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Abstract 
 

Switching algorithms of Matrix converter such as Venturini control algorithm, 
Space vector modulation (SVM) and carrier based modulation methods are 
simulated here. The values of third, fifth and seventh harmonics of output 
voltage fed to the induction motor in terms of percentage of fundamental 
output voltage is measured for all the three methods and compared with each 
other. The output voltage transfer ratio of all the switching algorithms is also 
verified by using Fourier analysis block in Simulink. Finally the dynamic 
performance of the induction motor fed with matrix converter is analyzed for 
different switching algorithms. The proposed system is validated using 
Matlab/Simulink simulation and analysis.  
 
Keywords: Dynamic performance, Harmonic analysis, Induction Motor, 
Matrix Converter, Switching algorithms, Voltage Transfer Ratio. 

 
 
Introduction 
Matrix converter has diverse applications and it does not need any dc-link circuit and 
large energy storage elements. Different modulation methods for matrix converter are 
proposed by researchers. Venturini algorithm and enhanced modified venturini 
algorithm are proposed by Alesinaand Venturini [1].Huber et al [7] proposed the 
principles of Space Vector Modulation applied to the Matrix Converter. Yoon and Sul 
[9] presented carrier-based modulation technique for matrix converter. Comparison of 
modulation methods is very much essential to use it any application. Apap et al [2] 
presented a comparison between venturini and SVM methods in terms of device 
power loss and distortion at the input current and output voltage. Zhou et al [11] 
presented a relationship between space vector modulation and carrier based 
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modulation such as the relationship between modulation signals, space vectors, the 
space-vector sectors and the switching pattern. Ghalem Bachir et al [5] presented a 
comparison between scalar and venturini modulation methods with different 
frequencies of operation. Comparison of modulation methods in terms of output 
voltage is very much essential to analyze the power quality of output power as well as 
the input power. In this paper, comparison of modulation methods with different 
frequencies of operation and the odd harmonics presented in terms of percentage of 
fundamental components of output voltage are measured and compared with each 
other. In addition to that induction motor speed torque response and dynamic 
performance is also analyzed with all the switching algorithms.  
 
 
Theory of Matrix Converter 
The basic diagram of a matrix converter can be represented by Figure 1. The symbol 

௜ܵ௝represents the ideal bidirectional switches, where i represent the index of the output 
voltage and j represents the index of the input voltage. Let [ ௜ܸ] be the vector of the 
input voltages given as: 

  ሾ ௜ܸሿ ൌ ௜ܸ௠ ൦

cos ߱௜ݐ
cosሺ߱௜ݐ െ ߨ2

3ൗ ሻ

cosሺ߱௜ݐ െ ߨ4
3ൗ ሻ

൪ (1) 

 
 

 
 

Figure 1: Basic diagram of a matrix converter. 
 
 

ሾ ௢ܸሿis the vector of output voltages,  

  ሾ ௢ܸሿ ൌ ௢ܸ௠ ൦

cos ߱଴ݐ
cos ߱଴ݐ െ ߨ2

3ൗ

cos ߱଴ ݐ െ ߨ4
3ൗ

൪ (2) 
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 The problem consists in finding a matrix M, known as the modulation matrix, 
such that 
  [ ௢ܸ]=ሾܯሿ. ሾ ௜ܸሿ (3) 
 
 While, input current [Ii] and output current are related as 
 ଴ሿ (4)ܫሿ் ሾܯሾ=[௜ܫ]   
 
whereሾܯሿ் represents the transposed matrix of [M]. While, input current [I௜] and 
output current [I଴] are related during commutation, the bidirectional switches must 
function according to the following rules [5].At every instant t, only one switch ௜ܵ௝  
(i=A,B,C) works in order to avoid short circuit between the phase. At every instant t, 
at least two switches ௜ܵ௝ሺ݆ ൌ ܽ, ܾ, ܿሻworks to ensure a closed loop load current. The 

switching frequency 
π
ω
2

s
sf =  must have a value twenty times higher than the 

maximum of ௜݂, ௢݂ሺ ௦݂ .Max ( ௜݂ .20 ب  ௢݂).According to Azeddine et al [3], during the 
period ௦ܶ known as sequential period which is equal to 1/ ௦݂, the sum of the time of 
conduction being used to synthesize the sameoutput phase, must be equal to ௦ܶ.Now 
a time ݐ௜௝  calledtime of modulation, canbe defined as: 

.௜௝ ୀ݉௜௝ݐ   ௦ܶ  (5)  
 
Venturini’s Modulation Method 
The new strategy in which the targeted output voltage matrixVo(t) includes the third 
harmonics of the input and output frequencies is the Venturini’s Optimum Method. It 
makes use of the common addition technique. As the target output voltages include 
third harmonics, the maximum theoretical output to input voltage ratio q, can be 
increased up to 86%. The voltage transfer ratio is the ratio of output fundamental to 
input fundamental and its maximum value is 0.866. 

  

( )

( ) ( ) ( )

( ) ( )

( ) ( )

1 1
cos cos 3 cos 30 0 06 2 3

2 1 1
cos cos 3 cos 30 0 0 03 6 2 3
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w t w t w t

v t qV w t w t w tim

w t w t w t

π

π

− +

= + − +

+ − +

⎡ ⎤
⎢ ⎥
⎢ ⎥

⎛ ⎞⎢ ⎥⎡ ⎤ ⎜ ⎟⎣ ⎦ ⎢ ⎥⎝ ⎠
⎢ ⎥⎛ ⎞⎢ ⎥⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

 (6) 

 
 Here the triple harmonics in the input frequency as well as in the output frequency 
are added. The Modulation Function (mKj) can be expressed as follows: 

  

21 1 , , , ,23

t v VKj jkm for K A B C and j a b cKj T Vseq im

⎛ ⎞
⎜ ⎟= = + = =
⎜ ⎟
⎝ ⎠  

(7) 

 
where Vim is the average input voltage. When unity displacement factor is required 
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equation (7) becomes: 

  
( ) ( )

21 41 sin sin 323 3 3 i K i

v V qjkm w t w tKj Vim

β
⎛ ⎞
⎜ ⎟= + + +
⎜ ⎟
⎝ ⎠

 (8) 

 
forK = A, B, C and j = a, b, c. 

  
2 40, ,
3 3K

π πβ =  

 
forK = A, B, C respectively. This implementation is readily handled up to switching 
frequencies of tens of kHz by modern microprocessors. By introducing a phase shift 
between the actual input voltages and input voltages, Vk input displacement factor 
control can be introduced in the equation (6). If the displacement factor is different 
from unity the output voltage limit will be reduced from 0.86Vim to a lesser value 
which depends on displacement factor achieved in the input. Therefore the output 
voltage must be lower than 86% of the input voltage. 
 
Space Vector Modulation 
The analysis of Space Vector Modulation method involves the concept of Space 
Phasor. The Space Phasor method was initially used to represent and analyze three 
phase machines. This method is particularly used in the area of vector control and also 
allows the visualization of the spatial and time relationships between the resultant 
current and flux vectors in various references. For Matrix Converter operation using a 
space vector approach one and only one switch in each output has to conducting, 
which leads to twenty seven possible switching combinations. The output voltage 
vector is: 

  ( ) ( ) ( )3 coso im ov t qV w t=
 (9) 

 
 The output voltage vector has a constant length of qVim√3 and it is rotating at a 
frequencywo. The basis of space vector modulation technique is that the possible 
output voltages can be expressed in the same form as follows: 

  
( ) ( )2

10 20 30
2
3ov t v av a v= + +  (10) 

 
 Where v10, v20, v30 are the output phase voltages and a ؠ ej2π/3 
 The corresponding output current vector is given by: 

  
( ) ( )2

1 2 3
2
3o i i ii t i ai a i= + +  (11) 

 
 Where i1i, i2i, i3i are the input line currents. At each sampling instant, the position 
of the output voltage vector is compared with possible vectors and the desired output 
is synthesized by time averaging (within the switching interval) between adjacent 
vectors to give the correct mean voltage. Using a Matrix Converter for this process is 
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little more complex when compared with using it in a conventional DC link inverter 
as there are twenty seven possible switching states and input voltages are time 
varying. In three-phase to three-phase Matrix Converter there are twenty seven 
possible switching states and the output voltage states may be categorized into three 
groups. 
 
Group 1: These combinations result when any two output phases are connected to the 
same input phase. There are eighteen combinations where output voltage and input 
current vectors have same directions with magnitudes that vary with input voltage 
phase angle and output current phase angle respectively. 
 
Group 2: When all three output phases are connected to the same input phase we get 
three combinations giving null output voltage and input current vectors. 
 
Group 3: It includes six combinations in which each output phase is connected to a 
different input phase. Both magnitude and phase of the resultant vectors are variable 
in these cases. 
 
Carrier based modulation 
In the novel carrier based scheme the need of sector information for calculating duty 
cycle ratios and so the corresponding look-up tables are avoided. Therefore the output 

voltage is synthesized to its maximum capacity, √3
2ൗ times the amplitude of the input 

voltage. This also allows the input power factor to be controlled. The output voltage at 
each phase is synthesized by time-weighting the three input voltages by the duty 
ratios. The duty ratios should be chosen that the output voltage remains independent 
of input frequency. The three-phase balanced input voltages can be considered to be 
in synchronous reference frame, so that input frequency term will be absent in the 
output voltage. And so the duty ratios daA, dbB, dcC are chosen to be kAcos(ωt-ߩ), 
kAcos(ωt-2π/3-ߩ), kAcos(ωt-4π/3-ߩ). 
 
The output voltage at phase A:  

  

( ) ( ) ( ) ( )
( ) ( )

cos cos cos 2 / 3 cos 2 / 3ˆ
cos 4 / 3 cos 4 / 3A A

t t t t
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  (13) 

 
 This implies that the output voltage depends on cos(ρ) which in turn depends on 
input power factor. According to the above expression we could conclude that vA is 
independent of the input frequency and only depends on the amplitude ෠ܸ  of the input 
voltage where modulation index kA is a time-varying signal with desired output 
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frequency ωo.If the duty ratios are negative then they can’t be practically realized. To 
overcome this drawback offset duty ratios are introduced so that the resultant duty 
ratios of the individual switches are always positive. That is common-mode voltages 
in the output are added to the offset duty-ratios. Considering the output phase A: 

 ( ) ( ) ( )cos cos 2 / 3 cos 4 / 3 0aA bB cC A A Ad d d k t k t k tω ρ ω π ρ ω π ρ+ + = − + − − + − − =  (14) 
 
 To cancel the negative components from individual duty ratio absolute value of 
the duty ratios are added. The addition of the common-mode duty-ratio in all switches 
will maintain the output voltages and input currents unaffected. The input currents are 
synthesized by time-weighting the output currents by the duty-ratios. The common 
mode term will produce null current in the input. This can be represented as: 
  (The common mode term) x (iA+iB+iC) = 0 (15) 
 
 The input current of phase A: 
  ia = (kAiA+kBiB+kCiC) cos (ωt-ρ) (16) 
 
wherekA, kB, kC and iA, iB, iC are three-phase sinusoidal quantities at the output 
frequency. Also  

  kAiA+kBiB+kCiC = ଷ
ଶ

 ௢ (17)߶ݏ݋௢ܿܫ݇
 
wherek is the amplitude of the modulation indices kA, kB andkC and Io is the amplitude 
of output currents and Ԅo is the output power factor angle. From equation 16 we could 
understand that input current ia is in a lagging phase of ρ with input voltage va. For 
achieving unity power factor operation ρ has to be chosen equal to zero. 
 
 
Discussion of Simulation Results 
The output voltage waveform in Venturini Method at 40Hz frequency is given in the 
fig.2 and its corresponding Harmonic Spectrum is shown in the fig.3.Similarly, the 
output voltage and its corresponding Harmonic Spectrum at a frequency of 50Hz in 
Venturini Method are given in the fig.4 and fig.5 respectively. Likewise, the output 
voltage and its Harmonic Spectrum waveform at 60Hz using Venturini Method are 
given in the fig.6 and fig.7. The output voltage waveform in Space Vector Method at 
40Hz frequency is given in the fig.8 and its corresponding Harmonic Spectrum is 
shown in the fig.9. The output voltage and its corresponding Harmonic Spectrum at a 
frequency of 50Hz for Space Vector Method are given in the fig.10 and fig.11 
respectively. Similarly, the output voltage and its Harmonic Spectrum waveform at 
60Hz using Space Vector Method are shown in the fig.12 and fig.13. The values of 
the various observations are being tabulated in table.1 and are compared. 
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Figure 2: Output voltage in Venturini method for 40Hz. 
 

 
 

Figure 3: Harmonic Spectrum of output voltage in venturini method for 40Hz. 
 

 
 

Figure 4: Output voltage in Venturini method for 50Hz. 
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Figure 5: Harmonic Spectrum of output voltage in venturini method for 50Hz. 
 

 
 

Figure 6: Output voltage in Venturini method for 60Hz. 
 

 
 

Figure 7: Harmonic Spectrum of output voltage in venturini method for 60Hz. 
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Figure 8: Output voltage in SVM method for 40Hz. 
 

 
 

Figure 9: Harmonic Spectrum of output voltage in SVM method for 40Hz. 
 

 
 

Figure 10: Output voltage in SVM method for 50Hz. 
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Figure 11: Harmonic Spectrum of output voltage in SVM method for 50Hz. 
 

 
 

Figure 12: Output voltage in SVM method for 60Hz. 
 

 
 

Figure 13: Harmonic Spectrum of output voltage in SVM method for 60Hz. 
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Figure 14: Output voltage in carrier based method for 40Hz. 
 

 
 

Figure 15: Harmonic Spectrum of output voltage in Carrier based method for 40Hz. 
 

 
 

Figure 16: Output voltage in carrier method for 50Hz. 
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Figure 17: Harmonic Spectrum of output voltage in Carrier based method for 50Hz. 
 

 
 

Figure 18: Output voltage in carrier method for 60Hz. 
 

 
 

Figure 19: Harmonic Spectrum of output voltage in Carrier based method for 60Hz. 
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 The output voltage waveform in Venturini modulation Method at 40Hz frequency 
is given in the fig.1 and its corresponding Harmonic Spectrum is shown in the 
fig.15.The output voltage and its corresponding Harmonic Spectrum at a frequency of 
50Hz fromSVM Method are given in the fig.16 and fig.17 respectively. Similarly the 
output voltage and its Harmonic Spectrum waveform at 60Hz using Carrier based 
method are given in the fig.18 and fig.19. The values of third, fifth and seventh 
harmonics measured in terms of fundamental output voltage at various frequencies 
using different modulation techniques are being tabulated in the Table.1. 

 
 

Table 1: Harmonics in terms of percentage of fundamental output voltage. 
 

Frequency 
Of output 
voltage 

Third Harmonic 
content (%) 

Fifth Harmonic content 
(%) 

Seventh Harmonic 
content (%) 

Venturini  SVM  Carrier Venturini SVM Carrier Venturini  SVM  Carrier
40 Hz  0.9  0.08  0.9  1.8  0.18 20  1.25  0.11  13 
50 Hz  2.3  0.06  0.2  0.8  0.13 23  2.3  0.24  12 
60 Hz  1.4  0.08  0.07  0.3  0.12 20  1.8  0.07  14 

 
 

Table 2: Voltage Transfer Ratios of different modulation methods. 
 

Modulation Method  Input Voltage in V Output Voltage in V Voltage Transfer Ratio
Venturini  540  467  86 % 
SVM  460  400  86 % 
Carrier  230  155  67 % 

 
 

 
 

Figure 20: Fourier analysis of output voltage for Vin = 540 V in Venturini method for 
50Hz. 
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Figure 21: Fourier analysis of output voltage for Vin = 460 V in SVM method for 
50Hz. 

 

 
 

Figure 22: Fourier analysis of output voltage for Vin= 230V in Carrier based method 
for 50Hz. 
 
 
 Fig.(20 – 22) shows the Fourier analysis of output voltages for three modulation 
methods with an output frequency of 50Hz. The input and output voltages and voltage 
transfer ratio are given in table.2. The result shows that venturini and SVM methods 
gives 86% of voltage transfer ratio whereas carrier based method is very poor in terms 
of voltage transfer ratio. 
 Fig.( 23-24) shows the speed torque response of three phase induction motor using 
venturini switching algorithm. The dynamic performance of the motor is analyzed. At 
t=0 sec motor is started with no load condition. Steady state is reached at t= 0.2 sec. A 
load torque of 5 N-m is applied at t=0.6 sec. The steady state is reached at t=0.65 sec. 
The transient time taken is 0.05 sec.  
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Figure 23: Speed response in venturini switching algorithm. 
 

 
 

Figure 24: Torque response in venturini switching algorithm. 
 
 

 Fig.( 25-26) shows the speed torque response of three phase induction motor using 
SVM algorithm. The dynamic performance of the motor is analyzed. At t=0 sec motor 
is started with no load condition. Steady state is reached at t= 0.2 sec. A load torque of 
5 N-m is applied at t=0.6 sec. The steady state is reached at t=0.7 sec. The transient 
time taken is 0.1 sec. 
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Figure 25: Speed response in SVM algorithm. 
 

 
 

Figure 26: Torque response in SVM algorithm. 
 
 

 Fig. (25-26) shows the speed torque response of three phase induction motor using 
carrier based switching algorithm. The dynamic performance of the motor is 
analyzed. At t=0 sec motor is started with no load condition. Steady state is reached at 
t= 0.5 sec. A load torque of 5 N-m is applied at t=0.6 sec. The steady state is reached 
at t=0.95 sec. The transient time taken is 0.35 sec. 
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Figure 27: Speed response in venturini modulation method. 
 

 
 

Figure 28: Torque response in venturini modulation method. 
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voltage transfer ratio, both Space Vector modulation and Venturini methods give the 
maximum of 86.6%. The speed torque response of the motor is absorbed with all the 
switching algorithms. The dynamic performance of the motor is better with Venturini 
and SVM techniques in terms of response time and torque ripple is less with SVM 
technique.  
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