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Abstract: 

This project proposes an efficient Neural Network (NN) based Direct Torque Control (DTC) 

approach for induction motors in electric vehicles. The proposed approach aims to enhance the 

performance of DTC by reducing the torque and flux ripples while ensuring a high degree of accuracy 

in controlling the motor speed. The proposed system employs a three- phase inverter to control the 

motor and a neural network to predict the voltage vectors that are required to maintain the desired 

motor speed. A Proportional Integral (PI) controller is used to fine-tune the output of the neural 

network to compensate for any errors in the predicted voltage vectors. Simulation results show that 

the proposed approach achieves a significant reduction in torque and flux ripples, resulting in 

smoother motor operation and higher energy efficiency. The system also exhibits a fast dynamic 

response, making it suitable for electric vehicle applications. The proposed system is implemented 

and evaluated using MATLAB/SIMULINK software. The proposed system outperforms conventional 

DTC techniques in terms of accuracy, stability and efficiency, making it a promising candidate for 

induction motor. 

 

1. INTRODUCTION: 

Field oriented control (FOC) and Direct torque control (DTC) schemes are widely applicable to 

control IM drive [1]- [4]. Both schemes allow torque and flux to be decoupled and controlled 

independently. In 1971, FOC was first proposed by F. Blaschke for induction motor control [5]. FOC 

makes control of IM similar to separately excited DC motor. The torque and flux both are 

independently controlled

by transforming of 3- stator current into the flux and torque producing components [6]. Precise 

estimation of motor parameters is required in FOC. Direct version (DFOC) and indirect version 

(IFOC) are the two ways FOC can be implemented [7]. The technique was being developed from a 

long time and has become mature from the industrial point of view. After thirteen years 

I. Takahashi developed and presented a new way to control torque as DTC [8]-[10], and as direct self-

control (DSC) [11]-[13] by M. Depenbrock. The path of the flux vector control in DSC is the only 

difference against the DTC. DTC is having quasi- circular path, whereas DSC is having hexagonal 

which increases switching frequency of DTC as compared to DSC. 

DTC abandons stator current control philosophy. Torque and flux control are achieved by directly 

modifying the stator voltage in accordance by torque and flux errors [14]. The advantage of DTC 

over FOC is that it does not require any current controller or pulse width modulation (PWM) 

generator. It is simple to implement and provides better torque control in steady state and transient 

operation. It doesn’t require any coordinate transformation and this controller is less sensible to 

parameter detuning. DTC has still some challenges which needs to be addressed like high torque 

and current ripple, switching frequency is lower than sampling frequency and has variable switching 

behaviour, control of torque at very low speed is difficult, annoying noise is generated at lower speed 

and it also lacks direct current control [4]-[9]. 

Various modified DTC schemes have been evolved to control the Induction Motor drive effectively. 

Improved switching tables without changing the original topology is given in [15]-[18]. Solutions 

implemented by Space Vector Modulation (SVM) techniques in [19]-[22]. Fuzzy logic and neural 
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network-based solutions are implemented in [23]-[24]. A new switching table is presented in [25] to 

solve the electromagnetic compatibility issue and reduce the common mode emissions called DTC 

EMC (Electro-magnetically compatible). Variable structure control (VSC) is effective for nonlinear 

system with uncertainties. It is robust and has fast response control but exhibits chattering in 

controlled quantities. In [14], authors proposed control by improving performance of different 

variable structure schemes and compared them. By using Feed Back Linearization (FBL), nonlinear 

control can be linearized, and controller is designed for the linear system, to use it into the control for 

the original system by using inverse transformation. FBL is sensitive to modelling error and 

disturbances. FBL is used in [26] for linearization of IM model. To solve the issues of uncertainties 

or modelling errors sliding mode control is introduced in [27]. It provides very good dynamic 

response for wide speed range of operation. FBL is integrated with SMC in [28]. 

This paper proposed modified DTC scheme for IM to suppress the ripple content in the flux and 

torque. Couplings between the components are the main contributors to produce ripple content. This 

paper proposes decoupling method with DTC scheme to decouple axis components to reduce the 

ripple of the flux and torque as well as to improve the dynamics & transient response of the 

induction motor. The ANN controller is used to control the torque and flux is controlled by 

derivative controller. The dynamic behaviour of Induction Motor Drive is improved by using the 

above mentioned. 

2. RELATED WORK: 

Zamora, J.I. SanMartín , F.J. Asensio, V. Aperribay J. GarcíaVillalobos. Proposes plug-in electric 

vehicles (PEV) 

[1] are emerging as an efficient and sustainable alternative for private and public road transportation. 

From the point of view of electric grids, PEVs are currently considered as simple loads due to their low 

market penetration. However, as the PEVfleet grows, implementation of an intelligent management 

system will be necessary in order to avoid large capital expenditures in network reinforcements and 

negative effects on electric distribution networks, such as: voltage deviations, transformers and lines 

saturations, increase of electrical losses, etc. As a consequence, this topic has been researched in 

many papers where a wide range of solutions have been proposed. Finally, on the basis of this review, 

main findings and some recommendations are presented. 

C. Chan, A. Bouscayrol and K. Chen. [2] proposes the advent of more stringent regulations related to 

emissions, fuel economy and global warming, as well as energy resource constraints, electric, hybrid 

and fuel-cell vehicles have attracted increasing attention from vehicle constructors, governments and 

consumers. Research and development efforts have focused on developing advanced powertrains and 

efficient energy systems. Although classic modelling approaches have often been used, new systemic 

approaches that allow better understanding of the interaction between the numerous subsystems have 

recently been introduced. 

In [3], various motors are compared and concluded that for electric vehicles induction motors (IM) is 

consensual. Hence, for driveline topology, IM drive is considered one of the best options. However, 

designing of the electric vehicle drive for competing with IC engines is facing many challenges such 

as efficiency, lower maximum speed, efficient braking, and transient & dynamic responses under a 

sudden change in operating conditions. To mitigate/improve the aforesaid challenges, advanced and 

better control strategies are needed. 

3. CONVENTIONAL DTC SCHEME: 

DTC schemes can be controlled based on direct modification of stator voltage, torque and flux error. 

The output torque and stator flux are estimated by the direct measurement of voltage and current. 
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αs βs 

(Vabc), current (Iabc) and speed are measured using the measuring instruments. DTC control is used 

to control the torque and speed of the IM by generating control signals to the inverter, which is 

used by SVPWM switching block to generate switching signals. 

A. Modelling of induction motor 

 

The state equation of IM in stator frame of reference is 

= - + + (1) 

  =  – (  -j   ) (2) 

Where, 

 

The electromagnetic torque is given by 

Fig. 1. Block diagram conventional DTC 

in Fig. 2, contains three main components: the torque and flux estimator, SVPWM 

switching signal generator and PI controller 

 

 
 

Fig.2. Basic scheme of conventional direct torque-controlled IM drive. 

In order to estimate torque and flux voltage, current and stator resistance are considered as 

inputs, the estimated torque and flux are used further to calculate torque and flux errors 

respectively. An error influx component is estimated by using voltage, current direct and 

quadrature axes components and resistance (Rs). 

Ѱαs =∫(Vαss-iαssRs)dt+Ѱαs0 (6) Ѱβs =∫(Vβss-iβssRs)dt+Ѱβs0   (7) The total stator flux 

(ψs) is calculated by 

Ѱαs=√Ѱ2 +Ѱ2 (8) 

 

The developed torque is estimated using the direct andquadrature axis flux and current 

components speed, calculated by using reference speedn 𝑇 3 𝑃 (9) 

α    LrTsσ 

and the measured speed of rotor, is passed through a PI to provide the reference torque.   The   

PI torque   regulator   gives Error in flux is calculated using required flux and estimated flux. 

Required voltage is calculated by passing it through the differentiator. The SVPWM block generates 

switching signals, such that flux and torque errors are minimized. The stator 
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A. SVPWM-DTC Technique 

In conventional DTC systems, the torque error and flux error are used to generate next switching 

condition of the VSI directly. However, this method uses two errors to produce stator reference 

voltage vectors, which are modulated by SVPWM technology. At last, a constant switching 

frequency signal is exported to the VSI. The DTC variable-speed system control principles will be 

introduced orderly as follows. 

The six nonzero vectors form the axes of a hexagonal. The two zero vectors are at origin. The eight 

vectors are called the basic space vectors and are denoted by V0-V7. The six nonzero vectors divide 

equally the d-q plane into six sectors. The sectors are numbered by S1-S6 and the angle between two 

adjacent vectors is 60 degrees.  

Step -2 Determine time duration T1, T2, T0 

 

Step -3 Determine the switching time of each transistor (S1 to S6) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Determination of Vd, Vq, Vref, and angle 

The direct axis voltage Vd, quadrature axis voltage Vq, angle α and reference voltage Vref 

can be determined using the voltage space vector and its components. 

4. PROPOSED DTC SCHEME: 

The proposed DTC is modification of the conventional one by using decoupling control to 

improve the transients and dynamic response of the IM under change in loading conditions. 

Obtained the relation with output of the control scheme as can be written as: 

u=Ѱαr⟮V∗-  2Lm  R⟯-
Ѱβs

(V∗+ω R)(12) 

αs    2R
α    LrTsσR β r 

Fig.4 Basic switching vectors and sectors 
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u   =Ѱαr⟮V∗- 2Lm  R⟯-Ѱαs(V∗+ω R) (13) 

Realization of Space Vector PWM:βs    2R R β r 

 

Step -1 Determine Vd, Vq, Vref and angle Now, (12) & (13) are clearly showing that 

the actual output is different against the 

conventional DTC scheme. This output is the decoupled version of the conventional DTC 

control. Therefore, the proposed DTC scheme includes additional decoupled block using (12) 

& (13) as shown in the Fig.6. Therefore, the system has reduced decoupling between the 

components and improved overall performance of the IM drives. 

 

 
 

Fig. 6. Control scheme of ANN DTC of IM. 

 

System Configuration using Neural Networks: 

In artificial intelligence, a neural network refers to a computational model that is inspired by 

the structure and function of biological neural networks. These networks are composed of 

artificial neurons or nodes, which are interconnected through weighted connections. These 

weights are adjusted through a process called training, during which the network learns to 

perform a specific task, such as image recognition or language translation. Once trained, the 

network can be used to make predictions on new data by passing it through the network and 

producing an output. Biological neural networks, also known as neural circuits or neuronal 

networks, are composed of a group of neurons that are chemically connected or functionally 

associated. 

 

Fig. 7. Neural Network 

A single neuron can receive input and send output to many other neurons, forming 

complex networks of interconnected neurons. These networks can be found throughout the 

nervous systems of animals, including humans. The connections between neurons, also known 

as synapses, allow for the transmission of electrical and chemical signals between neurons, 

enabling neural circuits to process information and generate behaviour. Neural networks are 

essential for many functions of the nervous system, including sensory processing, motor 

control, learning, and memory 
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Fig. 8. Block Diagram of Neural Network The working of a neural network controller   is 

correct.    The   input layer 

receives sensory inputs, hidden layers process the inputs and extract relevant features, and the 

output layer produces the control signal based on the processed inputs. The neural network 

controller is trained on a dataset of input-output pairs, and the weights and biases of the neurons 

in the network are adjusted to minimize the error between the predicted output and the actual 

output. Once trained, the neural network controller can make accurate predictions and produce 

appropriate control signals in real-time based on the current inputs. 

conventional control scheme. The system & IM parameters are presented in TABLE 1 as 

used in simulation. 

TABLE 1: System & IM Parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The advantages of neural network controllers over traditional controllers, which include non-

linearity, adaptability, fault tolerance, and generalization. Neural network controllers can handle 

non-linear systems, adapt to changing conditions and environments, tolerate faults and failures, 

and generalize well to new situations. These advantages make neural network controllers a 

powerful tool for controlling complex systems. 

 

5. SIMULATION RESULTS: 

 

The 4 kW IM drive system is taken into consideration to implement the conventional and 

proposed DTC schemes. The system is simulated in MATLAB platform to analyse the improved 

Parameter Value 

Rs 1.405 Ω 

Rr 1.395 Ω 

Ls 0.00589 H 

Lr 0.00589 H 

Lm 0.1722 H 

Inertia (J) 0.0131 kg.m2 

Pole pairs (P) 2 

Rated speed 

(ωr) 

1200 rpm 

Rated power 

(P) 

4000 W 

Voltage (V) 400 V (L-L) 

Frequency 50 Hz 
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behaviour of IM using proposed control scheme over 

A. Results of Conventional DTC 

 

The voltage waveform shows the poor dynamic response of the IM drives as it takes 

significant time to settle down to the steady state value. 

Fig. 9. Stator phase voltage with Conventional DTC. 

Similarly, which is sinusoidal due to the inductive nature of stator winding (behave as filter) 

and the current values are changing in proportional to the torque. 

 

 

Fig. 10. Stator current with Results of the with conventional DTC. 

Stator flux waveforms in 𝖺 and β axis are shown in Fig. 11. The waveforms are in quadrature 

nature with respect to each other and sinusoidal. The stator flux of IM is maintained constant 

irrespective of the change in torque and speed. 

 

Fig. 11. Stator direct and quadrature axis flux with conventional DTC. 

The reference speed is tracked by the actual speed of IM, can be seen clearly in the figure. This 

shows the effective 

 

performance    of    the    DTC    scheme. 

 

 

Fig. 12 shows the actual and reference speed of the IM. 
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Similarly, actual and reference torque waveforms are shown in Fig. 13. The actual torque follows 

the reference torque, but the dynamic response is poor. Also, the transient response needs to be 

corrected as the actual torque reaches up to 30 under starting condition of IM drive using 

conventional DTC. 

 

 

Fig. 13. Reference and measured torque with conventional DTC. 

B. Results of the Proposed Control Scheme 

Fig. 14 shows the phase A inverter voltage waveform. The dynamic response of the voltage 

waveform is better as compared to the conventional one. 

 

 
 

Fig. 14. Stator phase voltage with proposed DTC. 

Similarly, stator current of IM is shown in Fig. 15. The current transient and dynamic response is 

better than conventional one as it takes much less time to settle down at steady value. 

 

 
Fig. 15. Stator current with proposed DTC. 

The stator flux of d and q-axis components are shown in Fig. 16. The flux is constant 

throughout the period just like conventional DTC control. 

 

Fig. 16. Stator direct and quadrature axis flux with proposed DTC. 

The reference and actual speed waveforms are shown in Fig. 17. This shows the better 

dynamic response of the IM drive as reference speed is tracked by actual speed only at 0.2s 

as compared conventional DTC which takes 0.4s. 
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Fig. 17. Reference and measured speed with proposed DTC. 

Similarly, the reference and actual torque waveforms are shown in Fig. 18. The transient 

and dynamic response of IM drive can be clearly seen from the waveform that actual torque 

hasreduced peak under transient conditions and tracked the reference value much earlier 

against the conventional DTC. 

 

 

Fig. 18. Reference and measured torque with proposed DTC. 

6. CONCLUSION: 

The Efficient Neural Network (NN) based Direct Torque Control (DTC) presents a promising 

approach to improve the performance and efficiency of IMs in EVs. This paper proposes a novel 

DTC strategy based on NN model, which achieves accurate torque and speed control, reduced torque 

ripple and improved dynamic response. The implementation of the  proposed system on 

MATLAB/SIMULINK software shows satisfactory results in terms of accuracy, efficiency and 

robustness. Overall, the above results demonstrate the potential of NN based DTC for IMs in EVs to 

enhance their performance and efficiency, thus contributing to the advancement of the EV industry 

towards a more sustainable future. 
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