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ABSTRACT 

The three-phase voltage source inverter has been widely used 

in a number of industries in the recent years. Although the 

control technique of the three-phase voltage source inverter 

has been growing toward maturity, research into obtaining a 

better steady-state performance is still a hotspot. In this paper, 

a modified controller is proposed to control the three-level, 

three-phase voltage source inverter with a resistive-inductive 

load. The controller uses Laguerre functions to modify the 

model predictive control in order to reduce the computation 

burden and obtain more precise results. Then the required 

reference voltage can be calculated by the modified model 

predictive control with the voltage detection of the load and 

the current compensation. The required reference voltage will 

be used to determine the switching sequences by space vector 

pulse width modulation. Extensive experiments demonstrate 

that the modified controller can help a three-level, three-phase 

voltage source inverter with resistive-inductive load to 

achieve low total harmonic and better steady-state 

performance.  
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1. INTRODUCTION 
Recently, the technological advance in the field of power 

electronics has increased the use of power converters/inverters 

in a wide range of application [1]. For example, it can be 

applied to renewable energy [2, 3] and driving motors [4, 5].  

Various topological structures of the three-phase voltage 

source inverter (VSI) with a resistive-inductive load have 

been developed after years of research. The general          

three-phase VSI is a two-level, three-phase VSI that has a 

simple topological structure and quite a mature control 

method, but its robustness is not good, and it will generate a 

large total harmonic distortion [6]. Therefore, many 

researchers have been focused on how to create a multilevel, 

three-phase VSI. A multilevel three-phase VSI is able to 

produce multilevel voltage, which will promote tracking 

precision and reduce the total harmonic distortion (THD). The 

drawbacks are that is has a higher cost and lacks a mature 

control technique because of its more complex topological 

structure [7]. 

Besides the fruitful research on the topological structure, great 

progress has also been made in the control techniques of 

three-phase VSI [8]. Pulse width modulation (PWM) methods 

have been widely applied to the control of VSI. Among a 

variety of PWM techniques, sinusoidal PWM (SPWM) and 

space vector PWM (SVPWM) are two mature techniques [9, 

10]. Other popular controllers include current controllers, 

such as the hysteretic current controller and the model 

predictive controller (MPC) [11, 12]. The current controller 

not only ensures high precision but responds to changes. 

Although superior topological structures and advanced control 

techniques have been developed, improving control 

performance is still the research hotpot. At present, most 

researches seek to improve the control performance by 

modifying the PWM technique. But no research has been able 

to obtain an accurate required reference voltage for improving 

the control performance. Therefore, [13] focuses on 

computing more precise reference voltage to improve output 

current, and the performance is better than PI-SVPWM. 

However, the THD of the current and voltage are still very 

high. Hence, motivated to combine the modified controller 

with a multilevel VSI to realize further improvements. 

The paper propose to use a modified controller for controlling 

a three-level, three-phase VSI with a resistive-inductive load. 

The modified controller will use Laguerre functions to modify 

the MPC for reducing the computation burden. The feasibility 

of this has been proven by Liuping Wang [14]. In order to 

reduce the computation burden further, Laguerre parameters 

will be calculated in the offline period, and then they will be 

applied to the predictive process in the online period. In 

addition, the inputs of the three-phase voltages will be 

transformed into a stationary coordinate, which can help to 

relieve the computation burden as well.   

The THD of the output is another important index that can 

reflect good performance of the three-phase VSI. A high THD 

will degrade the current quality and lead to the overheating of 

the equipment [15].Therefore, decreasing the THD is another 

goal that researchers are pursuing [16, 17]. For this purpose, a 

seven-segment technique of SVPWM will be chosen to 

determine the switching sequence because of the low THD. In 

this paper, a three-level, three-phase VSI with a           

resistive-inductive load will be used as the model. The       

three-level three-phase VSI can generate more accurate 

current and a lower THD than the two-level, three-phase VSI. 

Compared with VSI having more levels, three-phase VSI’s 

topological structure is not too complicated. Therefore, a 

three-level, three-phase VSI with a resistive-inductive load is 

the most proper model. 

There are three main highlights and contributions that have 

been made by the current study, and they can be viewed as 

follows: 

1. This is the first time Laguerre functions have been 

combined with a three-level, three-phase VSI.  

2. In this paper, the Laguerre functions have been utilized 

to improving the required reference voltage. As a result, the 

control performance of the three-level, three-phase VSI can 

be improved. 



International Journal of Computer Applications (0975 – 8887) 

                                                                                                                                                     Volume 182 – No. 25, November- 2018 

22 

3.  The paper studied both the modified controller and the 

three-level, three-phase VSI, which not only reduces the 

computation burden but promotes the control precision and 

decreases the THD.   

In the paper, section 2 describes the discrete time model of the 

three-level, three-phase VSI with a resistive-inductive load. 

Section 3 de-scribes the modified controller, which includes 

the Laguerre functions and the modified MPC and SVPWM. 

Section 4 shows the steady-state performance and robustness. 

Section 5 introduces the conclusion and future work.   

2. THREE-LEVEL THREE-PHASE VSI 

2.1 Topological structure 
The model of the three-level, three-phase VSI with a resistive-

inductive load is shown in Figure 1 [18, 19].     Here possible 

to find that there are four switches in each leg. Each phase 

will have three different output voltages by the control of any 

two switches. In order to simply show the status of each 

phase, the paper uses
aS , 

bS  and 
cS to represent the switch 

signals of the three phases, and they are defined as follows: 

1 2

2 3

3 4

1( ) :   on and  on

Switch Signal = 0( ) :   on and  on

1( ) :   on and  on

a a

a a a

a a

p S S

S o S S

n S S




  

1 2

2 3

3 4

1( ) :   on and  on

Switch Signal = 0( ) :   on and  on

1( ) :   on and  on

b b

b b b

b b

p S S

S o S S

n S S




  

1 2

2 3

3 4

1( ) :   on and  on

Switch Signal = 0( ) :   on and  on

1( ) :   on and  on

c c

c c c

c c

p S S

S o S S

n S S




  

There will be 27 kinds of voltage vectors generated by 

combining the switch signal of each phase. 

 

Fig 1: The model of three-level, three-phase VSI with resistive-inductive load

 

2.2 Discrete-time model 
The differential equation of the three-level, three-phase VSI 

is: 

a
an a

b
bn b

c
cn c

di
V R i L

dt

di
V R i L

dt

di
V R i L

dt


  




  



  


 (1) 

where R  represents the load resistance, and L  represents the 

inductance, anV , bnV  and cnV  represent the phase voltage of  

 

 

each phase, ai , bi , and ci  represent the current of each phase. 

In order to further reduce the computation burden; transform 

the voltage vectors of the three phases into an    frame 

by Clarke transformation. 

2
( 0.5 0.5 )

3

2
(0.5 3 0.5 3 )

3

an bn cn

bn cn

V V V V

V V V





  

 

 (2) 

Now, utilize the forward Euler approximation of the derivate 

of Equations (1) and (2) with the sampling period Ts to 

design the discrete-time model of the three-level, three-phase 

VSI with a resistive-inductive load. Therefore, the 

mathematical model in the    frame is given by: 

       

1 0 0
( 1) ( ) ( )

( 1) ( ) ( )
0 1 0

s
s

i i i

i i is
s

R T
T

i k i k V kL L

i k i k V kR T
T

L L

  

  

   
        

                          
   

  (3)      

where ik  is the sampling instant. 
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3. MATHEMATICAL BACKGROUND 

3.1 Laguerre Functions 
The z-transformation of the Laguerre networks is written as 

[1, 13, 20]: 

1

1 1
( ) ( )

1
k k

z
z z

z







 


  


 (4) 

where is the pole of the equations. 

The state space form of the ( )Nl k  which is the inverse         

z-transform of ( , )N z   is: 

                         
1 2 3( ) [ ( ) ( ) ( )  ( )]T

NL k l k l k l k l k L               (5) 

The relationship between different instances can be achieved 

from Equation (4): 

1( 1) ( )L k A L k                                                     

(6) 

where 

2 2 3 3

0 0

0

0

( 1) ( 1)

l

N N N N

A



 

 

       

 
 
 
  
 
 
   

L

L

M

L

            (7) 

2,   1 0  1       and (0)L   is:

 
2 1 1(0) [1 -    (-1) ]T N NL      L             (8) 

In addition, Laguerre functions also have the orthonormal 

property, 

0

0

( ) ( ) 0,  i j

( ) ( ) 1,  i j

i j

k

i j

k

l k l k

l k l k









 

 





 (9) 

 

3.2 Modified MPC                                                                                                               

The Laguerre functions can approximate the difference of the 

reference voltage with fewer parameters: 

*

1

( ) ( ) ( ) ( )
N

T

i j i j

j

V k k c k l k L k 


     (10) 

where  is defined as: 

            1

1 1

( ( ) ( ) ) ( ( ) ) ( )
p pN N

T k

L i

k k

k Q k R k QA I k   

 

          (11) 

with 

                                    TQ C C                                  (12) 

                                     

                                           ( 0)L w N N wR r I r                   (13)
 

1
1

0

( ) ( )
k

T k i T

i

k A BL i


 



           (14)
 

PN is the predictive horizon. A  and B  are the coefficients 

of the augmented state space function. The augmented state 

space function is: 

*
( 1) ( ) o

( )
( 1) ( ) 

T
m i m i mm m

i

m i m i mm m

i k i k BA
V k

i k i k BA I

        
        

      
 (15) 

Hence, 

 o

 

T
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A
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m

m
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                                (16) 

where 

1 0

0 1

s

m

s

R
T

L
A

R
T

L

 
 

 
 

 
 

, 

0

B =

0

s

m

s

T

L

T
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 (17) 

Finally, the required reference voltage at ik can be predicted at 

the basis of the difference of the required reference voltage 

and the actual load voltage at 1ik  . 

 1* *( ) ( )+ -i i iV k V k V k                             (18) 

 

3.3 SVPWM of Three-level, Three-phase 

VSI 
After obtaining the required reference voltage, the next task is 

to get the switching sequence. 

 

Fig 2: Voltage vectors of three-level, three-phase VSI with 

resistive-inductive load in   frame  
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Fig 4: The division of the main sector 1 

Figure 2 shows the voltage vectors of the three-level, three-

phase VSI in    frame [22]. In Figure 2, the whole 

complex plane has been divided into six main sectors, and 

each main sector will be divided into four triangle sectors. In 

Figure 3, main sector 1 is considered as the example, and it is 

divided into A, B, C, and D triangle sectors. In the triangle 

sectors A, V1, V2, and zero-space vector are three basic 

voltage vectors; in the triangle sector B, V1, V2, and V4 are 

three basic voltage vectors; in the triangle sector C, V1, V3, 

and V4 are three basic voltage vectors; in the triangle sector D, 

V2, V4, and V5 are three basic voltage vectors. 

In order to choose the most proper switches, the first task is to 

determine the main sector by the angle of the required 

reference voltage vector. The second task is to determine the 

triangle sector by the angle and amplitudes in the  frame 

of the required reference voltage vector. Finally, the basic 

voltage vector and the working switches will be chosen 

according to the symmetric seven-segment technique, and the 

corresponding working time will be computed as well. 

The following rule will decide in which triangle sector the 

required reference voltage vector will be: 

If 
*

3sin 3cos

dcV
V

 




uur
 and 0

3


  ; 

Then the required reference voltage vector is in the triangle 

sector A. 

  If the required reference voltage vector does not satisfy the 

requirement of the triangle sector A, and then: 

If 
*

3sin 3cos

dcV
V

 

 

uur
 and 0

6


  ; or 

 
* 3

6sin

dcV
V




uur
 

and 
6 3

 
  ;

 

then the required reference voltage vector is in the triangle 

sector B. 

If the required reference voltage vector does not satisfy the 

requirements of triangle sectors A and B, and then: 

If 
* 2

3sin 3cos

dcV
V

 




uur
 and 0

6


  ;

 

then the required reference voltage vector is in triangle sector 

C. 

If the required reference voltage vector does not satisfy the 

requirements of triangle sectors A, B, and D 

If 
* 2

3sin 3cos

dcV
V

 




uur
 and 

6 3

 
  ; 

then the required reference voltage vector is in triangle sector 

D. 

After determining the working triangle sector, the next task is 

to control the switches according to the symmetric            

seven-segment technique and the corresponding working time. 

The seven-segment technique will generate less THD than the 

three-segment technique and five-segment technique. 

According to the rule of the seven-segment technique, 

positive short-vectors are often used as the initial vectors, and 

only one status of switches can be changed every time. Table 

1 shows the conventional seven-segment switching sequences 

of different triangle sectors in triangle sector 1. 

The final task is to compute the time duration of each voltage 

vector.  In triangle sector A of the main sector 1, 0T , 1T , and

2T are: 

 
*

1

2 3 | |
sin( )

3dc

T V
T

V




 
        (19) 

*

2

2 3 | |
sin

dc

T V
T

V


 
       (20) 

0 1 2T T T T         (21) 

In triangle sector B of the main sector 1, 1T , 2T , and 4T are: 

*

1

2 3 | |
(1 sin )

dc

V
T T

V



         (22) 

Table 1. Conventional 7-segment switching sequences of different triangle sectors  

Mode Switching sequences 

A  
1V  poo

 
ooo  oon  onn  oon  ooo  

poo
 

2V  ppo  poo  ooo  oon  ooo  
poo  ppo  

B  
1V  poo

 
pon

 
oon  onn  oon  

pon
 

poo
 

2V  ppo  poo  pon
 

oon  
pon

 
poo  ppo  

C  poo
 

pon
 

pnn
 

onn  
pnn

 
pon

 
poo

 

D  ppo  ppn  pon
 

oon  
pon

 
ppn  ppo  
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*

2

2 3 | |
[1 sin( )]

3dc

V
T T

V





          (23) 

4 1 2T T T T         (24) 

In triangle sector C of the main sector 1, 1T , 3T , and 4T are: 

*

1

2 3 | |
[2 sin( )]

3dc

V
T T

V





          (25) 

*

3

2 3 | |
[ sin( ) 1]

3dc

V
T T

V





          (26) 

4 1 3T T T T         (27) 

In triangle sector D of the main sector 1, 2T , 4T , and 5T are: 

*

2

2 3 | |
[2 sin( )]

3dc

V
T T

V





          (28) 

*

5

2 3 | |
( sin 1)

dc

V
T T

V



         (29) 

4 2 5T T T T         (30) 

where  1/  T f , f  is the carrier frequency and 0 60  o . 

Other main sectors will reference the main sector 1. 

4. SIMULATION  
Table 2 lists the parameters that will be used for the 

simulation [21]. 

Table 2. Parameters of VSI 

Parameter Value 

Load Resistance( R ) 5  

Load Inductance( L ) 11mH  

DC Link Voltage( dcV ) 100V  

Reference Current Amplitude  8A  

Reference Current frequency 50Hz  

Sampling Time ( sT ) 25 s  

 

4.1 Parameters Selecting  
In this paper, selecting the proper scaling factor  , the 

number of terms N , and the prediction horizon pN will 

significantly affect the control precision and response time of 

the three-level, three-phase VSI. In addition, more proper and 

shorter pN  will not only ensure the control precision of the 

three-level, three-phase VSI but improve the efficiency of the 

whole system. After comparing with other parameters, when 

 is 0.2 and N is 43, even if pN equals 1, the maximum error 

and the mean error of one phase (phase ) are both very 

small. The value of the maximum error is 0.131A and the 

value of the mean error is equal to 0.055A in the steady state. 

4.2 Steady State Performance  

This paper applies the modified controller to the two-level, 

three-phase VSI and the three-level, three-phase VSI, 

respectively, and makes the comparison between them. As 

seen is Figures 4 and 5, the modified controller ensures the 

low THD of current and low errors of two kinds of VSIs in 

the steady state. However, the comparison also shows that the 

steady-state performance of the three-level three-phase VSI is 

better than that of the two-level three-phase VSI with the 

modified controller. The THD of the voltage of the two-level, 

three-phase VSI is 79.78%, which is almost twice the THD of 

the voltage of the three-level, three-phase VSI (44.94%).  

Furthermore, the THD of the current of the three-level,    

three-phase VSI, which is 0.43% is just half of the THD of the 

current of the three-level, three-phase VSI, which is 0.86%. 

With regard to the errors of phase  and phase  , it is 

obvious that the maximum value of errors of the two-level, 

three-phase VSI are higher than that of the three-level VSI. 

 

(a)The voltage of phase  . 

 

(b) The current of phase  

 

(c) Errors 

Fig 4: Steady state performance of the two-level three-phase 

VSI with the modified controller. 
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(a) The voltage of phase  

 

(b)The current of phase   

 

(c) Errors 

Fig 5: Steady state performance of the three-level three-

phase VSI with the modified controller 

 

 

(a) The reference phase is changed by +60° at 0.025s 

 

(b) Error of phase  

Fig 6: Two-level, three-phase VSI with the modified 

controller 

 

(a) The reference phase is changed by +60° at 0.025s 

 

(b) Error of phase  

Fig 7: Three-level, three-phase VSI with the modified 

controller 
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(a) The reference amplitude is changed to 6A at t=0.025s. 

 

(b) Error of phase  

Fig 8: Two-level, three-phase VSI with the modified 

controller 

 

(a) The reference amplitude is changed to 6A at t=0.025s. 

 

(b) Error of phase  

Fig 9: Three-level, three-phase VSI with the modified 

controller 

4.3 Robust Test  
Figures 6 and 7 show the situations of the two-level and  

three-level, three-phase VSI controlled by the modified 

controller when the reference phase is changed by +60° at 

t=0.025s. Eight key data have been labelled in Figures 6(b) 

and 7(b) in order to clearly show the effects. The maximum 

error of the two-level, three-phase VSI is 4.039A, and it will 

return to normal after 0.02745s. In terms of the three-level, 

three-phase VSI, its maximum error is 3.966A, and after 

0.02743s it can track the reference current well. Furthermore, 

its error is half that of the two-level three-phase VSI at that 

point. These data indicate that when the three-level, three-

phase VSI is controlled by the modified controller, it can 

achieve fewer errors and faster response than the two-level, 

three-phase VSI. 

The next task is to check the robustness when the reference 

amplitude is changed from 8A to 6A at 0.025s. Figures 8(b) 

and 9(b) make it clear that the maximum error of the three-

level three-phase VSI is lower than that of the two-level, 

three-phase VSI. In addition, the mean error of the two-level, 

three-phase VSI is 0.057A, but the mean error of the three-

level, three-phase VSI is just 0.038A. 

5. CONCLUSION 

This paper proposes the application of the combination of the 

modified MPC and SVPWM to the control of the three-level, 

three-phase VSI with a resistive-inductive load. Laguerre 

functions will be used to modify MPC, and the voltage 

vectors will be transformed into an     frame in order to 

reduce the computation burden. In addition, the parameters of 

the modified controller will be computed in advance. A high 

THD is very harmful to the equipment, so symmetric seven-

segment technique is chosen to ensure the low THD of the 

output current. 

In order to demonstrate the superiority when the modified 

controller is applied to the three-level, three-phase VSI with 

the resistive-inductive load, this paper tests the steady-state 

performance and its robustness. Simultaneously, the           

two-level, three-phase VSI with the modified controller is 

made as the comparison. As seen from the extensive 

simulations, when the three-level, three-phase VSI is 

manipulated by the modified controller, it can generate fewer 

errors and a lower THD. Furthermore, its robustness can be 

improved. 
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