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ARTICLE INFO                                   ABSTRACT 
 
 

In this paper Fuzzy Logic and proposed Neural Network based Direct Torque Control of 
Induction motor are designed. A Back Propagation Neural Network is used in proposed method. 
The training patterns of Neural Network are extracted from Fuzzy Logic Controller based Direct 
Torque Control of Induction Motor. The operating characteristics of the proposed drive is 
compared with the Direct Torque Control and Fuzzy Logic Control to verify the effectiveness 
under various conditions by investigating the transient response for the step change of speed 
command and the load torque. The simulation results are provided in the MATLAB/SIMULINK 
Environment to demonstrate the effectiveness of the proposed methodology 
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INTRODUCTION 
 

 

The controlling of dc drives are simple when compared to the ac drives. This complexity of control and estimation of ac drives 
arises due to dynamics of ac machines, variation in machine parameter and processing of feedback signals in presence of 
harmonics. Field Oriented Control (FOC) is widely used in industrial applications. But this method have serious disadvantage of 
parameter variation making it very sensitive to flux. To overcome these difficulties an advanced scalar control techniques for 
Induction Motor drives called Direct Torque Control (DTC) is gaining attention. This technique DTC employes the technique of 
selection of optimum voltage vector thereby controlling the torque and flux directly. The simplicity of DTC is ensured by the 
absence of co-ordinate transformation and current regulator; absence of separate voltage modulation block. But the drawbacks of 
DTC are slow transient response to the step changes in torque during start-up and high torque ripple. The drawbacks of DTC can 
be overcome by combining the fuzzy logic and Neural Network as they can handle the complicated non-linear characteristics 
through human expertise. The controller proposed in this paper is Neuro-Fuzzy Direct Torque controller which is weighed against 
the fuzzy based Direct Torque Controller. The proposed controllers possess better dynamic performance and precise speed control 
with good steady state characteristics. The proposed Controller has been simulated using MATLAB/SIMULINK environment and 
the results are provided to demonstrate effectiveness of the neuro-Fuzzy based controller. The organization of the paper as 
follows:(i) the machine modelling of induction motor,(ii) Direct Torque Control Technique using Fuzzy controller,(iii) Direct 
Torque Control Technique using Neuro-Fuzzy based controller,(iv) simulation results at different operating conditions,(v) 
conclusions. 
 

Induction Motor Modelling 
 

From the fundamental electrical and mechanical equation, the induction motor can be modeled. Among the different reference 
frames the voltage equations are expressed in the stationary reference frame. 
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An equivalent two phase circuit model of a three phase induction machine is derived and concept of the park’s transformation and 
the relation between three phase quantities and their equivalent two phase quantities are also discussed.  For any arbitrary value of 

 ,the transformation of stator ABC phase variables [FABC] to d,q stator variables [Fodq] is carried out through Park transform as, 
 

 [Fodq] = [p  ] [FABC]                                                                                                             ……………………………….(2.1) 
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where p  indicates the differential operator 
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A new variable called the zero sequence component is included with the d,q variables in order to handle unbalanced voltages and 
to invert park’s transform. The voltage balance equations are as follows 
 

 ppIRV qsdsdssds                                                                                           …………………………………(2.3) 

 

 ppIRV qsqsqssqs                                                                                          ………………………………….(2.4) 

 

 ppIRV qrdrdrrdr                                                                                          …………………………………(2.5) 

 

 ppIRV drqrqrrqr                                                                                         …………………………………(2.6) 

 
 
Where 
 

      ds                 Lss  Lm  0    0               ids 

      dr                 Lm   Lrr   0    0                idr   

      qs                 0     0    Lss Lm             iqs     

      qr                 0     0    Lm  Lrr                      iqr   

 
 

At this stage   has not been defined and is quite arbitrary. Now 0 ; this is called the stationary reference frame because the d, 
q axes do not rotate. 
 

0  pidr                                                                                                                 …………………………………..(2.8) 

 

rrqsi                            ………………………………….(2.9) 

 

rrpp                            …………………………………(2.10) 

 
Substitute eqns. (2.8) - (2.10) in eqns. (2.3) - (2.6) 
 

dsdssds piRV                                 …………………………………..(2.11)      

 

qsqssqs piRV                                ……………………………………(2.12) 

 

 ppiRV qrdrdrrdr               …………………………………..(2.13) 

 ppiRV drqrqrrqr                …………………………………...(2.14) 

………………………………..(2.2) 

                                                                  ………………………………...(2.7) = 
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Replacing the flux linkages (2.11) by currents using eqn (2.7) 
 

           iGipLiRv r                   …………………………………..(2.15) 

 
Where 
 

   dsvv   drv  qsv  Tqrv                            ………………………………….(2.16)   

 

   dsii   dri   qsi  Tqri                               …………………………………(2.17)  

 
Equation (2.15) can be rearranged in state space form for solution on a digital computer as follows: 
 

   Bip    v    Gi r   i             ………………………………….(2.18) 

 
The electromagnetic torque in the stationary frame is given as 
 

 dsqsqsdse ii
p

T  
22

3
                                                                                         …………………………………(2.19)    

                    
III. DTC with Fuzzy Logic Controller 
 
The control scheme of DTC involves comparison of torque with reference value defining the error torque state and comparison of 
stator flux with reference value defining the error flux state. Then according to the demands the stator voltage is determined using 
the above information. The fuzzy controller in DTC is established using seven level rule matrix show as Table 1. The three input 
fuzzy variables are the stator flux error, electromagnetic torque error and angle of stator flux. The output of the fuzzy controller is 
fed to the Artificial Neural Network. The inverter has been tuned by Space Vector Modulation (SVM).The above mentioned 
technique is used to reduce the phase interaction in the output waveform. 
 

 
 

Fig. 1. The fuzzy membership functions of input variables (a) Torque Error, (b) Change in Torque Error and (c) Output Variable 
 

III (i). Estimation of Errors 
 
Both the flux linkage error and electromagnetic torque error can be estimated by difference between actual value of stators and 
reference value of stator by Fig 1. The flux and torque error can be expressed as  
 

eee TTT 
*

                                                                                                        …………………………………….(3.2) 

The angle of flux linkage s is an angle between stator flux axis and a reference axis is defined by, 
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The three fuzzy sets are then defined by the triangular membership functions. The implication is enhanced using Mamdani’s 
method while defuzzication is through Centroid method. The general expression for Centroid method is  
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Table 1. Rule Matrix for Fuzzy Controller 
 

 
 

DTC With Neuro-Fuzzy  Controller 
 
Direct torque Neuro-Fuzzy Controller is designed by combining fuzzy logic and Artificial Neural Network using ANFIS 
(Artificial Neuro Fuzzy Inference System).The parameters for the Neural Network are extracted from the Fuzzy Logic Controller. 
This controller eliminates the drawbacks of system with standalone Neural Network or Fuzzy logic Controller. The ANFIS has 
four Network layers which generate five functional blocks viz, rule based, data base, a decision making unit, a fuzzification 
interface and a defuzzification interface. The output of Artificial Neural Network is voltage space vector which replace switching 
table selector for PWM by Fig 2. 
 
Block diagram of proposed system 
 

 
 

Fig. 2. DTC Technique based Neuro-Fuzzy system 
The proposed ANN is a multilayer method which uses Back Propagation learning Algorithm. 
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 Layer 1: The activation functions of this layer are fuzzy logic membership function. 
 Layer 2: The minimum value of input is choosing in this layer. 
 Layer 3: The normalization of each input with respect to other input is carried out here. 
 Layer 4: This layer sums the entire input signal. The ith node output of this layer is a linear function of ith   node output of 

third layer and ANFIS input signal. 
 
The ANFIS structure is tuned by least square estimation (for output membership functions) and a back propagation algorithm (for 
output and input membership functions).This layer generates torque, flux and angle estimated from flux torque estimator. They are 
given as inputs to switching table   which   generates with in the appropriate voltage vector for the inverter which interns control 
the torque parameter of induction motor. 
 

SIMULATION RESULTS 
 
Direct Torque Control technique with Neuro-Fuzzy controller is compared with the FDTC (Fuzzy based Direct Torque Controller) 
and C_DTC (Conventional Direct Torque Controller) implemented induction motor drive under different operating conditions.    
 
Simulation Diagram of Proposed System  
 

 
 

Fig. 3. DTC with Neuro-Fuzzy controller 
 

 
 

Fig. 4a. Electromagnetic Torque response in C_DTC 

 
The Fig 4 (a, b and c) show the response of Electromagnetic Torque of the C_DTC, FL DTC and ANN DTC respectively. 
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              Fig 4b.Electromagnetic Torque response in   FL DTC
 
The Fig 5(a) shows the conventional response of stator current has very high ripple. But the steady state response of the sta
current in FL DTC and proposed ANN DTC has negligible ripple and nearly sinusoidal waveform as shown in Fig 5(b, c).  
 

                                             Fig. 5a.Stator Current C_DTC                

                                  Fig. 5c. Stator Current ANN DTC

 

18238                       Mohanapriya and Umadevi, Direct torque control of three phase induction motor using neural network

Fig 4b.Electromagnetic Torque response in   FL DTC                    Fig. 4c. Electromagnetic Torque response in ANN DTC

The Fig 5(a) shows the conventional response of stator current has very high ripple. But the steady state response of the sta
current in FL DTC and proposed ANN DTC has negligible ripple and nearly sinusoidal waveform as shown in Fig 5(b, c).  

     
 

Fig. 5a.Stator Current C_DTC                                        Fig 5b. Stator Current FL DTC

 

5c. Stator Current ANN DTC                                           Fig. 6. Speed response in C_DTC
 

Table 2. Machine Parameters 

Line Voltage(Volts) 440 

Frequency(Hz) 50 
Stator Resistance(mΩ) 14.85 
Stator Inductance(mH) 0.3027 
Rotor Resistance(mΩ) 9.295 
Rotor Inductance(mH) 0.3027 
Inertia(kg.m2) 3.1 
Poles 2 

Direct torque control of three phase induction motor using neural network

 

Electromagnetic Torque response in ANN DTC 

The Fig 5(a) shows the conventional response of stator current has very high ripple. But the steady state response of the stator 
current in FL DTC and proposed ANN DTC has negligible ripple and nearly sinusoidal waveform as shown in Fig 5(b, c).   

 

Fig 5b. Stator Current FL DTC 

 
Speed response in C_DTC 
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Fig. 7. Speed response in FL DTC 
 

VI. Conclusion 
 
In this paper a Fuzzy Logic and Artificial Neural Network based DTC of induction machine have been proposed. A better torque 
and flux response was achieved with the FLDTC and ANN DTC than the conventional DTC. The performance under various 
conditions has been tested by simulations. The main improvements shown are: 
 

 Reduction of torque and current ripples transient and steady state response. 
 The motor reaches the reference speed rapidly and within minimum overshoot. 
 The Direct Torque Neuro-Fuzzy control strategy allows a higher dynamic behavior than the conventional and fuzzy based 

DTC. 
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