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Abstract 

Induction motor (IM) plays a vital role in industrial and 
domestic applications. Induction motors are widely used for 
its simple and rugged construction, relatively cheap, little 
maintenance, high efficiency and self- starting torque. 
Induction motors are classified as a slip ring induction motors 
squirrel cage induction motor. Among the two types of 
induction motors squirrel cage induction motor is preferred 
for its simple construction and easy control. The method of 
speed control of three phase Induction motor using V/F 
control is fed through the direct matrix converter. To make 
unity input power factor, the direct matrix converter rectifier 
side is controlled by GSPWM technique. The advantage of 
using direct matrix converter is that the dc-link storage is 
removed which will make the system rugged, robust and 
maintenance free. Apart from that, the use of GSPWM 
technique has drastically reduced the switching losses as 
explained. The controlling technique is also effectively 
upgraded and thus phase current waveform is obtained with 
less harmonic content. Also, the input power factor is to be 
obtained as unity with this proposed technique which will 
improve the power quality of the given system. The error 
speed signal is given to the IP controller on feedback system. 
Simulation is supported with MATLAB/SIMULINK and the 
result shows the performance of the proposed converter. 

Keywords: —Induction motor; Matrix converter; Voltage 
Frequency Control; Voltage Source Inverter; Generalized 
Scalar Pulse Width Modulation. 

 

I. INTRODUCTION 

As far as the machine efficiency, robustness, reliability, 
durability, power factor, ripples, stable output voltage and 
torque are concerned, three- phase induction motor stands at 
the a top of the order [1, 2]. Induction motors are broadly used 
in residential, industrial and utility applications. But they 
require much more complex methods of control, more 
expensive and higher rated power converters than DC and 
permanent magnet machines. Various techniques are in 
practice for induction motor speed control today.  

V/F is abbreviated from voltage/frequency. It is an induction 
motor control method which ensures the output voltage 
proportional to the frequency, so that it maintains a steady flux, 
preventing weak magnetic and magnetic saturation 

phenomenon. V/F control is to create a circuit called voltage-
controller oscillator with oscillator frequency. It is a voltage-
dependent capacitance, when subjected to a change in voltage; 
its capacity will change as well as change in oscillatory 
frequency, resulting in frequency variation. This controlled 
frequency controls the output voltage frequency to attain speed 
changes of the controlled electric motors.  

Asynchronous motor torque is a combined result of both stator 
flux and rotor flux. At rated frequency, if voltage is maintained 
constant the only way is reducing the frequency, then huge 
magnetic flux and magnetic saturation will be created 
(severely, it will burn motor). So, the frequency and voltage 
need to be changed proportionally. While changing the 
frequency, the AC drive output voltage to be controlled to keep 
constant flux and thus avoiding weak magnetic and magnetic 
saturation phenomenon. This control method is generally 
applied for fans and pumps [3]. 

 

A. Open Loop V/F Control 

It is one of the most common methods of speed control of an 
induction motor due to its simplicity and widely used in 
industries. For constant speed applications, IMs are used with 
conventional open loop 50Hz power supplies. Frequency 
control is natural for adjustable speed drive applications [4, 
14]. However, voltage is to be proportional with frequency to 
maintain constant stator flux if stator resistance is to be 
neglected. The diode rectifier is used in single or three-phase 
ac power circuit, PWM voltage-fed inverter and filter circuit. 
As a result, lot of harmonics also introduced in the power 
supply. For this control scheme, no feedback signal is required 
since open loop control. 

The PWM converter is combined with the inverter block. The 
problems which may be created in open loop drive are the 
following: 

1. As the rotor speed will be slightly less than the synchronous 
speed the speed of the motor cannot be controlled precisely 
and also, in this scheme the stator frequency and thus the only 
control variable is synchronous speed. 

2. The slip speed cannot be maintained which is the 
difference between the electrical rotor speed and the 
synchronous speed, as the rotor speed is not measured in this 
scheme. It leads to unstable region operation of speed-torque 
characteristics [5, 6]. 
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3. The stator currents can exceed the rated current by a 
large amount as the effect of above mentioned point thus 
endangering the inverter-converter combination. The problems 
may be rectified by outer loop formation in induction motor 
drive, where the actual rotor speed is compared with reference 
speed and the resultant error is processed through a PI 
controller [7]. A limiter is used to attain the slip-speed 
command. 

 

B. Conventional Closed Loop V/F Control 

In this method, the rotor speed can be measured using a sensor 
and compared with reference speed. The speed difference is 
considered as the error and fed to a Proportional controller. 
The P controller determines the inverter frequency. The 
frequency is taken as input for VSI which alters the terminal 
voltage consequently in order to keep V/f ratio is constant [8, 
15]. Fig.1 shows the block diagram which illustrates the closed 
loop V/F control using a VSI. 

 
Fig. 1 Block diagram of conventional V/F control of 

Induction Motor 

II. THEORY OF MATRIX CONVERTER 

The matrix converter has numerous advantages compared to 
traditional type power frequency converters. It offers input, 
output sinusoidal waveforms without sub harmonics and 
minimum higher order harmonics. It has necessary bi-
directional energy flow capability and also the input power 
factor is fully controlled. Also, it has minimum energy storage 
requirements and lifetime limited energy storing capacitors. 
But the matrix converter has also some disadvantages. The 
maximum input-output voltage transfer ratio is restricted to @ 
87 % for both input and output sinusoidal waveforms. It 
requires further semiconductor devices when compared to a 
conventional AC-AC indirect power frequency converter. 
Finally, it is particularly sensitive to the disturbances of the 
input voltage system         [9, 10]. 

 
2.1 The topology 

The matrix converter consists of 9 bi-directional switches that 
permit any output phase to any of input phases. The circuit 
scheme of a three phase matrix converter is shown in figure 2. 
The converter inputs are connected to a three phase voltage fed 
system like grid while the outputs are connected to a three 

phase current fed system like an induction motor. It is essential 
that the capacitive filter on the voltage fed side and the 
inductive filter on the current fed side which is shown  
in Fig. 2.  

Due to intrinsic bi-directionality, a dual connection will be 
possible for matrix converter that is a current fed system at the 
input side and a voltage fed system at the output side. 

With 9 bi-directional switches, the converter can be assumed 
512 (29) various switching state combinations. But all are not 
engaged usefully [11]. Consider that the converter is provided 
by a voltage source and feeds an inductive load, the input 
phases should not be short-circuited and the output currents 
must not be disturbed. So, these rules suggest that only one bi-
directional switch per output phase should be switched on at 
any instant. Due to this restriction, in a three phase to three 
phase matrix converter 27 switches are the permitted 
combinations. 

 
Fig.2 Circuit scheme of a three phase matrix converter 

 

III. GENERALIZED SCALAR PULSE WIDTH 

MODULATION TECHNIQUE FOR RECTIFIER 

STAGE OF MATRIX CONVERTER 

In nine-switch inverter shown in Fig.3, each leg is composed 
with three switches and two available output terminals. It 
results with two power units called top and bottom inverters in 
a dual inverter, with two sets of three-phase output terminals 
(abc and rst). The middle switch is shared in each leg by both 
two inverter units. It is very important that the nine-switch 
inverter can operate in both Constant Frequency (CF) and 
Different Frequency (DF) modes [12, 16]. Most of applications 
are found when operating in the Different Frequency (DF) 
mode, i.e. with both inverter units operating independently 
[13]. That is why; the overview process for nine-switch 
inverter is supported by considering it will be always in the 
Different Frequency (DF) mode. 

3.1  Topology Constraints and Scalar PWM Approach 

By reducing the number of devices in nine-switch inverter 
topology creates certain switching difficulties which will be 
taken into account in PWM technique. Actually, for each leg of 
the nine-switch inverter eight switching states are possible but 
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only three valid switching states are functioned. That is, one of 
the switches is always open and the remaining two kept closed. 
According to the switching state, various voltage levels can be 
maintained at each inverter output terminals [14]. The valid 
switching states with respect to output voltages for the inverter 
leg ar are explained in Table I.  

TABLE I 

Switching 
State Sa Sar Sr Va0 Vr0 

1 On On Off +Vdc/2 +Vdc/2 

2 On Off On +Vdc/2 -Vdc/2 

3 Off On On -Vdc/2 -Vdc/2 
 

By considering Table I, it is possible to calculate that the 
switch Sj controls the output voltage Vj0 as follows:  

vj0 = (2Sj − 1)
  

where, Sj = 0 and Sj = 1 represents switch open and close 
respectively. j = {a, b or c}.  

The duty cycle Dj of switch Sj in the top inverter will be 
calculated by taking the average value in Tsw:  

Dj =
  

+
    

where  is the reference voltage applied at the output 
terminal j. Similarly from Table I, it may be calculated that the 
switch Sk, where k = {r, s or t}, controls the voltage vk0  by the 
following expression  

vk0 = (1 - 2Sk)  

where, Sk = 0 and Sk = 1 represents switch open and close 
respectively. 

Taking the average value in Tsw, it is able to calculate the duty 
cycle Dk of switch Sk: 

Dj =  
 
-
    

where  is the reference voltage applied at the output 
terminal k, which is equal to  (average value).  

It can be decided that switches Sj and Sk are in the same leg but 
having opposite behavior: for reference, while Va0 is positive 
when Sa = 1, Vr0 is positive when Sr = 0, and vice-versa. Due 
to this, the duty cycle Dk presents an opposite sign when 
compared to Dj. In Table I, it is clear that Vj0 ≥ Vk0 for all 
possible switching states. By taking into account the average 
value in Tsw, it can be found that Vj0 ≥ Vk0 and the given 
equalities must be obeyed for j and k in the same inverter leg.  

v∗ j0 ≥ v∗ k0 ⇐⇒ Dj ≥ 1 − Dk =  

Based on above, it is impossible for the nine-switch inverter to 
synthesize two pure sinusoidal voltages at the outputs j and k, 

since at some point the sinusoidal voltage at terminal k 
becomes greater than the one at j terminal. Nevertheless, this 
restriction can be compensated by scaling and shifting the duty 
cycle expressions of inverter units, such that Dj ≥ . 

3.2 Switching Loss Reduction in GSPWM Technique 

The possibility of changing the moment of clamping is to be 
achieved by lower switching losses in the controlled rectifier. 
Later, this technique was extended to three-phase VSIs [11]. 
They synchronized sectors of clamped voltage with the peak 
output inverter currents. 

To guarantee the switching loss minimization in all ranges of 
the output phase angle (φV −I), the approximation was adapted 
as a function of μ to execute the clamping segments in the 
positive and negative current peaks location. 

If μ = 1 is selected, the output phase which has the negative 
voltage with an uppermost absolute value is clamped in the 
negative point of the dc link, else, if μ = 0 is selected, the 
output phase which has the positive voltage with an uppermost 
absolute value is clamped in the positive point of the dc link. 
Consequently, with the suitable choice of μ, the peak absolute 
output voltage is always clamped as follows: 

If the peak absolute output inverter voltage is positive, select  
μ = 0, and if the peak absolute output voltage is negative, 
select μ = 1. For balanced three-phase output voltages, a pulsed 
pattern of μ along the time, alternating ones and zeros that 
change in each 60° of the output voltages, is obtained. 

If the designated logic is utilized, the clamped voltage 
segments are synchronized with output voltage peaks. 
However, it is preferred to synchronize these clamped voltage 
segments with the load inverter current peaks by reducing the 
switching losses. One simple way to solve this problem is to 
choose the value of μ from a set of three-phase logical signals 
shifted of an angle φμ from the desired output voltages [17]. 
This guarantees that the new pulsed pattern of μ lags the 
original pattern by the angle φμ. If the appropriate value of φμ 
is used; the clamped segments are synchronized with the peak 
of the currents as many times as possible. The lag φμ depends 
on the angle between the output voltages and currents φV −I, 
i.e., depend on the load displacement angle. However, this 
dependence is not linear. The reason is the following: 

Each output voltage is the most positive and negative only for 
1200 of the fundamental period, and only in these moments, 
can the respective output phase be clamped. 

Therefore, if the value φV –I is higher than 300 (inductive 
load) and φμ = φV −I, for example, the 600 clamped segment 
(centered in the 300 lag) passes the limits of the 1200 in which 
that phase is the most positive or negative. The final result is 
that, in one part of the 600 clamped segments, the correct 
output phase is clamped, and in the other part, an incorrect 
output phase is clamped. The results for this technique, where 
the displacement angle φV –I changes with an incremental step 
of 150. The clamped segments of v∗ j0 are produced in the 
moments when μ = 1, the output voltage is negative and the 
highest one is in absolute value, or μ = 0, the output voltage is 
positive and the highest one is in absolute value. These 
clamped segments of the reference voltage are synchronized 
with the peak of the current, showing the efficiency to decrease 
the switching losses [18]. 
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IV. PROPOSED MODEL FOR SPEED CONTROL OF         

3-PHASE INDUCTION MOTOR 

In the proposed model, a direct Matrix Converter is used with 
improved modulation technique which in turn reduces the 
losses also with comparative less number of switches. In 
conventional V/F control method, it was controlled in three 
steps i.e. the incoming ac power supply was rectified into dc 
voltage using rectifier at the input stage, at the next stage, this 
dc voltage was stored using dc-link capacitor and at the last 
stage inverter was connected which was used to feed the 
Induction Motor with controlled ac supply. The main 
disadvantage of using the dc-link capacitor at the second stage 
is that it makes the system bulky and needs maintenance time 
to time. Also, with the use of back to back converters the 
number of switches increased to eighteen which in turn 
increases the switching losses, generates more harmonics at the 
output and results in poor input power factor. Therefore to 
short out these problems, matrix converter is used as an 
alternative of back to back converter at the input which 
includes only nine bidirectional switches as shown in Fig. 2. 
The proposed model with matrix converter is shown in Fig. 3. 
 
To control the one of the switches in matrix converter two 
pulses are given. One pulse is attained through the GSPWM 
using sinusoidal reference input signal is used to maintain 
unity input power factor. The other pulse is obtained with 
SVPWM control which helps in maintaining the output current 
of matrix converter in sinusoidal form and fed to the stator of 
Induction motor as shown in Fig.2 The speed of the Induction 
motor is taken as feedback and compared to the given 
reference speed N*. The error of the speed is given to the IP 
controller in such a way that it gives the reference torque (T*) 
which converted it into equivalent voltage and fed to V/F 
control block [4].  
 

 
Fig. 3 Proposed Model for speed control of Induction motor 

 

The output of this block is in terms of magnitude and angle 
theta which is to be fed to SVPWM block as a reference input 
to get the desired output in terms of controlled pulses which 
drives the switches of matrix converter as is shown in Fig.2 the 
form of block diagram. The simulation results show the 
effectiveness of the proposed model. 

V.  SIMULATION RESULTS AND DISCUSSION 

Simulations are carried out for Induction motor using 
MATLAB software. The simulation parameters are as 
follows: 

 Power Supply (line to line Voltage) is 230V/50Hz. 
 Induction Motor with Number of Poles is 4 
 Stator Resistance is 0.4 Ohms 
 Rotor Resistance is 0.8 Ohms 
 Phase voltage frequency ratio is 3.7 
 All switches in MC are ideal 
 Modulation index for GSPWM is 0.9 

 

 
 

Fig. 4 Speed control of three phase induction motor 
 

The Fig.4 shows the speed control of three phase induction 
motor fed through direct matrix converter. The demultiplexer 
is connected to the stator current and rotor speed and 
electromagnetic torque and DC bus voltage. 
 

 
 

Fig. 5 Underloop MATLAB Block 
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The Fig.5 shows the under loop MATLAB block of space 
vector PWM VSI induction motor drive. The speed controller 
is connected to the Field oriented controller circuit which is 
used for induction motor drives.     
 

 
Fig. 6 Simulation Results 

 

The Fig.6 shows the variation of stator current, rotor speed, 
electromagnetic torque and dc bus voltage with time in the 
speed control of three phase induction motor.  

Table – II shows the parameters of three phase induction 
motor. 

TABLE II. MACHINE PARAMETERS 

Machine parameter Value with units 

Supply voltage (phase voltage) 230V 

Number of poles 4 

Stator Resistance (ohms) 0.4 

Rotor Resistance(ohms) 0.8 

Frequency (Hz) 50 

Stator leakage reactance (ohms) 0.4 

Rotor leakage reactance (ohms) 0.45 

V/f (phase voltage/frequency) ratio 3.7 
 

VI. CONCLUSION 

In this paper, the efficiency of the proposed technique has 
been clearly justified. For controlling the input current and to 
increase the input power factor, Generalized Scalar Pulse 
Width Modulation (GSPWM) technique is used which has the 
property of reduced the tracking error and switching losses. 
To control the output voltage, SVPWM technique is used. The 
stator current is approximately sinusoidal which contains 

fewer harmonics as desired. V/F controlling technique is 
being done very effectively. Also, the input power factor 
obtained in the proposed technique is almost unity. In future, 
instead of GSPWM technique, indirect matrix converter can 
be used for better performance. 
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