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Abstract. Dynamic inversion (DI) is a controller technique by which 

existing undesirable dynamics are cancelled out and changed by desirable 

dynamics. The application of induction motor drives with sinusoidal input 

currents a matrix converter combined with DI is used which directly 

connects a three-phase input voltage source to a three-phase (AC-AC 

converter) without dc-link components. This paper presents a novelty of 

using nonlinear dynamic inverse controller with matrix converter topologies 

on three phase induction motor. The efficiency of the converter and their 

modulation techniques for the implementation of the strategies is increased. 

The speed response tracking and torque ripple minimization is achieved. The 

robustness of the proposed method has been confirmed from simulation and 

experimental model.  

1 Introduction  

Induction motor was the most commonly used in industrial applications because it has a 

remarkably simple, cheap, highly reliable and robust construction. Dynamic inversion is a 

controller method by which undesirable dynamics are negated out and changed by required 

dynamics. This termination and replacement is skilled by cautious algebraic choice of the 

feedback function. It is for this reason the part of DI methodology is called feedback 

linearization. It applies to both SISO and MIMO systems, if that the control effectiveness 

function (in the SISO case) or the control influence matrix (in the MIMO case) is invertible 

[1]. This method applied for both output feedback (input-output feedback linearization), full-

state feedback (input-state feedback linearization). 

A central assumption in this method is the plant dynamics are perfectly modelled, and 

then can be negated closely. In practice this theory is not naturalistic, and hence the new 

dynamics need some sort of robust controller [2] and [3]. The operations of the induction 

motor drives have continuous to improve, the research improvements in recent years have 

been focused on improving interface with the function to afford clean power distribution 

scheme. The using of MC input voltages with changed values to decrease the inherent torque 

ripple that appears when direct torque control (DTC) was used to drive induction motor had 
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been illustrated by [4] and [5]. It was improved the ratio of transfer voltage is increased from 

50% to 86.6% by using MC compared by the conventional DTC with MCs at the expense. 

[6] and [7] proposed indirect matrix converters with four step switching in rectifier bridge to 

reduce the electromagnetic torque ripple which looks when direct torque control method was 

used in induction motors. The simulation results of DTC were based on indirect matrix 

converters (IMC) and the evaluation of motor performance under the suggested control 

scheme with respect to those were gotten under conventional DTC confirms its effectiveness 

and accuracy. 

Using Matrix Converter rather than voltage source inverter for a high-performance 

process providing in Direct Torque Control (DTC) have been observed by [8]; [9] . [10] 

showed the using of matrix converters voltage vectors to minimize the ripple torque which 

was one of the greatest significant problems for induction motors with direct torque control 

expending matrix converters. The simulation results demonstrated the effectiveness of A 

hybrid strategy for current control of an induction motor, fed from a matrix converter has 

suggested by [11, 12]. This strategy was fundamentally a mixture of Hysteresis Current 

Controller (HCC) and SVM method. The effectiveness of the method was verified by 

simulation reliability of the semiconductor constructions, the matrix converter topology is 

suggested for dangerous temperatures and critical volume/weight applications. 

In this paper, a performance analysis of the dynamic inverse controller with matrix 

converter topologies and their combined connections were presented. The conservative 

control scheme for the rectifier stage in the indirect matrix converter was studied and its space 

vector diagram was derived. The paper also focuses on analysis and developing the control 

algorithm of the NDI with matrix converter topologies. The simulation and practical results 

were provided to validate the analyzed system. It has proven to be an easy way of controlling 

nonlinear systems. Next to this, it offers possibilities for very robust control through an 

expansion called incremental nonlinear dynamic inversion. 

2 THEORETICAL BACKGROUND 

2.1 Dynamic Inverse 

DI, a controller synthesis technique, can cancel and replace undesirable dynamics or existing 

deficient to designer-specified desirable dynamics. Cancellation and replacement are 

achieved by elaborative selected algebra of a feedback function [13]. 

It is assumed in this approach that the plant dynamics are modeled to the perfect level, 

and thus the feedback functions can precisely cancel it. However, this assumption is not 

practically realistic; Ascribed to plant uncertainties, it is needed for the DI controller that 

some degree of robustness to inhibit undesired behavior. Many studies overcome the 

potential problem of robustness by employing singular value (µ)- synthesis to produce a 

robust outer loop for the DI controller [14]. 

As previously suggested, the basic concept of dynamic inverse is quite simple. In general, 

the dynamics are expressed by [14], 
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where u is the control input vector and x is the state variable; y is the output vector. For 

conventional the function f is linear in u, equation (1) can also be re-written as 

 uxgxfx )()( +=&  (2) 
where f(x) is a function of nonlinear state dynamic and g(x) is a distribution nonlinear control 

function [15]. If we assume g(x) can be inverted for all values of x, the control law is obtained 

by subtracting f(x) from both sides of (2) and then multiplying both sides by g-1(x). 

 )]()[(1 xfxxgu −=
− &  (3) 

Followed by command the induction motor to specified states instead of specifying the 

desired states directly, we specify the rate of the desired states, x& . By swapping x&   in the 

previous equation to desx&  , we get the final form of a dynamic inversion control law: 

 )]()[(1
xfxxgu des −=

− &  (4) 

 
Fig. 1. Dynamic inversion process.  

2.2 Matrix Converter 

Matrix Converters the direct AC-AC power converters are called Matrix Converters without 

using a DC-link capacitor. In a matrix converter, output voltages of desired frequency and 

amplitude (subjected to certain constraints) are directly synthesized from the input voltages. 

Matrix converters can be designed to be more compact than the conventional AC-AC 

converters [16]. 

As the matrix converter supplied from three phase voltage lines directly, to decrease the 

harmonics of the switches in the input current a necessary small filter is used at the input side 

as shown in Fig.2. 

 
Fig. 2. Practical scheme of matrix converter.   

2

MATEC Web of Conferences 225, 02022 (2018)	 https://doi.org/10.1051/matecconf/201822502022
UTP-UMP-VIT SES 2018



been illustrated by [4] and [5]. It was improved the ratio of transfer voltage is increased from 

50% to 86.6% by using MC compared by the conventional DTC with MCs at the expense. 

[6] and [7] proposed indirect matrix converters with four step switching in rectifier bridge to 

reduce the electromagnetic torque ripple which looks when direct torque control method was 

used in induction motors. The simulation results of DTC were based on indirect matrix 

converters (IMC) and the evaluation of motor performance under the suggested control 

scheme with respect to those were gotten under conventional DTC confirms its effectiveness 

and accuracy. 

Using Matrix Converter rather than voltage source inverter for a high-performance 

process providing in Direct Torque Control (DTC) have been observed by [8]; [9] . [10] 

showed the using of matrix converters voltage vectors to minimize the ripple torque which 

was one of the greatest significant problems for induction motors with direct torque control 

expending matrix converters. The simulation results demonstrated the effectiveness of A 

hybrid strategy for current control of an induction motor, fed from a matrix converter has 

suggested by [11, 12]. This strategy was fundamentally a mixture of Hysteresis Current 

Controller (HCC) and SVM method. The effectiveness of the method was verified by 

simulation reliability of the semiconductor constructions, the matrix converter topology is 

suggested for dangerous temperatures and critical volume/weight applications. 

In this paper, a performance analysis of the dynamic inverse controller with matrix 

converter topologies and their combined connections were presented. The conservative 

control scheme for the rectifier stage in the indirect matrix converter was studied and its space 

vector diagram was derived. The paper also focuses on analysis and developing the control 

algorithm of the NDI with matrix converter topologies. The simulation and practical results 

were provided to validate the analyzed system. It has proven to be an easy way of controlling 

nonlinear systems. Next to this, it offers possibilities for very robust control through an 

expansion called incremental nonlinear dynamic inversion. 

2 THEORETICAL BACKGROUND 

2.1 Dynamic Inverse 

DI, a controller synthesis technique, can cancel and replace undesirable dynamics or existing 

deficient to designer-specified desirable dynamics. Cancellation and replacement are 

achieved by elaborative selected algebra of a feedback function [13]. 

It is assumed in this approach that the plant dynamics are modeled to the perfect level, 

and thus the feedback functions can precisely cancel it. However, this assumption is not 

practically realistic; Ascribed to plant uncertainties, it is needed for the DI controller that 

some degree of robustness to inhibit undesired behavior. Many studies overcome the 

potential problem of robustness by employing singular value (µ)- synthesis to produce a 

robust outer loop for the DI controller [14]. 

As previously suggested, the basic concept of dynamic inverse is quite simple. In general, 

the dynamics are expressed by [14], 

 
)(

),(

xHy

uxFx

=

=&  (1) 

where u is the control input vector and x is the state variable; y is the output vector. For 

conventional the function f is linear in u, equation (1) can also be re-written as 

 uxgxfx )()( +=&  (2) 
where f(x) is a function of nonlinear state dynamic and g(x) is a distribution nonlinear control 

function [15]. If we assume g(x) can be inverted for all values of x, the control law is obtained 

by subtracting f(x) from both sides of (2) and then multiplying both sides by g-1(x). 

 )]()[(1 xfxxgu −=
− &  (3) 

Followed by command the induction motor to specified states instead of specifying the 

desired states directly, we specify the rate of the desired states, x& . By swapping x&   in the 

previous equation to desx&  , we get the final form of a dynamic inversion control law: 

 )]()[(1
xfxxgu des −=

− &  (4) 

 
Fig. 1. Dynamic inversion process.  

2.2 Matrix Converter 

Matrix Converters the direct AC-AC power converters are called Matrix Converters without 

using a DC-link capacitor. In a matrix converter, output voltages of desired frequency and 

amplitude (subjected to certain constraints) are directly synthesized from the input voltages. 

Matrix converters can be designed to be more compact than the conventional AC-AC 

converters [16]. 

As the matrix converter supplied from three phase voltage lines directly, to decrease the 

harmonics of the switches in the input current a necessary small filter is used at the input side 

as shown in Fig.2. 

 
Fig. 2. Practical scheme of matrix converter.   

3

MATEC Web of Conferences 225, 02022 (2018)	 https://doi.org/10.1051/matecconf/201822502022
UTP-UMP-VIT SES 2018



2.3 Induction Motor Model 

 A three phase induction motor is made by stator windings and rotor windings. Can modified 

to two phase rotor windings and two phase stator windings. Their dynamics are described by 

[17]. 

  +  =  

 +  =            

 +  = 0 

                        +  = 0 

(5) 

 where I, ϕ, R, u, denote current, flux linkage, resistance, and stator voltage input to induction 

machine respectively; the subscripts r and s denote for rotor and stator, (α, β) indicate the 

components of a two phase vector with respect to a fixed stator reference frame, and p 

represents the number of pole pairs machine and Ω the rotor speed.  

Assuming of linear magnetic circuits and neglecting iron losses and equal mutual 

inductances, the magnetic equations are [18]: 

  =  +    =  +   =  +      =  +                                   

(6) 
where Ls, Lr are auto-inductances and M is the mutual inductance; as we shall see, the 

assumption of linearity will be enforced by a control action which will keep the absolute 

value of the rotor flux below the nominal value. Eliminating Irα, Irβ and ϕsα, ϕsβ by using (6), 

we obtain 

  + 
 +  − 

   =  

 + 


 +  − 
   =          (7)   −   +  +  = 0 

         
  −   +  −  = 0 

(7) 

 

3 PROPOSED METHODS 

The proposed nonlinear dynamic inverse could be treated as compensating nonlinear term. It 

is same with performing an inverse of induction motor’s model that is not linear. Observe 

that this dynamic inverse compensates terms  Ω −   and etc. This let the 

feedback be sensitive about the great speed and especially at the time speed is evaluated. The 

cancellation of undesired system is attempt but we must modified the state variable (, ) 

by new desired roots  = ,  = )  (these desired roots must be chosen 

carefully in algebraic control law to get the desired. There are many types of desired 

dynamics such as ride quality, flying quality, PI, PID and also can used the distinct poles. 

The inverse of the B(ω) is:   

 
() =  + 



− 2 2


 

(8) 

So the Nonlinear Dynamic Inverse NDI controller is: 

 
 =  + 



− 2 2


  − −ℎℎ 

(9) 

Fig.3 shows the block diagram of the dynamic inverse controller to 3-phase induction 

motor. 

 
 

Fig. 3. The dynamic invers controller for induction motor.  

4 Results and Discussion 

NDI Controller (NDI) with matrix converter topology was simulated by Matlab Simulink 

Package. The proposed combined NDI with MC controller was designed and simulated for 

2.2kw motor is shown in fig.3. The parameter values of the IM are given in the Table 1.  

Table 1. Induction motor parameters. 

parameter  symbol Value 

power P 2.2 kW 

Line current IL 2.8 A 

Line voltage VL 380 V 

Rotor resistance Rr 4.1 Ω 

Stator resistance Rs 9.2 Ω 

Mutual inductance msr 0.44 H 

Stator inductance Ls 0.43 H 

Rotor inductance Lr 0.43 H 

Rotor inertia J 0.042 Kg m 

Pole pairs  p 2 

Viscous friction f 0.0031 Nm.Rad.S 

Rated speed w 310 rad/sec 
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The function of matrix converter is creating the switching functions of the bidirectional 

switches. These functions are gate drive signals of the power switches in real converter. 

Fig.4 shows the deference between the output current of matrix converter without using NDI 

and the output current of matric converter with NDI which can note the amplitude is 

decreasing to low value at stable region.   

 

(a)  

(b)  
Fig. 4. (a) output current of matrix converter without using NDI, (b) output current with NDI. 

 

Fig.5 illustrate the induction motor current in (α-β) coordinate system for the system with 

matric converter only which is has unsystematic behavior and MC combined with NDI which 

has systematic behavior. 

(a)  

(b)  
Fig. 5. simulation results (a) matrix converter only, (b) with NDI. 

 

Fig.6 represents the induction motor speed response when used matrix converter control 

only with (18%) maximum overshooting and transient to stable reign in 0.3 Sec and the 

output speed response with combined MC and NDI without any overshooting and stable at 

the same time. 

(a)  

(b)  

 
Fig. 6. Induction motor speed: (a) matrix converter without using NDI, (b) with NDI. 

Fig.7 shows a smoothing constant delay between the rotor speed and reference speed 

during tracking process at increasing regime or decreasing regime. A transient pick seems in 

the speed error at the deviations of the speed or the load torque which illustrations the reaction 

of the corrector in the speed response. 
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(a)  

(b)  
Fig. 7. Combined NDI with MC applied on induction motor: (a) speed tracking, (b) speed error. 

The electromagnetic torque tracking the load torque at speed is constant with (0.0004%) 

steady state error as shown in fig.8. 

 
Fig. 8. Torque tracking on induction motor for combined NDI with MC controller. 

 

So when the electromagnetic torque is changed from 20 (Nm) to 50 (Nm) to tracking the 
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(a)  

(b)  
Fig. 7. Combined NDI with MC applied on induction motor: (a) speed tracking, (b) speed error. 
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(b)  

(c)  
Fig. 10. Rotor flux tracking (a) with reference flux, (b) with estimated flux and (c) Error in tracking. 

The prototype of NDI combined with MC used TMS320F28335 DSP chip as a controller, 

18 IGBTs, MC board are using to validate the results. 

From fig.11 we show the line current in simulation and experimental results with small 

distortion at rotating speed 310 rad/sec. 
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Fig. 11. Output line current: (a) simulation, (b) experimental.  
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Fig. 12. Experimental result: (a) electromagnet torque, (b) stator current tracking.  
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• Rotor flux components estimation has a high convergence rate. 

• Decoupling the inputs by nonlinear dynamic inverse controller. 

• The proposed NDI has a high robustness and less sensitive to parameter variations.   

• This strategy of control gives a stable system with a satisfactory performance either 

with or without load variations. 
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