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Abstract: DTC, or Direct Torque Control, is an intriguing control method for induction motor drives (IMD) due to its independence from 

machine rotor parameters. Despite its simplicity, DTC offers effective control of torque steady and transient states. Nevertheless, hysteresis 

comparators in DTC drives encounter the problem of excessive ripples in torque and inconsistent switching frequency. Conventional DTC, 

on the other hand, is plagued by significant torque and flux ripples. To tackle this challenge, the widely adopted approach is to incorporate 

Space Vector Modulation (SVM), which relies on the reference flux and torque. This research paper explores the implementation of LSTM-

ANN controllers in conjunction with the SVM method for the inverter. The torque ripple is significantly reduced by the proposed DTC-

SVM-IMD system based on LSTM-ANN. To achieve precise speed control, a Fuzzy-PI Controller is employed, while LSTM-ANN duty 

ratio control is utilized to minimize ripples in flux and torque. The controller's gains are updated by the LSTM-ANN's output, which 

receives accurate outputs from the speed error and its derivative. This online tuning ensures excellent control performance, even when 

there are parameter variations and drive non-linearity. The benefits enable the integration of DTC-SVM-IMD with LSTM-ANN for electric 

vehicles. 
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1. Introduction 

DTC has garnered considerable interest in contemporary literature. 

The machine's torque and flux are directly controlled by utilizing 

the hysteresis band [1-3]. In case the stator flux strays from the 

hysteresis region, the inverter will modify its settings to guarantee 

that the flux aligns with the optimal path towards the target value. 

The concept of "DTC" originates from the capability to directly 

adjust the inverter settings according to the differences between the 

desired and calculated values of torque and flux. The primary 

objective of this control strategy is to reduce the errors in flux and 

torque within specified boundaries. Figure 1 illustrates the 

generalized diagram of the conventional SVM-DTC. 

DTC offers several key benefits, including a robust and rapid 

torque response, as well as the elimination of the need for 

coordinate transformation, PWM generator, and current regulators 

[4-5]. Nevertheless, a major disadvantage of DTC lies in the 

existence of constant state ripples in flux and torque. These 

variations in torque and flux adversely affect the precision of speed 

estimation, leading to higher levels of acoustical noise and 

harmonic losses [6-7]. Ripples in torque and flux of DTC induction 

motor drive present a significant challenge due to the inability of 

the switching vectors to generate the exact stator voltage needed 

for desired variations in flux and torque. In the conventional DTC 

method, hysteresis comparators analyze the errors in flux and 

torque magnitude to determine the suitable stator voltage vector 

that should be applied to the terminals of IMD. The complex plane 

is divided into 6 number of sectors, and a switching table is 

established to obtain the necessary vector based on the outputs of 

the hysteresis comparators. Nevertheless, the formidable task of 

keeping the machine torque within the hysteresis bands becomes 

exceedingly difficult due to the swift time constants of stator 

dynamics [8-10]. This objective can be accomplished through two 

methods: either by enhancing the sampling frequency to increase 

the commutation losses, switching frequency, and computational 

requirements, or by employing multilevel devices. 

 

Fig. 1. DTC-SVM basic model. 

 

The utilization of hysteresis band in traditional DTC 

implementations results in a fluctuating switching frequency, 

which is influenced by factors such as rotor speed, load, sample 

frequency, and more. The fluctuating switching frequency can lead 
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to the emergence of resonant dynamics in loads, thus posing a 

notable drawback of SVM-DTC. 

There are typically two approaches available for reducing torque 

and flux ripple in DTC drives. The first method involves using a 

multi-level inverter, while the second method utilizes SVM [11-

15]. The multi-level inverter method tends to increase both the cost 

and complexity of the system, whereas the SVM method can 

effectively reduce torque and flux ripple, although the switch 

frequency still varies. It is worth noting that most of these methods 

require significant computational resources. In the following 

section, an ANN based LSTM approach is proposed to address 

ripple reduction in torque. The optimal amplitude of the torque 

hysteresis band is established through the utilization of LSTM-

ANN controllers. 

2. Proposed Work 

The implementation of a LSTM-ANN controller aims to improve 

the efficiency of the DTC scheme by minimizing the fluctuations 

in flux and torque. The conventional PI controllers employed are 

speed regulators that require a precise mathematical model of the 

system and appropriate values for the gains to attain optimal drive 

performances. However, any unforeseen variations in load 

conditions can lead to overshoot, motor speed oscillations, torque 

oscillations, prolonged settling time, and ultimately degrade the 

overall drive performances.  

Throughout the entire switching cycle, the chosen voltage vector 

is consistently implemented, accommodating fluctuations in 

electromagnetic torque and stator flux over the entire duration. 

Consequently, this leads to significant fluctuations in flux and 

torque. In order to address these issues in DTC, three LSTM-ANN 

controllers have been extensively examined in various literature 

sources.  

Figure 2 illustrates the depicted DTC-SVM with LSTM-ANN 

systems. The implementation of LSTM-ANN Logic in the online 

adjustment of the PI controller includes the reception of scaled 

values for both the speed error and the rate of change of speed 

error. Subsequently, the parameters of LSTM-ANN controller are 

adjusted based on trail ad error method, ensuring exceptional 

control performance despite parameter variation and non-linear 

drive. 

Figure 2 depicts the block diagram showcasing the utilization of 

closed-loop flux and torque control within the stator flux 

coordinated model. The LSTM-ANN torque and flux controllers' 

results can be used to derive the reference stator voltage 

components. Terms Vsy and Vsx, are the coordinates of stator flux. 

We are able to achieve satisfactory speed and torque responses by 

employing three LSTM-ANN controllers. The outputs of these 

controllers are converted from X-Y to α-β coordinate components, 

resulting in Vsx and Vsy. Subsequently, we utilize these values to 

generate six switching states through the implementation of SVM, 

as detailed in section III. 

3. DTC of IMD 

To attain the intended stator flux, it is imperative to meticulously 

choose the appropriate state of the VSI. If we simplify the situation 

by disregarding the ohmic drops, it is important to note that the 

voltage of stator directly impacts the flux, as indicated by equations 

1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. LSTM-ANN controllers-based DTC-SVM model. 

       (1) 

            

       (2) 

It is possible to independently control the stator flux and torque by 

adjusting the tangential and radial components of the stator flux-

linkage’s vector. The elements are closely linked to the elements 

of the voltage vector in identical orientations. Figure 3 illustrates 

the fluctuations in the stator flux and its dynamics, which are 

contingent upon the selected VSI states. The stator flux of the 

global locus is partitioned into 6 sectors, denoted by the interrupted 

line. 

Based on Figure 3, the comprehensive Table 1 can be derived. 

Table 1 demonstrates that the states Vm+3 and Vm have no impact 

on the torque, as they can either amplify (during the initial 300) or 

reduce (during the subsequent 300) the torque within the identical 

sector, depending on the position of flux. The SVM is adopted 

from [13-15]. 
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Table 1: DTC selection process being “m” the sector number. 

 

Voltage Vector Decrease Increase 

Torque Vm-2; Vm-1. Vm+2; Vm+1 

Stator Flux Vm-2; Vm+2; Vm+3. Vm-1; Vm; Vm+1. 

 

FI/FD stands for flux increase/decrease, while TI/T/TD stands for 

torque increase /equal/ decrease. Sx denotes the flux sector of stator 

winding. Φ represents the error module of stator flux following the 

hysteresis control, and τ denotes the torque error following the 

hysteresis control. 

The stator flux SVM sectors are labeled as S1 through S6. The 

hysteresis block leads to two potential values for the error in stator 

flux modulus (Φ). On the other hand, the hysteresis system can 

result in three distinct values for the torque error (τ). Table 2 

provides the necessary information regarding the selection and 

preservation of the zero voltage vectors V7 and V0, as long as the 

torque error remains within the predetermined limit of hysteresis 

band[16-17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. SVM methodology of DTC. 

 

 

 

Finally, the lookup table of DTC-IMD is shown in below: 

 

Table 2: Switching states for DTC. 

4. LSTM-ANN Controllers 

The smart grid's operation and control necessitate data analysis, 

processing, verification, and data storage. Hence, this study 

incorporates an LSTM algorithm based on artificial neural 

networks (ANN) from [15-20]. Additionally, the ANN controller's 

gains are fine-tuned using a deep learning method. Typically, the 

signals received from different sections/microgrids in smart grid 

control units are noisy. To enhance the smart grid's operation, the 

noisy signal must be filtered. The ANN-based controller unit was 

designed with memory cells, as illustrated in Figure 4. The 

fundamental equations are utilized to construct the internal 

structure of the LSTM system, which is then illustrated in Figure 

5. A system is equipped with a machine learning (deep learning) 

algorithm that adjusts the neuron weights as required. In the 

analysis, an unidentified noise signal (ns) is also taken into account, 

as there could be a disruptive magnetic signal present in the smart 

grid caused by high voltage and other elements. To mitigate these 

signals, the LSTM block takes into account the opposite polarity 

in each element. 
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   Fig. 4. ANN based LSTM model.  
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Fig. 5. LSTM Model of a cell. 

 

Algorithm for LSTM System 

Inputs: Data sheet of load torque, speed reference, flux, SVM 

→Dpp. 

Output: Reference command Signals. 

Initialization: ‘n’ number of torque units are considered← {T1, T2, 

……Tn}, ‘l’ number of load torques ← {TL1, TL2, ……TLl}, etc. 

Number of LSTM nodes: NLSTMs. 

1: Procedure LSTM_Predictions. 

2: Identification for Features from Dpp. 

3: for m← l; 0 to n; etc. 

4:  Gm[m] ← input1(); Ym[m] ← input2(); etc. 

5: end for 

6: for m← l; 0 to n; etc. 

7:  Normalize Te, TL, and other inputs in {0, 1} range. 

8: end for 

9: for q←0 to n; l; etc. 

10: if {Tm[q]; TLm[q]; etc}.NotValid then. 

11: {input}←.Interpolate(). 

12: Dpp←duplicate_values. 

13: Dp←processed(Dpp). 

14: end if 

15: end for 

16: Repeat for all nodes of LSTM. 

17: Output: Predict_best_value_DPP_LSTMlayer. 

18: end procedure. 

 

5. Results 

This research paper investigates the speed, flux, and torque of 

SVM-DTC utilizing three LSTM-ANN controllers for an 

Induction motor. The responses of the generated an reference 

torques are depicted in Figure 6. In the Simulink model, the motor 

is subjected to a reference torque of 5.0Nm from time 1.0 to 1.3, 

8.0Nm from time 1.3 to 1.8 seconds, and 3.0Nm from 1.8 to 2.0 

seconds. The torque produced follows the reference value 

accurately, with the induction motor speed aligning with the 

80rad/s reference speed, as illustrated in Figure 7. The flux 

trajectory exhibits a smooth curve, as illustrated in Figure 8. For 

further information on the LSTM and motor parameters, please 

refer to the appendix (Table-4). It is important to highlight that the 

utilization of the LSTM-ANN controller results in a reduction in 

flux ripple, as observed from the stator flux trajectory. 

The motor load typically fluctuates due to various factors. 

Therefore, the efficiency of the suggested system is evaluated 

against the TS-Fuzzy approach. Additionally, the electromagnetic 

torque response produced by the motor is illustrated in Figure 9 as 

the reference torque changes, and it is contrasted with both the TS-

Fuzzy and proposed controllers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               Fig. 6. Responses of reference generated torques. 

 

 

 

 

 

 

 

 

 

 

 

 

                                  Fig. 7. Responses of reference and generated speeds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Stator Flux Trajectory. 
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Fig. 9. Response of torque in per unit (pu) 

 

6. Conclusion 

The present document presents a DTC drive featuring ANN-LSTM 

controllers. This controller establishes the target range for torque 

hysteresis band. The suggested method has shown to result in 

improved torque and stator flux responses under stable operating 

conditions. Improved torque and flux ripple characteristics across 

different speeds result in reduced switching loss and noise levels 

during motor operation. DTC-SVM with LSTM-ANN controllers 

is well-suited for electric vehicles because of its numerous 

benefits, especially in meeting the demanding starting torque  

needs while minimizing torque fluctuations. 

7. Appendix 

The DTC approach proposed by LSTM-ANN to minimize torque 

fluctuations has been widely acknowledged for its effectiveness in 

solving various issues. Utilizing a LSTM-ANN controller to assess 

the magnitude of torque hysteresis limit based on the ripples level 

in torque appears to be a logical decision. Unlike a predetermined 

value, the amplitude of hysteresis band for torque in this study is 

determined by a LSTM-ANN controller. After examining sections 

(II and III), two inputs have been chosen, specifically variations in 

errors of speed and flux. These inputs are represented by equations 

3 and 4 below. 

e1(k)=ω(k)-ω(k-1)      (9) 

e2(k)=Ψs(k)-Ψs(k-1)      (10) 

The stator flux’s magnitude is represented by 

 𝛹𝑠 = √(𝛹𝛼𝑠
2 +𝛹𝛽𝑠

2 )     (11) 

The integration of the crisp output ∆b  from equation 6 yields the 

amplitude of the torque hysteresis band. 

br(k)=br(k-1)+Δbr(k)    (12) 

 

Parameters of IMD: 

Table 3: Various components in IMD. 

 

Parameters Values 

Resistance of Rotor (Rr). 7.55Ω 

Resistance of Stator (Rs). 7.83Ω 

Inductance of Rotor (Lr). 0.4751H 

Inductance of Stator (Ls). 0.4751H 

Voltage at DC Link (Vdc). 320V. 

Mutual Inductance (M). 0.4535H 

Pole pairs (2p). 2.0 

Friction (B). 0.0021 

Inertia (J). 0.06 
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