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ABSTRACT 
 

This paper presents a time-varying sinusoidal disturbance compensation method (based on an adaptive estimation 

scheme) for induction motor drives fed by a matrix converter. In previous disturbance accommodation methods, sinusoidal 

disturbances with unknown time-invariant frequencies have been considered. However, in the new method proposed here, 

disturbances with unknown time-varying frequencies are considered. The disturbances can be estimated by using a 

disturbance accommodating observer, and an additional control input is added to the induction machine drive. The stability 

analysis is carried out considering the disturbance estimation error and simulation results are shown to illustrate the 

performance of the proposed solution. 
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1. Introduction 

 

The induction motor drive fed by a matrix converter is 

superior to the one fed by a conventional inverter, because 

it does not require bulky electrolytic capacitors in the 

dc-link, which have limited lifetimes. It has other 

advantages, such as bidirectional power flow capabilities, 

sinusoidal input/output currents and adjustable input 

power factors. Furthermore, due to the high integration 

capability, the matrix converter topology is recommended 

for extreme temperatures and weight/volume critical 

applications 
[1-3]

. 

Typical systems where sinusoidal disturbances may 

occur or dominate are those with the rotational machinery. 

In fact, for many practical systems, sinusoidal 

disturbances are induced by rotational motions and so, the 

disturbances are induced by rotational motions. Therefore, 

the disturbance frequencies are close to the rotational 

speeds, which can be directly measured on-line. In this 

situation, the frequency does not have to be estimated by 

adaptation mechanisms, thus, a relatively simple controller 

can be used. However, as referenced in [4], the frequency 

could have time-varying sinusoidal components in a 

practical system. Disturbance compensation techniques, as 

proposed in [5-7], are effective in handling sinusoidal 

disturbances, but these are not applicable to the 

disturbances with unknown amplitude, phase and 

time-varying frequencies. 

In order to realize a high-performance control of 

induction motor drives fed by a matrix converter, a matrix 

converter model for a time-varying sinusoidal disturbance 

compensation method using a disturbance accommodation 

technique is proposed in this paper. The structure of the 
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If the following equation is true, then it is obvious that 

the approximated disturbance error ( )ˆ:z z z= −% converges to 

zero. 
 

( )0
ˆ ˆ ˆz Dz k z z= − −&

          
              (11) 

 

where D is the Hurwitz matrix. As z is a variable to be 

approximated, a new state variable Q can be defined and 

introduced as follows 
[7]

. 
 

1
ˆQ z k y= −

          
                     (12) 

 

From (11), the following equation can be derived. 
 

( ) ( )
( )

1 0 0 1

1

ˆ ˆz k y D k z k k CFH z

k CAx CBu

− = + − +

− +

& &

    
(13) 

 

Since z is an unknown value, the z-term can be removed 

by choosing appropriate design constants k0 and k1 as (14), 

which leads to a simpler form of (13). 
 

0 1
0k k CFH+ =                            (14) 

( ) ( )
( )

0 0 1

1

Q D k Q D k k y

k CAx CBu

= + + +

− +

&

      
(15) 

 

The initial value of Q can be defined as Q0=-k1y. From 

(6) and (12), the disturbance can be derived as the 

following equation. 
 

( )1
ˆ ˆ

d Hz H Q k yω = = +
          

          (16) 

 

Therefore, the control input for the disturbance has the 

following form 
 

ˆ
d du ω= −

          
                      (17) 

 

3.4 Compensation of Unknown Time-Varying 

Sinusoidal Disturbances in Nonlinear 

Systems 

To compensate unknown time-varying sinusoidal 

disturbances, a general form of disturbance given by  
 

( )( ) sin ( )
d

t A tω ω φ= +
          

          (18) 

 

is assumed, where ω(t) is an unknown time-varying 

frequency which satisfies ( ) , ( )t tω ω < ∞& &&  for 0t∀ ≥ . 

Assume that ωd(t) is z1 in (17) and derivatives of z1 can 

be expressed as follows: 
 

( )

( ) ( )
1

2

1 1

cos ( ) ( )

( ) cos ( ) ( )

z A t t

z t z A t t

ω φ ω

ω ω φ ω

= + ⋅

= + + ⋅

&&

& &&&&
       

(19) 

 

Instead of (6), (18) can be represented as 

 

( )z D z= −Ω +Φ&
          

               (20) 

 

where  
 

 

( )( )

( )( ) ( )

2

0 00 1
, ,

0 0 0

0

cos

D
t

A t t

ω

ω φ ω

= Ω =

Φ =
+ ⋅

  
  

    

 
 
 

&

&&

 

 

Here, if 
1 2

( )t tω σ σ= +  is satisfied with any constants 

σ1 and σ2, ( ) , ( )t tω ω < ∞& &&  is also satisfied. Equation (20) 

can be transformed to another equation as 
 

( ) ( )z D z z= −Ψ + Ψ −Ω +Φ&
          

    (21) 

 

where 
0 0

, 0
0

ψ ψ
ψ

= >
 
 
 

. If ẑ&  is modeled as (22) 

instead of (11), an observer for time-varying sinusoidal 

disturbances can be derived as 
 

( ) ( )0
ˆ ˆ ˆz D z k z zψ= − − −&

          
         (22) 

 

where k0 is a gain matrix of the observer and can be 

designed to satisfy ( ) ( )0 0

T

D k D k Q−Ψ + + −Ψ + = −  for 

a positive limit matrix Q=diag(q1,q2). The variables q1 and 

q2, which are components of Q, can be adjusted by k0 and 

ψ. 

From (21) and (22), the following equation is derived.  
 

( ) ( )0
z D k z zψ ψ= − + + −Ω +Φ&% %

          
(23) 

 

To ensure the stability of the system, a Lyapunov 

function is defined as the following form.  
 

T
V z z= % %

                                  
(24) 
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system can be re-written in the following form. 

 

( )sin ( )dT C tω φ= +                         (28) 

( ) ( )sin ( )m m p dx Ax B u u C tω φ= + + + +&       (29) 

 

As for the control structure, two control inputs are 

designed separately in such a way that one of them, up, is 

designed for the nonlinear system control without 

considering the disturbance, and the other one, ud, is 

designed using the disturbances estimated from the 

disturbance accommodating observer. 

To identify the time-varying sinusoidal disturbance of 

the induction motor drive system, the disturbance observer 

can be modeled as follows: 

 

( )

01 01 11

02 02 12

11

12

1 1k k k
Q Q y

k k k

k
Ax Bu

k

ψ ψ
− −     

= +     − − − −     

 
− + 
 

&

 (30) 

 

where the modeling constant k1, k2 and ψ are 

 

[ ] [ ]1 11 12

01

0

02

100 100 ,

0 100 / 0
,

0 100 / 0

1.

T T
k k k

k J
k

k J

ψ

= =

− −   
= =   − −  
=

              (31) 

 

If the additional compensating input, ud, is controlled as 

ˆ
d du T= − , then the disturbance can be removed. In addition, 

the estimated disturbance ˆ
dT  can be approximated by the 

disturbance observer. 

The electrical torque of an induction motor drive is 

expressed in (32) by the stator current and the rotor flux. 

In the vector control, the magnitude of the rotor flux is 

proportional to e
dsi  when it is kept constant. If the rotor 

flux is observed in the rotor flux reference frame, the 

q-axis of the rotor flux is equal to 0. It may be considered 

that 
e
qsi  is a torque current component [11]: 

 

3
( )

2 2
m

e qs qrdr ds
r

LP
T i i

L
λ λ= −

          
       (32) 

3
 

2 2
e em

e qsdr
r

LP
T  i

L
λ=

          
              (33) 

 

From (33), the q-axis current that compensates the 

disturbance, which is approximated by the disturbance 

observer, is derived as follows: 

 

_

ˆ2 2

3

e er

qs comp e

m dr

TL
i

P L λ
=                        (34) 

 

The control block diagram of the proposed disturbance 

observer is shown in Fig. 6. 

 

5. Simulation Results 
 

To confirm the validity of the proposed control 

algorithm, simulations are carried out. The system consists 

of a 3-phase, 380 V, 60 Hz, 4-pole, 3 kW induction motor. 

In the simulation, the sampling period is 100µs for the 

proposed method. Fig. 7 and Fig. 8 show the simulation 

results when the time-varying sinusoidal disturbance is 

considered. In the case of the vector control without the 

compensation method, the disturbance is unable to be 

eliminated. However, the speed control with the proposed 

disturbance observer has a robust characteristic against the 

disturbance. The majority of the time-varying sinusoidal 

disturbance is well estimated and compensated effectively. 

In Fig. 9, the sinusoidal disturbance with an unknown 

amplitude, phase and time-varying frequency load has 

occurred abruptly. For the speed control, the system with 

the proposed disturbance observer has shown better 

performance than that with only a PI-controller. Fig. 10 

shows the simulation results when the disturbance load is 

not a time-varying sinusoidal but a step response. Since all 

  

−

( )z Dz tσ= +&

( )0
ˆ ˆ ˆz Dz k z z= + −&

ˆ
dTẑ

+

ˆ4

3

er

e

m dr

TL

P L λ

z

_

e

qs compi

 

Fig. 6.  Schematic diagram of the disturbance observer. 
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of the waveforms can be divided into sinusoidal and dc 

signals by the Fourier transformation, the system with the 

disturbance observer has better performance than that with 

only a PI-controller. 

6. Conclusion 

 

In order to realize the high performance control of 

induction motor drives, a new disturbance observer for  

 
 

Fig. 7.  Speed response without disturbance observer: 

             (a) speed and (b) disturbance torque. 

 

 

Fig. 8.  Speed response with disturbance observer: 

             (a) speed and (b) estimated disturbance torque. 

 

 
 

Fig. 9.  Speed response with unknown sinusoidal disturbance:  

       (a) speed, (b) speed error, and (c) disturbance torque. 

 

 
 

Fig. 10.  Speed response with a step disturbance: 

            (a) speed, (b) speed error, and (c) control input. 
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time-varying sinusoidal disturbances is proposed. By 

using the proposed disturbance observer, the sinusoidal 

disturbances with unknown frequencies are well estimated, 

and compensated. The disturbance observer has been 

successfully applied to induction motor drive systems. 
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