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Abstract
This paper presents a generalized and compact space vector modulation algorithm valid for both (a, b, c) and (x, y)
coordinates, suitable for triangle comparison modulators. The proposed algorithm uses a two base-vectors duty cycle
computation by mapping the solution space into only three parallelogram shaped zones (Fig. A). This generalized algorithm
is especially suited for vector control applications requiring high dynamic response and for applications where changes
in demand may happen at a frequency comparable with the modulator's carrier frequency. Several carrier base modulation
methods extensively described in the literature are obtained from the proposed generalized space vector modulation
algorithm with the introduction of the null vector ratio δ. The proposed method has been experimentally tested, and a
practical implementation of the generalized algorithm with low computational requirements is presented.

(a) Zones for D0,z0+2 = 0
Fig. A: Normalized averaged inverter’s output mapped in the hexagonal space

Introduction
The standard voltage source inverter (VSI) shown in Fig. 1 can be
found in many modern applications, as part of complex topologies
such as the dual converter [1], multiphase configurations [2, 3],
induction motor drive applications [4, 5], or in general applications requiring precise control of power flow from AC to DC or
vice versa [6]. Much research have been devoted towards the
development of efficient ways for controlling this type of converters
with a low computational burden in its implementation [7, 8], or
attaining low common mode voltages [9], low harmonic contamination [10, 11], reduced switching losses [12], low electromagnetic interference [13] and flexibility in the selection of the
modulation strategy while using standard control hardware [14].
From the techniques used in the control of power converters such
as delta modulation, selective harmonic elimination, hybrid pulse
width modulation (hybrid-PWM) techniques, among others [10],
carrier based PWM [15] has been in general the preferred choice,
and over the past decades several variants of this technique have
been studied [16, 17, 18, 19]. With the availability of a constantly
increasing processing power, high performance control strategies
based on space vector theory become possible, and Space Vector
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(b) Zones for D1,z1+2 = 0

Pulse Width Modulation (SVPWM) [20] seems especially suited
for these and similar high dynamic control schemes, hence
SVPWM has also been a subject of extensive research, in [21] a
generalized discontinuous PWM scheme is proposed. Also, optimal algorithms for the implementation of general SVPWM have
been presented in [7, 8, 22, 23].
This work proposes an algorithm specially suited for applications
requiring frequent changes in modulation strategies, such as the
one presented in [6] or, in general, for the generation of a per carrier period average voltage space vector. The main contributions
made in this paper can be summarized as follows
– Development of a unifying algorithm for implementing all the
modulation strategies with central symmetry pulses, that can be
indistinctly applied to systems described either in natural coordinates or using space vectors in coordinates.
– Definition of a sector identification expression that uses only
the sign function, logic comparisons and the arithmetic operations
addition, subtraction and multiplication.
– Application of the algorithm to continuous or discontinuous
modulation such as SVPWM, DPWMmin, DPWMmax,
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DPWM(0,1,2,3), [7, 16, 21] through the use of closed form formulas
employing a single parameter for implementing the desired modulation strategy.
– Generation of the duty cycle for each converter's branch
required for synthesizing an average space vector →
v , using standard PWM circuitry with a reduced number of operations, suitable
for implementation with low end micro-controllers.
As pointed out previously, the proposed algorithm uses two basevectors defining three parallelogram shaped sectors or zones, covering the hexagonal space produced by the converter shown in Fig.
1. The use of one clamped converter branch helps to visualize the
synthesis of the space vector with the switching of the remaining
branches (two base-vectors modulation technique).
Seven experimental examples using the proposed technique have
been tested in the laboratory and the results show the advantages
of using a generalized algorithm in its own coordinates system.
The proposed algorithm has been applied successfully to a dual
converter employed as a rectifier with power factor regulation and
bidirectional power flow [24].

Generalized space vector modulation
The typical three phase converter shown in Fig. 1 has 43 = 64 possible states, of which 33 = 27 are allowed (those that do not short
circuit the DC link) and only 23 = 8 states have a single power
device turned “on” in each branch. Three of these states can be
considered a base to produce the remaining five states, vectors
(α0, α1, α2), corresponding to states (1, 0, 0), (0, 1, 0) and (0, 0, 1)
respectively. In this representation a “1” corresponds to an upper
power device turned “on” in the inverter branch, while the lower
device is turned “off”, and a “0” corresponds to a lower power
device turned “on” while the upper device is turned “off” in the
inverter branch.

Fig. 1: Voltage source inverter (VSI) circuit diagram
space covered by the base vectors. The method uses a two basevectors technique suitable for triangle intersection modulators,
also known as carrier based modulators. This generalized method
can be applied to systems described in natural coordinates (a, b, c)
or in systems described using space vectors (x, y); to achieve this,
compact expressions for sector selection using only basic mathematical operations are introduced. However, there are other
switching strategies, such as type III and type IV sequences [25],
or special sequences for ripple minimization that are not suitable
for standard triangular carrier implementations [10, 26] and therefore are not covered by the proposed generalized algorithm.

Any average voltage space vector can be obtained by using
Clarke's transformation:

The ratio of the time spent in state (0,0,0) versus the time spent in
state (1,1,1), when both vectors are used to synthesize the zero
vector in a particular PWM period, has been traditionally used as
the base for different generalized SVPWM algorithms [14, 16]
[27, 28, 29]. This ratio will be referred in this work as the null vector ratio δ, and will be used both for natural coordinates and for
space vector description. In general δ can take any value between
zero and one and, at the same time, this value can be altered from
control period to control period, depending on the modulation
strategy. For δ = 1, the zero vector is synthesized by using only
state (0,0,0), similarly for δ = 0, the zero vector is synthesized by
using only state (1,1,1).

r
v = ξ vaNα 0 + vbNα1 + vcNα 2

Generalized space vector modulation in (x, y)

(

)

(1)

ξ usually takes the values 1, 2/3 or √2/3. Normalizing by ξVDC, the
per unit vector is,
r
1
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VDC aN

(

=

)
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(

) (
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(

) (

)
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where vaN, vbN and vcN are the phase voltages with respect to the
DC supply's negative rail, as shown in Fig. 1, α = ej2π/3, and Da,
Db, Dc are the duty cycles for each inverter branch.
The instantaneous space vector's magnitude in the VSI depends on
the value of ξ, and it is found to be va_maxα0 = vb_maxα1 =
vc_maxα2 = ξVDC. However, with the use of pulse width modulation each branch's average voltage can be controlled during a carrier signal's period.
This paper proposes a general and compact SVPWM algorithm
for synthesizing any space vector, in the normalized hexagonal
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coordinates
Modern control strategies are usually described using a two coordinates representation of electric space state variables such as
voltage, current, flux, etc. For three phase systems, this space vector description has the advantage of reducing the number of equations required for a dynamical modeling of the system under
control. Although the duty cycles required by the physical VSI can
be readily obtained by using a two-phase to three-phase transformation of the demanded voltages, a direct procedure based on the
modulation of two active branches is proposed in this work.
Basic underlying method: The core idea of the proposed method
is based on synthesizing, in an averaged sense, any normalized
space vector →
vpu = vx + jvy by adjusting the “on” time of the two
neighboring base vectors (α0 and α1, α1 and α2, or α2 and α0)
during the switching period of the modulator. Fig. 2 shows the
synthesis of a space vector falling inside the area covered by the
base vectors (α0, α1) and the decomposition of the space vector in
fractions of the corresponding base vectors [30]. Fig. 2a corresponds to a synthesis of the null vector using state (0,0,0) and Fig.
2b to the synthesis of the null vector using state (1,1,1).
For the decomposition shown in Fig. 2a, one of the phases is
always “off”, so, the synthesis of space vector →
v pu is done by
applying the base vectors α0 and α1 for lengths of time equivalent

31

José Restrepo, José M. Aller, Alexander Bueno, Víctor M. Guzmán, María I. Giménez, Universidad Simón Bolívar

(a) Null vector using (0,0,0)
(a) Parallelogram zones for z0 (D0,z0+2 = 0)

(b) Null vector using (1,1,1)
Fig. 2: Space vector decomposition as fraction of neighboring
base vectors for the cases where the null vector is synthesized
with (0,0,0) shown in (a) or (1,1,1) shown in (b).
to DaTs and DbTs respectively, while the branch associated with
the base vector α2 is always “off” (i.e. in low level). Ts is the modulator’s carrier switching period. From Fig. 2a, the projections of
the space vector →
v pu into base vectors α0 and α1 (Da,Db) are:
vy
 2π 
 2π 
Da = vx + ∆vx = vx − Db cos   = vx − vy cot   = vx +
 3
 3
3
2vy
vy
Db =
=
(3)
 2π 
3
sin  
 3

The proposed procedure can be explained as follows:
Definition of terms and parallelogram zones: The null vector can
be obtained using only state →
0 0 = (0, 0, 0) or state →
0 7 = (1, 1, 1).
When the null vector is synthesized using only state →
0 0, the hexagonal space is divided in three parallelogram zones z0 = {0,1, 2}
as shown in Fig. 3(a). In this case, the space vector is synthesized
with the non-switching branch in state “0”. Otherwise, when the
synthesis of the null vector is done solely with state →
0 7, the hexagonal space is divided in the three parallelogram shaped zones
z1 = {0,1, 2} shown in Fig. 3(b), and the space vector is synthesized with the non-switching branch in state “1”. The two threeparallelogram sets are represented as zn, where n = {0, 1}, for
operation in z0 or z1. Each parallelogram is bounded by two vectors. In z0 the vectors are (αz0, αz0+1) and in z1 the vectors are
(–αz1, –αz1+1), where α = ej2π/3. Each parallelogram can be iden-
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(b) Parallelogram zones for z1 (D1,z1+2 = 1)
Fig. 3: Normalized inverter's output mapped in the hexagonal
space
tified by the vector αz0 (Fig. 3(a)) or –αz1 (Fig. 3(b)), which are
respectively the first base vectors in the boundary of the corresponding parallelogram zone for a space vector →
vpu moving anticlockwise. The general zone, zn = {0,1, 2}, can be rotated to the
base parallelogram (zonez0=0) defined by vectors α0 and α1
As shown in Fig. 3, the non-switching branch's state Dn,zn+2 = n
defines the operation for n = 0 (Fig. 3(a)) and for n = 1 (Fig. 3(b)).
The algorithm for the synthesis of space vectors using both
descriptions shown in Fig. 3 can be simplified with the use of a
sector identifier N ∈ {0, …, 5}, obtained from the space vector's
angle θ using,
 3θ 
N =  ,
π

 vy 
θ = arctan  
 vx 

(4)

where [x] = max {n ∈ Zn ≤ x} = floor (x). Zones z0 and z1 are
defined using the sector identifier N with the following expressions,
N 
z0 =  ,
2

 N + 3
z1 = 

 2 

(5)

z0 and z1 are modulo 3 integers.
Duty cycles for the generalized zone: From (2) the normalized
space vector →
vpu can be written using the following notation:
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r
vpu = D0α 0 + D1α1 + D2α 2

(6)

Using a more general notation, (6) becomes,
r
vpu = Dn,znα zn + Dn,zn+1α zn+1 + Dn,zn+2α zn+2

(7)

The two vectors decomposition shown in Fig. 2 can
be obtained from (7) by enforcing two restrictions.
First, one of the branches is not switching, zn is
selected so that branch zn + 2 is the non-switching
branch, this means that Dn,zn+2 can take the values
{0, 1}. The second restriction forces the duty cycle
of the switching branches {Dn,zn, Dn,zn+1} to be in
the range [0<–––>1]. The decomposition described
by (3), corresponding to zn = 0, can be generalized
to any zone zn by re-writing (7) as

(vr

pu

− α zn+2 Dn,zn+2 α -zn = α 0 Dn,zn + α1 Dn,zn+1 (8)

)

Fig. 4: Space vector synthesis using the transference from parallelogram
This means that zone z0 = 0, bounded by vectors α0
zonezn to the base parallelogram zonez0=0
1
and α , is used as the base parallelogram for producing the duty-cycles Dn,zn and Dn,zn+1, required
by any vector in zonezn. The synthesis of a normalized space vec- using only state (0, 0, 0) [7, 16], is provided by the following
tor in zonezn using the base zone is achieved by shifting the space expressions:
vector →
vpu defined in equation (2), adding vector – αzn+2Dn,zn+2
(corresponding to the non-switching branch) and rotating the
D0,p = vpN − vmin
p = a, b, c.
(13)
resulting vector an angle α–zn, as shown in Fig. 4.

(

)

and for zero vector synthesized using only state (1,1,1):

Defining the normalized and rotated vector as,
r
v ' ( zn) = vx' + jvy' = vpuα -zn

(9)

D1,p = 1 + vpN − vmax

(

)

p = a, b, c.

′
and replacing
(9) in (8),

where the voltages are normalized by VDC and,

r
v ' ( zn) − α 2 Dn,zn+2 = α 0 Dn,zn + α 1 Dn,zn+1

(10)

vmin =

Replacing in (10) the duty cycle for the non-switching branch
Dn,zn+2 = n, and the values for α0, α1 and α2, (10) becomes,

vmax =

′ 1
1
3
3
vx' + jv y' −  + j  n = Dn,zn −  − j  Dn,zn+1
2 
2 
2
2

(11)

1

VDC

(14)

min( vaN , vbN , vcN )

1
max( vaN , vbN , vcN )
VDC

These two possible ways to synthesize a space vector will be used
afterwards in the scalar version of the generalized SVPWM algorithm.

The resulting duty cycles are,
Dn,zn = vx'
Dn,zn+1 =

+

vy'

2vy'

Dn,zn+2 = n

3

3

Generalized SVPWM using the null vector ratio δ

+n

+n

(12)

A parameter similar to the null vector ratio δ has been traditionally
proposed as a control parameter to define several modulation techniques [14, 16, 21, 28, 29]. As a simple first modulation strategy,
δ provides a way to combine the resulting duty cycles obtained
when the zero vector is synthesized using states (0, 0, 0) and (1, 1, 1).
For a more general modulation strategy, this parameter can be a
function of the space's vector angular position.

where Da = Dn,0, Db = Dn,1 and Dc = Dn,2, and the sub-indexes
operate using (mod 3) arithmetic.

Application of null vector ratio δ for (x, y) coordinates

Generalized space vector modulation in natural

The duty cycles for the VSI switches in the generalized vector
based algorithm are obtained by averaging the ones calculated
from (12) for both possible states, n = {0, 1}, by using the null
vector ratio δ with the following expression,

coordinates (a, b, c)
A simple SVPWM implementation in natural (a, b, c) coordinates
using normalized phase voltages, when zero vector is synthesized
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Dk = δ D0,k + (1 − δ ) D1,k

k = {0,1, 2}

(15)
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Table I: Duty cycle selection using z0 and z1
Dn,0

zn

vy

vx +

0

3

1

Dn,1

−v x +

n
vx −

2

vy

3

2vy

+n

+n

The practical implementation of the modulation algorithm is simplified by defining the following intermediate variables,
v
(16)
f x = vx ;
fy = y .
3
Using these variables, the sector identifier N(fx, fy) is:

 3θ  5

1
N ( f x , f y ) =   = − sgn( f y )  H ( f x − f y ) + H ( f x + f y ) +  (17)
π
2
2
 


Where H(⋅), the Heaviside function, commonly known as the step
function, is zero for a negative argument and one otherwise.
N(fx, fy) locates the space vector to be synthesized in one of the
zones in the hexagonal space, and defines the expressions needed
for computing the required duty cycles Da, Db and Dc, presented
in Table II. This sector identifier is obtained using only magnitude
comparisons and simple arithmetic operations such as additions
and multiplications.
Table II is filled row by row using the following procedure:
– First, the sector identifier N is obtained from (4) to determine z0
and z1;
– Sub-index zn in (12) is replaced, as indicated in Table I, to
obtain the resulting duty cycles;
– The final expression for Dk is obtained as a function of δ, fx and
fy by applying (15);
– Select the null vector ratio δ for the desired modulation.

3

Dn,2
+n

vy

n

+n

3

−v x −

−

n
Da = D0 = δ 0 + 1 − δ

() (

)( f

x

vy

3

2v y
3

+n
+n

+ f y + 1 = Dc + f x + f y

)

Db = D1 = δ − f x + f y + 1 − δ 2 f y + 1 = Dc + 2 f y

(

) (

)(

)

Dc = D2 = δ − f x − f y + 1 − δ 1 = δ − f x − f y − 1 + 1

(

) (

)( ) (

)

Table II can be used directly for implementing the generalized
SVPWM as a function of the null vector ratio δ.
Application of null vector ratio δ for natural coordinates
For natural coordinates, the duty cycles for the VSI switches in the
generalized vector based algorithm are obtained using (15). In this
case, the duty cycles D0,p and Dl,p are given by (13) and (14), and
the averaged duty cycles are:
Dp = (1 − δ ) 1 − vmax − δvmin + vpN

(

)

{ p = a, b, c}

Since in natural coordinates the different modulation strategies are
obtained by zero sequence component injection [19, 28, 31], the
zero sequence voltage required by the selected modulation strategy
is,
v0 = (1 − δ ) 1 − vmax − δ vmin

(

)

Dp = v0 + vp

{ p = a, b, c}

The classical SVPWM can be obtained by selecting δ = 1/2

– For N = 3, z0 = 1 and z1 = 0;
– The duty cycles are selected from Table I, according to z0 and z1,

Generalized modulation methods using δ

D0,0 = 0
D0 ,1 = −vx +
D0,2 = −vx −

vy

3

vy

3

= − fx + fy
= − fx − fy

z1 = 0

D1,0 = vx +

D1,1 =

vy

3

2v y
3

+ 1 = fx + fy + 1

+ 1 = 2 fy + 1

D1,2 = 1

– The final duty cycles as a function of δ, fx and fy are obtained
using (15),

34

(19)

and the duty cycles are,

For example, the entry corresponding to N = 3 is obtained as follows,

z0 = 1

(18)

(20)

As mentioned in the introduction, the number of modulation
methods is in theory infinite, depending on the choice of the null
vector ratio δ, but only a few have been reported to be of practical
use [30, 32]. The modulation methods can be divided in continuous
PWM (CPWM) and discontinuous PWM (DPWM) in natural or
(x, y) coordinates. The general method proposed in this work
reproduces the modulation strategies SVPWM, DPWM0,
DPWM1, DPWM2 and DPWM3 presented in [16]. This is done by
setting the null vector ratio δ depending on the angle θ of the
demanded inverter space voltage vector →
vpu = vx + jvy. Table III
presents the δ value for each modulation strategy.
Although the generalized algorithm is the linear combination of
two discontinuous modulation methods (DPWMmin and
DPWMmax), the standard sinusoidal modulation can be represented
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Table II: Expressions for duty cycles required in the practical implementation of the generalized algorithm
N

z0

z1

Da

Db

Dc

0

0

1

δ(fx + fy – 1) +1

Da – fx + fy

Da – fx –fy

1

0

2

Db + fx – fy

δ(2fy – 1) + 1

Db – 2fy

2

1

2

Db + fx – fy

δ(– fx + fy – 1) + 1

Db – 2fy

3

1

0

Dc + fx + fy

Dc + 2fy

δ(– fx + fy – 1) + 1

4

2

0

Dc + fx + fy

Dc + 2fy

δ(– 2fy – 1) + 1

5

2

1

δ(fx – fy – 1) +1

Da – fx + fy

Da – fx – fy

by adjusting δ as a function of the space vector's angle θ. As an
example, if a sinusoidal signal of maximum amplitude is to be
synthesized in each branch, this has to be centered around VDC/2,
resulting for a three phases system in a constant zero sequence
modulation strategy. In this example, the duty cycles are,
1
Da (t ) = 1 + sin(ω t + φ )
2
1
Db (t ) = 1 + sin(ω t + φ − 2π / 3)
2
1
Dc (t ) = 1 + sin(ω t + φ − 4π / 3)
2

(21)

1

1

DPWM2
(22)

(23)

2

1

DPWM3

{k = 0,1, 2}

2

n1 

1 + −1 



2

n2 

1 + −1 

1

DPWM0

Replacing (22) in (15), the null vector ratio δ results in,
3
− ∑ D1,k
δ= 2
∑ (D0,k − D1,k )

δ
1
0
1/2

Modulation
DPWMmin
DPWMmax
SVPWM

DPWM1

resulting in,

3
Da (t ) + Db (t ) + Dc (t ) =
2

Table III: δ value for some common modulation strategies
using the proposed Generalized Algorithm [24]

( )

( )


(n 1 +1) 
1 + −1


( )


( n +1) 
1 + −1 2 


2


( )

 2

1
n1
1
1
 3 vrx − 2
−

 −1 + 2
vry
2
 vrx + 3 − 1




( )

SPWM

vrx + jvry = vx + jv y ⋅ α

)

(

For a vector voltage's angle in the range 0 < θ < π/3 → N = 0,
and replacing the duty cycles from (12), the resulting null vector
ratio δ is:

− π3 n 1

For (x, y) coordinates:

n 1 = N = 2.5 − sign( f y )  H f x − f y + H ( f x + f y ) + 0.5

(

)

n 2 = 3.5 − sign( f x + 3 f y )  H f x + H ( f x − 3 f y ) + 0.5



 2
1 
 3 vx − 2 
δ =

vy


− 1
 vx +

3 

( )

(24)

For (a, b, c) coordinates:

n 1 = N = 2.5 − sign( vbN − vcN )  H ( vaN − vbN ) + H ( vaN − vcN ) + 0.5

If the space's vector angle θ is outside the range [0, π/3], →
vpu can
be rotated

n 2 = 3.5 + sign( vcN )  H ( vaN ) + H ( vaN + vcN ) + 0.5

This expression for the null vector ratio can also be obtained
directly from natural coordinates using (19),

π
− N
α 3

1
− vmax
δ= 2
1 − vmax + vmin

to be represented by (24),
− N
r
vr = vrx + jvry = ( vx + jvy )·α 3

π

(25)

Finally, the description of SVPWM with the generalized algorithm for any vector →
vpu = vx + jvy, can be obtained using the following value for δ,



 2v −1
1
 3 rx 2
δ =
−  −1
2
v

 v + ry − 1
rx


3

( )

(27)

Since the null vector ratio δ can be described either in (x, y) coordinates using (26) or in natural coordinates (a, b, c) using (27), the
computational burden of coordinates transformation is eliminated.

Experimental results
N

+

1
2
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(26)

In the practical implementation of any algorithm there are several
factors that need to be considered to optimize the code length and
complexity of the operations used. For low end processors, no
transcendental functions should be employed, and the number of
operations must be kept to a minimum. To achieve this with the
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proposed generalized algorithm, the intermediate variables
defined in (16) are used for operation in (x, y) coordinates.

Pulse deletion
PWM master switch period selection

The superposition of the parallelogram zones in the hexagonal
space shown in Fig. 3 results in the traditional six triangular sectors. Table II presents the duty cycles corresponding to each sector identifier N in the hexagon, as a function of the null vector
ratio δ. This table is a direct representation of the practical implementation of the generalized algorithm.

With this setup the PWM circuitry is operating at 10 kHz switching
frequency, and the registers for programming the PWM duty
cycles use integers in the range [0 <–––> 800] for duty cycles
between 0 % and 100 %. Figs. 5 and 6 show the current and trigger
signals for phase “a” when, respectively, the modulation methods
DPWMmin, DPWMmax, DPWM0, DPWM1, DPWM2 and DPWM3
are applied to the power converter for a circular trajectory in the
linear region with a modulation index of 0.866. Although the trigger
signals for the VSI devices have different shapes, the current
waveforms and their harmonics content appear the same for the
six different modulation methods.

For the algorithm practical implementation, computation of the
null vector ratio δ in Table III for DPWM0, DPWM1, DPWM2 and
DPWM3 is simplified by extracting the least significant bit (LSB)
of n1 or n2 as follows,

δ = not(n1 & 1)
δ = not(n2 & 1)
δ = (n1 & 1)
δ = (n2 & 1)

Table IV: Computational burden for different SVPWM
strategies

Table IV shows the computational burden for different modulation
strategies, and Table V shows the execution time for the experimental implementation done in this work.
The proposed generalized algorithm was implemented on a custom build floating point DSP (ADSP-21061-40 MHz) based testrig. The power stage uses six 50 A, 1200 V, IGBTs with a 2200 µF
450 V capacitor in the DC link. The load is made of three star connected inductors with L = 10.0 mH, and R = 0.05 Ω.
The PWM signals are obtained from a motion coprocessor
ADMC-201AP with the following operating conditions:
Clock Frequency
Dead time

(a) DPWMmin

8 MHz
500 ns

function

δ
DPWM0 DPWM1 DPWM2 DPWM3
constant

Multiplications
Sums
Logic Operations
sign( )

7
10
2
1

6
11
3
1

8
15
5
2

6
10
3
1

8
14
5
2

(x,y) coordinates

→
→
→
→

Multiplications
Sums
Logic Operations
min( )
max( )
sign( )

5
6
2
2
0
0

6
11
2
2
3
1

6
10
2
2
3
1

6
10
2
2
3
1

6
9
2
2
3
1

(a,b,c) coordinates

DPWM0
DPWM1
DPWM2
DPWM3

500 ns
800

(b) DPWMmax

(c) DPWM0

Fig. 5: Experimental phase “a” current and trigger signal for DPWMmin, DPWMmax and DPWM0 methods.

(a) DPWM1

(b) DPWM2

(c) DPWM3

Fig. 6: Experimental phase “a” current and trigger signal for DPWM1, DPWM2 and DPWM3 methods.
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(a) Phase voltage and spectrum (SVM) (b) Phase voltage and spectrum (DPWMmin)

(d) Phase current and spectrum (SVM)

(c) Phase voltage and spectrum (DPWM3)

(e) Phase current and spectrum (DPWMmin) (f) Phase current and spectrum (DPWM3)

Fig. 7: Experimental phase “a” voltage and current harmonics spectrum for three modulation methods SVM, DPWMmin and
DPWM3
Table V: Execution time for different SVPWM algorithms,
running on a DSP-21061 at 40 MHz
Modulation
Method
DMPWMmin
DMPWMmax
SVPWM
DMPWM0
DMPWM1
DMPWM2
DMPWM3

(x, y) coord.

Time in µs
(a, b, c) coord.

1.62

1.03

2.18

2.13

2.15

2.10

The harmonic content of the phase voltages and load currents for
three modulation methods (SVM, DPWMmin, DPWM3) are shown
in Fig. 7. As mentioned before, it can be seen that the voltage
waveforms are different for each modulation method, and the
effect on the high frequency current harmonics is negligible.
There are minor differences in the low order voltage harmonic
content for the modulation methods analyzed in this work.

Conclusion
A generalized method using a two base-vectors algorithm for producing per phase duty cycles, for references in vector (x, y) and
natural (a, b, c) coordinates has been proposed. The proposed generalized modulation method is especially suited for controllers
requiring high dynamic response such as FOC, DTC, DPC, etc.,
and does not require additional coordinate transformations. This
method can be used to adaptively select the most suitable modulation strategy that reduces the current stress and minimizes the
inverter switching losses, by properly selecting the null vector
ratio δ, depending on the current vector magnitude and position
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[6]. An advantage of the proposed generalized method is that it
employs the triangle intersection technique and the resulting duty
cycles can be readily fed to existing carrier based PWM modules.
The mathematical operations required by the practical implementation of the proposed generalized algorithm are simple multiplications, additions, and logical comparisons used to reduce the
number of jumps in the low level code, making it suitable for its
implementation in low performance processors.
For modern control applications with high computational loads,
the algorithm runs in about 2.0 µs, corresponding to 2 % of the
control cycle defined in the test rig DSP controller and presents a
low sensitivity in execution time for the different modulation
methods, independently of the coordinate system used to describe
the space vector demanded to the modulator. Several modern
modulation techniques were obtained with the proposed generalized algorithm by adjusting the modulation ratio δ in selected
areas in the hexagonal space. Additionally, the proposed approach
leads to a reduction in the computational burden of these modern
modulation methods compared with the conventional implementations. The performance of the generalized algorithm has been
verified in a VSI test rig, and the experimental results obtained
with each of the tested modulation strategies are in complete
agreement with the ones available in literature [16, 21, 33].
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