-phase system is obtained as
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vs∗

d = required direct axis reference
vs∗

q = required quadrature axis reference

vz =
vmax + vmin

2
(9)

where

vmax = Maximum
{
vs∗

d , vs∗
q , 0

}
(10)

vmin = Minimum
{

vs∗
d , vs∗

q , 0
}

(11)

The max/min expression centres the sinusoidal ref-
erence defined in (10-11) around zero at all times.
In order to achieve the switching patterns of the
SVPWM strategy as shown in Fig.2, a simple cir-
cuit for implementing space vector equivalent refer-
ences can be designed in accordance with (1)-(11), as
shown in Fig.3. The desired two-phase references are
rectified to produce their envelope magnitude, this
magnitude is scaled by 0.5 and is then added as an
offset to each voltage reference. The voltage drop
across bridge diodes is compensated by RComp. The
fundamental output voltages of the main power cir-
cuit can be derived based on (6-8) as

vd1 =

Amplitude︷ ︸︸ ︷
m
√

2Vdc cos
(
ωt− π

4

)
(12)

vq1 =

Amplitude︷ ︸︸ ︷
m
√

2Vdc cos
(
ωt +

π

4

)
(13)

Fig.3: Naturally sampled analogue space vector
modulator.

Waveforms obtained from (9)-(11) can be plotted as
shown in Fig. 4. The resultant space vector equiva-
lent waveforms (vs∗

a , vs∗
b , vs∗

c ) are illustrated in Fig.5



84 ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.7, NO.1 February 2009

which will be used to compare with the common tri-
angular carrier for generating SVPWM patterns. It
is noted that these waveforms are non-sinusoidal due
to the contamination of the zero signal. Space vec-
tor equivalent waveforms of phases a and b are out of
phase. The difference between these phase leg ref-
erences gives the two phase output references (i.e.
vs∗

d = vs∗
a − vs∗

b ,vs∗
q = vs∗

c − vs∗
b ) as shown in Fig.5.

Fig.4: Corresponding waveforms at various points
of the proposed analog circuit.

Fig.5: Phase leg reference and two-phase reference
waveforms

2.2 Digital implementation

The principle of the two-phase SVPWM for the
three-leg VSI is derived from the conventional three-
phase space vector modulation which divides into six
hexagonal sectors with 60 degrees displacement for

each sector [3],[8]. For the two-phase SVPWM, the
common leg is used. As a result, voltages between legs
provide two-phase outputs, namely vab as the main
winding voltage (vd) and vcb as the auxiliary wind-
ing voltage (vq). In the switching states of SVPWM,
the upper switches S1, S3 and S5 of the main power
circuit are assigned with either “1” or “0” equal to
turn-on and turn-off, respectively. The lower switches
S4, S6 and S2 are opposite states against the upper
switches in the same leg. The DC bus voltage is 2Vdc.
The switching states, corresponding output voltages
and space vectors are shown in Table 1.

Table 1: Switching patterns, output voltages and
space vectors in d-q plane

S1 S3 S5 Vd Vq SVn

0 0 0 0 0 SV0

1 0 0 2Vdc 0 SV1

1 1 0 0 −2Vdc SV2

0 1 0 −2Vdc −2Vdc SV3

0 1 1 −2Vdc 0 SV4

0 0 1 0 2Vdc SV5

1 0 1 2Vdc 2Vdc SV6

1 1 1 0 0 SV7

Fig.6: Eight possible stationary voltage vectors

As shown in Fig.6, there are six possible volt-
age vectors (SV1, SV2 . . . SV6). and two null vectors
(SV0, SV7) Four active vectors (SV1, SV2, SV4, SV5)have
a length of 2Vdc and two active vectors (SV3, SV6)
have a length of 2

√
2Vdc. Desired output voltage

space vector V ∗
o in a vector form, which is a rotating

vector with a circular trajectory, can be calculated
in terms of the average of a number of these space
vectors within a half carrier period in each sector as

V ∗
o = vo∠θ0 =

T1

∆T/2
U1 +

T2

∆T/2
U2 (14)

U1 = V1e
jα1 (15)
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U2 = V2e
jα2 (16)

∆T

2
= T1 + T2 + TSV 0 + TSV 7 (17)

where U1 and U2 are the two adjacent vectors; V1, V2

are the magnitudes of the space vectors; θ0 is sapling
position; α1, α2 are angles for the two adjacent vec-
tors; T1, T2 are active times for the two adjacent vec-
tors; TSV 0, TSV 7 are times for null vectors; ∆T is a
carrier period. Generally, for a symmetric space vec-
tor pulse pattern, space vector times for each zero
switching state (TSV 0, TSV 7) are set to be equal. The
relationship between active times and the desired out-
put voltage for each sector can be expressed in a ma-
trix form as

[
T1

∆T/2V1
T2

∆T/2V2

]
=

Vo

sin(α2 − α1)

[
sin(α2 − θ0

sin(θ0 − α1

]
(18)

Active space vectors, magnitude and location for all
sectors are shown in table 2.

Table 2: Definitions for Vectors U1 and U2 of
SVPWM

Sector U1 U2 V1 V2 α1 α2

1 SV1 SV2 2Vdc 2Vdc 0 π/2

2 SV3 SV2 2
√

2Vdc 2Vdc 3π/4 π/2

3 SV3 SV4 2
√

2Vdc 2Vdc 3π/4 π

4 SV5 SV4 2Vdc 2Vdc 3π/2 π

5 SV5 SV6 2Vdc 2
√

2Vdc 3π/2 7π/4

6 SV1 SV6 2Vdc 2
√

2Vdc 2π 7π/4

By using (18) together with Table 2, space vector
active times TSV 1, TSV 2 for sector 1 are arranged as
follows.

TSV1 =
M

2
sin

(π

2
− θ0

) ∆T

2
(19)

TSV2 =
M

2
sin (θ0)

∆T

2
(20)

where
M = Vo

Vdc
which is the modulation index.

It is noted that TSV1 + TSV2 ≤
∆T

2
. Using (19)

and (20) yields

TSV1 + TSV2

∆T/2
=
√

2Vo

2Vdc
cos

(π

4
− θ0

)
≤ 1 (21)

From (21), the condition for maximum possible mag-
nitude of
overlineV ∗

o,max occurs at θ0 = π/4 which gives Vo =√
2Vdc. As a consequence, 0 ≤ M ≤ √

2. The maxi-
mum phase voltage is approximately 70 % of DC-link
voltage [4],[5]. This characteristic is one of the major
advantages of the three-leg VSI.

3. MODULATING FUNCTIONS

In order to identify modulating functions of the
SVPWM, the calculation of switching times for the
overall sector in a period is performed.

Fig.7: Pulse pattern for the first sextant

Fig.7 shows example of the pulse patterns of the phase
leg voltages with respect to the midpoint of the DC
link voltage, corresponding space vector states, and
space vector times in the first sector for the conven-
tional space vector PWM with equally spaced zero
space vector SV0 and SV7 . The reference (aver-
age) values for the three-phase leg voltages over the
time interval ∆T/2 , which have a switching se-
quence for sector 1 in a half period of switching as
SV0 → SV1 → SV2 → SV7 [8] are

vao = Vdc

[
TSV 1

∆T/2
+

TSV 2

∆T/2

]
(22)

vbo = Vdc

[
− TSV 1

∆T/2
+

TSV 2

∆T/2

]
(23)

vco = Vdc

[
− TSV 1

∆T/2
− TSV 2

∆T/2

]
(24)

By substituting (19-20) into (22-24), phase leg ref-
erence voltages with respect to the midpoint of the
DC link voltage, which are modulating functions rep-
resenting equivalent space vectors, can be expressed
as

vao

Vdc
=

M

2

[
sin

(π

2
− θ0

)
+ sin(θ0)

]
(25)

vbo

Vdc
=

M

2

[
− sin

(π

2
− θ0

)
+ sin(θ0)

]
(26)

vco

Vdc
=
−M

2

[
sin

(π

2
− θ0

)
+ sin(θ0)

]
(27)

Similarly, according to Table 2 and (18), with the
same process, space vector active times and mod-
ulating functions for the remaining sectors can be
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achieved as shown in Table 3. Switching times T1,
T2 and T3 in the half period of the carrier for max-
imum M =

√
2 can be plotted as shown in Fig.8.

Corresponding phase leg reference voltage waveforms
can be shown in Fig.9. These are space vector equiv-
alent waveforms which will be used to compare with
the common triangular carrier to generate PWM pat-
terns.

Fig.8: Switching times and corresponding sectors

Fig.9: Calculated reference voltages of phase leg a,
b, and c for M =

√
2

4. EXPERIMENTAL RESULTS

Reference voltage waveforms and SVPWM pat-
terns are generated by using a dSPACE, DSP con-
troller board DS1104. The board consists of a digital
signal processor TMS320F240. The three leg IGBT
inverter is used with switching frequency of 5kHz and
dc link voltage of 300V. The R-L load (R=24 Ω,
L=426mH) for a balanced load case and an asym-
metrical parameter type two-phase induction motor

for an unbalanced load case (see parameters in Ap-
pendix A) are used.

Table 3: Switching times and modulating functions
for overall sectors.

Fig.10 shows the experimental space vector equiva-
lent reference waveforms. It is evident that the exper-
imental references are identical with the calculated
ones as shown in Fig.9. The phase difference angle
between va and vc is 180 degrees (out of phase) as
mentioned in the analogue implementation. Fig.11
shows the experimental two-phase output references
(i.e vab = va− vb and vcb = vc− vb) having phase dif-
ference angle of 90 degrees and sinusoidal waveforms.
The reason for obtaining sinusoidal waveforms of the
two-phase references is that the zero component is
cancelled. These confirms the validity of the pro-
posed technique. Output voltage and current wave-
forms can be shown in Fig.12 for the two-phase bal-
anced load. Fig.13 shows corresponding circular cur-
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rent vector trajectory. It can be seen that the am-
plitudes of the currents for each phase are equal and
the phase difference angle is 90 degrees thus giving
a circular shape locus due to the balanced R-L load.
The phase difference angle is also 90 degrees for PWM
output voltages.

Fig.10: Reference voltage waveforms for phase-legs
(500mV/div, 5ms/div)

Fig.11: Two-phase Reference waveforms

Fig.12: Two-phase output voltages (vd, vq) and
id, i(q) corresponding currents

Figs.14-15 show harmonic voltage spectrum in
peak values for two-phase outputs which harmonic
sidebands for both voltages are similar and around
at the multiples of the switching frequency (i.e. 5
kHz, 10 kHz, 15 kHz etc.). The inherent characteris-
tic of the harmonic sidebands is typical for a PWM
method. This confirms the correctness of the imple-
mented PWM strategy and the main power circuit

Fig.13: Current trajectory (1A/div)

Fig.14: Measured harmonic voltage spectrum of vd

Fig.15: Measured harmonic voltage spectrum of vq
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Fig.16: Two-phase motor currents and space vector
trajectory at motor torque of 1.25 Nm.

Fig.17: Torque-speed curves with a variation of in-
verter frequency.

operation. The peak fundamental values for both
voltages are considerably close. Fig.16 shows the mo-
tor current and its trajectory. The amplitude of the
main winding current is larger than that of the auxil-
iary winding current since the impedance of the main
winding is lower than that of the auxiliary winding
(see Appendix A). As a consequence the trajectory
shape is elliptical which the major axis is horizontal.
The capability of the proposed system for driving the
two-phase asymmetrical induction motor over a wide
range of speed is shown in Fig.17. At base inverter
frequency (50 Hz), the rated toque is obtained. How-
ever when decreasing the inverter frequency, the rated
torque could not be reached since the operating slip
is greater than the rated slip resulting in overcur-
rent. It can be seen that at a low speed region, the
motor gives a poor capability compared with a high
speed region. Therefore it is implied that this motor
type needs some control methods such as proposed in
[1],[9-10] to improve the better performance particu-
larly at low speed.

5. CONCLUSION

This paper has dealt with the principle and im-
plementation of two-phase SVPWM using a three-

leg voltage source inverter providing balanced output
voltages. The mathematical equations of space vec-
tor equivalent phase leg voltages have been derived.
The SVPWM pattern has been implemented by us-
ing a DSP board. The correctness of the proposed
technique is verified by calculated and experimental
results with R-L and motor loads.
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Appendix A: Parameters of the asymmetrical
two-phase induction motor.

1φ, IM, 370W, 220V, 1375rpm, 2.8A, α = 1.71
Main winding Auxiliary winding

R1 9.04Ω 45.25Ω
X1 13.73Ω 44.79Ω
R2 7.56Ω 26.76Ω
X2 6.87Ω 22.40Ω
Xm 234.96Ω 288.20Ω
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