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In this paper, analysis and implementation of two schemes for current control based on space vector modulation are

proposed. A novel current control for vector control of the induction motor is presented in which the set of space voltage
vectors are determined according to the stator current error in a stator reference frame. An off line switching table based
on a software implemented comparator for minimizing this error has been implemented. Hence, optimal voltage vectors can

be obtained from the inverter by using a switching table based on the angular coordinate. On the other hand, a modified
predictive current controller based space vector modulation is proposed. In this technique, the space voltage vectors which
are required to minimize the motor current error are calculated using a discrete motor model every sampling time. The
proposed approach incorporates a modified conventional predictive current control with a new approach for reducing current

ripples and decreasing the switching frequency. Simulation and experimental set-up results show the advantages and good
performance of the two new modulation methods.
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1 INTRODUCTION

Pulse Width Modulation variable speed drives are in-
creasingly applied in many new industrial applications
that require superior performance [1–4]. In such applica-
tions, the current controller is the most fundamental and
important control loop for any variable speed drive sys-
tems [5–6]. The current controlled voltage-source invert-
ers are usually preferred for quick response and accurate
control [1–8].

The common strategies for current controllers can be
classified as linear, hysteresis, and predictive controllers
[7–13]. Each of these methods has individual properties
and can be appropriate for certain applications. In the lin-
ear one, a constant switching frequency can be obtained
but the controller parameters must be adjusted to opti-
mize the system transient response and to minimize the
magnitude and phase error in the line currents [5]. In
the basic hysteresis current control, the motor currents
are sensed and compared with their references using hys-
teresis comparators and the output signals are used to
drive the power devices directly. Excellent dynamic per-
formance can be obtained; however, the main disadvan-
tage is the variation of the switching frequency during the
fundamental period of currents [8–9]. Improved versions
of hysteresis controllers that use an adaptive approach
to produce a constant or nearly constant switching fre-
quency have been presented; but with some more com-
plexity than the basic ones [9]. However, a high switching
frequency at a lower modulation index may be achieved.

A predictive current controller that gives optimized per-
formance in steady state by predicting the voltage vec-
tor that keeps the current in its hysteresis band for the
longest time has been introduced [11–13]. The constant
switching frequency predictive current controller calcu-
lates the voltage vector command every sampling period,
which will force the current vector to its command value
[11]. However, it gives optimum performance in terms of
both accuracy and response time. It takes more calcu-
lations and requires a good knowledge of the load pa-
rameters. A simple current control was introduced which
works in the stationary coordinate and selects the inverter
voltage vector using a switching table and an electrically
programmable read only memory (EPROM) [10]. In such
methods possible error trajectories are predicted for the
complete set of available switching state vectors of the in-
verter. The voltage vectors which satisfy the optimization
criteria are selected when the current error exceeds the
limit. Minimization of the switching frequency or maxi-
mization of the time between two switching states is the
main objective of such methods. Constant switching fre-
quency predictive current control predicts the error cur-
rent at the beginning of each modulation period and eval-
uates the voltage vector to be generated by the PWM
during the next modulation cycle so as to minimize the
forecast error [9].

In this paper, a new space vector based current con-
troller for induction motor drive is proposed. In this tech-
nique, the set of space voltage vectors (including the zero
vectors) which are required to minimize the difference
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between the command current and the motor current are
predicted according to the space error magnitude between
them, and the position of the stator current in the α–β
plane. On the other hand, a new real time predictive cur-
rent control in which a design procedure giving the active
voltage vectors that can lead to a minimum current error
every sampling time will be described. The power spec-
trum of the current waveforms will be shown using Fast
Fourier Transform (FFT). Implementation of the two cur-
rent controller methods was made by means of a rapid
prototype system using the main processor of a standard
computer and some additional circuits.

2 CURRENT CONTROL BASED ON

SPACE VECTOR MODULATION

Principles of space vector based PWM inverter

To describe the inverter output voltages and to an-
alyze the motor current control method the concept of
complex space vector is applied. For an inverter feeding
a symmetrical three-phase induction motor without neu-
tral connection, the instantaneous voltages generated by
the inverter should satisfy the following expression [2]:

va(t) + vb(t) + vc(t) = 0 . (1)

Fig. 1. PWM inverter fed induction motor drive.

These three space voltages can be represented as vec-
tor [Va, 0, 0] placed along the horizontal axis, while vec-
tors [0, Vb, 0] and [0, 0, Vc] are delayed by 120−◦ and
240◦ from phase-a, respectively. On the other hand, the
three phases of the induction motor may be connected to
either the negative or positive rail of the DC supply, as
shown in Fig. 1. Therefore, there are eight possible in-
verter configurations. By using these switching functions
the stator space voltage vector can be expressed as [2]:

Vs(Sa, Sb, Sc) =

√

2

3
Ed

(

Sa + Sbe
j 2π

3 + Sce
j 4π

3

)

(2)

where, Sa , Sb and Sc are the states of the upper switches,
and Ed is the dc voltage.

According to the combinations of switching modes, the
primary space voltage vector Vs(Sa, Sb, Sc) is specified
for eight kinds of vectors. Here, V7(0, 0, 0) and V8(1, 1, 1)
are the space zero voltage vectors and the others are the
space nonzero active voltage vectors as shown in Fig. 2.

The inverter output voltage vector is kept constant
during the switching period, so the inverter current and,
hence, the motor currents can be controlled by choosing
the appropriate voltage vector.

Fig. 2. Representation of primary space voltage vectors.

Fig. 3. Possible 9 regions.

Conventional current control based on space

vector modulation

In this approach, the inverter is controlled according
to the vector control concept. The currentcontrol vector
controller working in α–β -coordinate as shown in Fig. 3.
The system forms an output current space vector accord-
ing to i∗sα and i∗sβ commands. The accuracy of current

formation is determined by the width of the hysteresis
zone of the three-level comparators [10].

The errors between the command and the actual stator
currents are computed as:

∆isα = i∗sα − isα , (3)

∆isβ = i∗sβ − isβ , (4)

were, ∗ is a symbol that denotes the command value,
is are stator currents, α–β -components in stator coordi-
nates. The digitalized output signals for the a -component
of the current controller are as follows:

∆isα = 1 for i∗sα > isα + band , (5)

∆isα = 0 for i∗sα = isα , (6)

∆isα = −1 for i∗sα < isα − band , (7)
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were, the band is the hysteresis band. Similarly for the
β -component:

∆isβ = 1 for i∗sβ > isβ + band , (8)

∆isβ = 0 for i∗sβ = isβ , (9)

∆isβ = −1 for i∗sβ < isβ − band . (10)

In this conventional method, the foregoing values have
been fed into two three-level comparators to achieve the
current control loop. Consequently, the error plane can be
divided into nine regions as shown in Fig. 3. The voltage
vector which forces the error back to zero can be easily
selected using Table 1. The zero states are applied sys-
tematically, which helps to reduce the inverter switching
frequency [10]. The current control in the coordinate sys-
tem of α–β -components gives the possibility to form the
inverter output currents in phases a , b , and c on the ba-
sis of the well known three to two phase transformation
[10].

This method is simple and gives good results but the
rectangular coordinate is not convenient to precisely se-
lect the inverter voltage vector. Also, commutation pos-
sibility for two IGBTs may occur and this will increase
the commutation losses.

Table 1. Rectangular co-ordinate based switching

∆isα = −1 ∆isα = 0 ∆isα = 1

∆isβ = −1 V5 V5 or V6 V6

∆isβ = 0 V1 V0 V4

∆isβ = 1 V2 V2 or V3 V3

Table 2. Angular co-ordinate based switching

φ1 φ2 φ3 φ4 φ5 φ6

∆is = 1 V2 V3 V4 V5 V6 V1

∆is = 0 V8 V7 V8 V7 V8 V7

∆is = −1 V4 V5 V6 V1 V2 V3

Proposed current control based on space vector

modulation

In the proposed method, the complex plane can be
divided into six regions and the magnitude of the current
error is divided into three regions. Then, the error plane
can be raised to 18 regions (ie double of the conventional
method). The digitalized output signals for the stator
current are as follow:

∆is = 1 for i∗s > is + band , (11)

∆is = 0 for i∗s = is , (12)

∆is = −1 for i∗s < is − band . (13)

Using the sector number and the stator current error the
voltage vector which is required to reduce the current
error to zero can be obtained from the proposed Table 2.

In the proposed method the full utilization of the pos-
sible voltage vector is more sequential and stable (ie
more periodic times for the IGBTs) and less commutation
losses may be obtained.

3 PROPOSED PREDICTIVE

CURRENT CONTROL

The constant switching frequency predictive current
controller calculates the voltage vector command every
sampling period, which will force the current vector to
its command value. A new real time predictive current
control, which will give the active voltage vectors that can
give the minimum current error every sampling time, will
be described. Now, the problem is to find the appropriate
voltage vector which will decrease the current error to
zero as fast as possible.

The operation of the system (motor model) is de-
scribed by the following equation:

vs(t) = Rsis(t) + σLs

dis(t)

dt
+ em(t) . (14)

Here; em(t) (the counter e. m. f vector) is expressed by

em(t) =
Lm

Lr

dψr

dt
. (15)

It is desirable to estimate the rotor flux because of the dif-
ficulty in measuring it directly and Eq. 15 can be written
in a differential form as follows:

vs(k) = Rsis(k) +
σLs

Ts

[is(k + 1) − is(k)] + em(k) (16)

where Ts is the sampling period.

The reference inverter voltage vector that will force
the current vector to follow its command value is calcu-
lated every sampling period. It is assumed that the in-
verter voltage and counter e. m. f vector of the motor are
assumed to be constant over the sampling period. The
voltage vector v∗s (k) is calculated by changing the cur-
rent is(k + 1) to follow the reference value i∗s(k + 1) as
given by the following equation:

v∗s (k) = Rsis(k)+
σLs

Ts

[i∗s(k + 1) − is(k)]+ em(k) . (17)

From Eq. (18) the angle of the command voltage vector
can be calculated from the following relation.

α = tan−1
v∗sq

v∗sd

. (18)

Using the voltage angle the location of the voltage vec-
tor can be determined with respect to the sector number.
Now, three possibilities are considered. The first one is
to use the location of the voltage vector and the nearest
voltage vector for the whole modulation period, and this
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Fig. 4. Block diagram of the vector controlled induction motor drive

can be easily determined with respect to the sector num-
ber. The second one is to calculate the switching times
for the power devices using space vector modulation. The
third one is to use the direction of the command voltage
itself and to insert its magnitude multiplied by the mod-
ulation index and a simple ramp modulator. The control
method described until now does not solve the problem
of current ripple. Now, the new proposed method with
decreasing stator current ripples is explained.

Table 3. Line current total harmonic distortion: THD%

THD %

Conventional current controller based 10.58space vector modulation

Proposed current controller based 8.01
space vector modulation

Conventional predictive current controller 8.98

Proposed predictive current controller 5.24

A new method for reducing the stator current ripples
has been presented. Our goal is to make the average out-
put current for one period equal to the current command.
The tolerance band around the current command which
gives indication about current ripples can be calculated.
So, the areas between actual current oscillations and its
command are minimized to reduce the current ripple. If
the derivative of these areas with respect to the switch-
ing time is set equal to zero, then the switching instants
of the power devices are obtained. For one sample time,
the stator current discrete equation can be expressed as
follows:

isd(k + 1) = isd(k) +
( 1

σLs

vs(k) −
Rs

σLs

isd(k)

+
L2

mpωr

σLsLr

isd(k)
)

Ts , (19)

isq(k + 1) = isq(k) +
( 1

σLs

vs(k) −
Rs

σLs

isq(k)

−

L2
mpωr

σLsLr

isq(k)
)

Ts . (20)

The foregoing equation includes the influence of the ap-
plied voltage vector on the current variation, taking the
operating condition into considerations.

The ripple areas can be calculated based on the values
of the sampling time, and the positive and negative slopes
of current equations. The on-time of the active voltage
vector can be obtained according to minimization of rip-
ple areas by the following equation [14]:

tsw =
2dI − (M+Ts)

2M+
−M−

. (21)

where dI is the maximum difference value between the
actual and command current, M+ , and M− are the
positive and negative s lopes of the stator current wave. In
abbreviation, the on durations of the active voltage vector
and the zero vectors are tsw and (Ts − tsw) respectively
and for every new cycle the time must be reset to zero.
It should be noted that if the time< 0 or > Ts the
active voltage vector must be turned on during the whole
sampling period.

4 SIMULATION RESULTS

Figure 4 shows the complete diagram for vector con-
trol of induction motor drives. A Matlab/Simulink model
was developed to examine the performance of current con-
trollers. The simulations use the parameters of the exper-
imental laboratory prototype listed in the appendix.

Conventional current control based on space

vector modulation

The performance of the induction motor drives using
the conventional method has been studied utilizing the
parameters of the actual prototype system. The research
has been carried out to explain the performance of a
whole vector control system including the performance of
the current controller. Digital simulation results of the
conventional method are shown in Fig. 5. The results
show that the torque and speed responses are fast and
highly dynamic.
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(a) Torque response (a) Torque response

(b) Speed response (b) Speed response

4

(c) THD for steady state stator current (c) THD for steady state stator current

Fig. 5. Conventional current control based space vector modulation

responses

Fig. 6. Proposed current control based space vector modulation

responses

Proposed current control based on space vector

modulation

Simulation of the proposed method is shown in Fig. 6,
where the torque and speed response are as fast as the
conventional one (ie good dynamic response). It is to
be noted that the torque ripples have been decreased,
moreover, the total harmonic distortion is less than in
the conventional method (see Table 3).

Conventional predictive current control

Simulation of the conventional method using space
vector modulation to obtain the switching times for the
power devices are shown in Fig. 7. It is clear that the
torque and current responses are fast. Moreover, the mo-
tor torque follows the load torque nearly and this means
good steady state performance.

Proposed predictive current control

Simulations of the proposed method using the magni-
tude of the dc link voltage and the command voltage angle
in order to obtain the α–β voltage required for space vec-
tor modulation to yield the switching times for the power

devices or to modulate this voltage using ramp modulator
are shown in Fig. 8. It is clear that better torque perfor-
mance and current response can be obtained. Figure 9
shows the torque comparison. It can be concluded that
the proposed method gives better dynamic and steady
state performance.

5 EXPERIMENTAL

MODELLING AND RESULTS

Hardware description

Today the development of drive control requires some
important capabilities like high calculating speed, low
cost, options for increasing performance, environment of
PC and data connection and software estimation. An in-
terface board inside the PC connects the parallel bus to
the main board (Extension Kit). This interface board is
located in the ISA-slot of the main board. Fast commu-
nication between the main processor and the I/O boards
is guaranteed by using a wide parallel 16 bit data bus.
The Extension Kit includes a board to send interrupt to
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(a) Torque response (a) Torque response

(b) Speed response (b) Speed response

(c) THD for steady state stator current (c) THD for steady state stator current

Fig. 7. Conventional predictive current control Fig. 8. Proposed predictive current control

Fig. 9. Torque response for proposed and conventional current
control methods.

the PC to synchronize the processing of the real time
task with the controlled system. The main program of
the software deals with initialization of I/O boards and
the control algorithm is executed within interrupt service
routine in which the A/D conversions for motor currents,
voltages and a speed card for motor speed and the real
motor are included.

A driving circuit is used to transmit the six base signals
required to turn-on or off the power transistors of the

inverter, and an opto coupler is used to provide isolation

between the power and the control potential by giving

a suitable dead time between the two transistors in the

same inverter branch, and also to prevent a short circuit

on the dc supply when two transistors in the same branch

are conducting at the same time [14]. The real time task

is executed under MS-DOS and the real time program is

executed using C language and the control algorithm is

executed and the output pulses will be sent to the inverter

through the drive board.

Proposed current control based on space vector

modulation

Experimental implementation of the whole vector con-

trol system including the current controller algorithm was

performed to verify the behaviour of the current con-

troller. In Fig. 10a, it is obvious that the stator current

can be controlled and the speed response is shown in

Fig. 10b. The torque response of the control system is

shown in Fig. 10c.
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(a) Actual and command stator current response (200 ms/div) (a) Actual and command stator current responses (100 ms/div)

(b) Speed response (2 s/div, 100 rad/s/div) (b) Speed response (2 s/div, 200 rad/s/div)

(c) THD for steady state stator current (1 s/div, 5 Nm/div) (c) Torque response (2 s/div, 5 Nm/div)

Fig. 10. Proposed current control based space vector modulation
responses

Fig. 11. Proposed predictive current control responses

Proposed predictive current control

Experimental implementation of the whole vector con-
trol system was performed to verify the behaviour of the
predictive current controller. It is obvious that the sta-
tor current can follow the command current as shown in
Fig. 11a. Figure 11b shows the speed response, which is
rather fast. Figure 11c shows the torque dynamic perfor-
mance for both transient and steady state.

6 CONCLUSIONS

The presented paper introduced two schemes for in-
duction motor drive current control based on space vec-
tor modulation. The essential features of the first scheme
is that the error plane raised to 18 regions, therefore, the
full utilization of the possible voltage vector is more se-
quential and stable and less commutation losses may be
obtained. The second scheme modified the predictive cur-
rent control method to calculate the voltage vector com-
mand every sampling period, which will force the current
vector to its command value. The two presented schemes
have various merits such as fast response, less current
harmonics, and low switching noises. The induction mo-
tor drive controlled by the two proposed current control
techniques was simulated using Matlab/Simulink package
programs. Moreover, its experimental set-up was build.
To validate the effectiveness of the two proposed current
control methods, the induction motor drive was subjected
to starting and reference motor speed disturbances. Dig-
ital simulation and experimental results in terms of mo-

tor stator current, speed, and torque responses were plot-

ted and obtained. The results prove the powerfulness and

effectiveness of the proposed control approach in sense

of fast response with less settling time and less over-

shoot/undershoot. Further, a comparison between the

conventional current control methods and the proposed

techniques was reported. The comparison results show

the superiority of the proposed control methods via the

high dynamic responses of induction motor drives. Also,

the proposed control methods investigated the harmon-

ics and induction motor losses values. It was found that

the present control method has the ability to reduce the

harmonics value via THD and where upon the induction

motor losses are reduced.

Appendix

The induction motor is a squirrel cage and has the

following data:

Rated power 1.5 KW
Rated line voltage 380 V
No. of pole pair 2.0
Stator resistance 7.4826Ω
Rotor resistance 3.6840Ω
Stator leakage inductance 0.0221 H
Rotor leakage inductance 0.0221 H
Mutual inductance 0.4114 H
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Moment of inertia 0.04
Supply frequency 50.0
Motor speed 1400 rpm
Rated load torque 11.0 Nm
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