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Abstract—The inner loop current control plays a key role in 

the high performance sensorless induction machine control. An 
adaptive current control scheme for the induction machine is 
proposed in this report. After employing nonlinear 
feedforward decoupling technique the controller is constructed 
along with internal model principle to gain zero steady state 
error of the machine stator currents. The dead-zone technique 
is utilized in the gradient adaptive law to enhance the 
robustness of the control system. The simulation results 
carried out with MATLAB/SIMULINK are presented to show 
the effectiveness of the closed-loop current control system. 

I. INTRODUCTION 

FOR high performance control of a sensorless induction 
machine a widely used approach is indirect rotor flux 

oriented vector control [1]. The torque performance of a 
vector controlled induction drive highly depends on the 
quality of the applied current control strategy. A current 
controller, which can modify its behavior in response to 
changes in the dynamics of the induction machine and 
disturbances, is desirable for a high performance vector 
control system.  
      Among the induction machine current control methods 
[2], PI regulator does not achieve good dynamic 
performance due to the inherent phase lag of a PI controller. 
Hysteresis controller’s steady state performance is poor [3]. 
And predictive and deadbeat current control algorithms 
suffer from sensitivity to model parameter variations due to 
the thermal or skin effect of the resistance and the saturation 
of the inductances [4]. 

      In this report a novel adaptive current control scheme 
for the induction machine is presented. The time-varying 
pole placement control design strategy [5] is applied to the 
reduced machine model in the stationary reference frame. 
The gradient adaptation law is employed to capture the 
model parameter variations so that the robustness of the 
control system is enhanced. The simulation study has been 
carried out to verify the robust stability and the dynamic 

performance of the proposed control system. 
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II. MODEL REDUCTION AND PARAMETERIZATION 
After employing nonlinear feedforward decoupling 

technique [1], the stationary reference frame electrical 
machine model can be written as follows: 

dssdss vsBisA )()( = ,                           (1a) 

qssqss vsBisA )()( = ,                           (1b) 

where v , v  are d- and q-axis stator voltages, ,  

are d- and q-axis stator currents, A , 
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,  are stator and rotor resistances, and s is differential 
operator.  
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We only consider the controller design of (1a) and that of 
(1b) is similar. We introduce a filter 1 )/(1/ fsF += , where 

, and define the following: 0>f

dssdss iFy )/1(= , 

dssdss vFu )/1(= .                          (2) 
It is derived from (1a) and (2) that 
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III. ADAPTIVE CONTROLLER DESIGN 

Denote  as the estimate of parameter vector θ̂ θ  and 
estimation error as 

θφ ˆT
dssie −=  

~
dss

T ηθφ += ,                       (6) 

where θθθ ˆ~
−=  is the estimation error of the parameter 

vector. We utilize dead-zone technique to monitor the size of 
the estimation error and adapt only when the estimation error 
is large relative to the modeling error dssη . 
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where α  is an adaptation gain, 
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Within the stationary reference frame the signal i  (or 

) to be tracked satisfies: 

*
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where , 2
0

2)( ω+= ssQ 0ω  the frequency of reference 

signal  (or ).  *
dssi *

qssi
       The pole placement controller is then given by 

( )dssdssdss iisLvsQsP −= *)()()( ,                 (10) 

)( ),( sPsL are polynomials of degree 2 and 0 respectively, 
obtained by solving the Bezout equation 

)()(ˆ)()(ˆ)()( * sAsBsLsAsQsP =+ ,           (11) 
where  is the desired closed-loop stable polynomial of 

degree 3. A  ,  are polynomials ,  with the 
parameters replaced by their estimates from (7)- (8). 
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IV. SIMULATION STUDIES 
The machine model parameters and the design parameters 

are summarized as: 
55.0=sR Ω, Ω, L  H,  75.0=rR 063.0=m

068.0== rs LL H, a , ,  18001 = 6
2 108.1 ×=a

7
3 10=a , , 101 =λ 252 =λ , , 10=f 50=α . 

The machine reference currents are set as A and a 
q-axis square wave of +/-4.5A, 2Hz current command is 
utilized to verify the transient performance.  The parameters 
are initialized as , . It is shown in 
Fig.1, 2  that the system performance is good with zero 
steady state error and quick dynamic response. 
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Fig. 1: Current Tacking                   Fig. 2: Current Transient 

 
      In order to examine the performance of the current 

control system with the varying machine parameters 50% 
abrupt increases of the model parameters are made during 
the simulation. Fig. 3 shows that the controller rapidly 
adapts to the condition changes and therefore is robust with 
respect to the machine parameter uncertainties.  
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Fig. 3: Synchronous d, q-axes Currents with Parameter Jump 

V. CONCLUSION 
In this report, it has been demonstrated that the proposed 

control scheme is capable of adapting to the machine 
parameters and achieves good current control. The adaptive 
controller has been illustrated to be robust to machine 
parameter variations due to the application of the dead-zone 
and filtering techniques. The simulation results have shown 
that the control system has quick dynamic performance and 
zero steady state current tracking errors. 
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