
100                                                                               PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 2/2023 

AOUFI Ahmed  1 , BOUREK Amor 1, GHADBANE Ismail 2 
1 University  of  Biskra,  LGEB  Laboratory,  BP,  145,  07000,  Algeria(1) 

Electrical Engineering Laboratory, Department of Electrical Engineering, University of Msila, Algeria (2)  
 

doi:10.15199/48.2023.02.16 
 

Real Time Implementation of Fuzzy Logic Based Direct Torque 
Control of Three Phase Induction Motor 

 
 

Abstract. Torque by means the space vector modulation (DTC-SVM) technique using a fuzzy logic controller and applied to the induction drive 
powered by a two-level inverter. Direct torque control (DTC) is used to achieve torque decoupling fuzzy regulation and space vector modulation in 
order to keep torque ripple and flux to a minimum. This paper uses a DTC-SVM method based on fuzzy logic controllers to overcome the limitation of 
DTC-SVM based PI controllers, such as sensitivity to machine parameter variation and external disturbance.  In the end, the feasibility and 
effectiveness of the suggested methods are experimentally confirmed Validation with a real-time Matlab / Simulink program DSpace-based 
interface1104 
 
Streszczenie. Moment obrotowy za pomocą techniki modulacji wektora przestrzennego (DTC-SVM) z wykorzystaniem sterownika logiki rozmytej i 
zastosowany do napędu indukcyjnego zasilanego przez dwupoziomowy falownik. Bezpośrednie sterowanie momentem obrotowym (DTC) służy do 
uzyskania rozmytej regulacji z odsprzęganiem momentu obrotowego i modulacji wektora przestrzennego w celu ograniczenia tętnienia i strumienia 
momentu obrotowego do minimum. W artykule wykorzystano metodę DTC-SVM opartą na sterownikach z logiką rozmytą w celu przezwyciężenia 
ograniczeń sterowników PI opartych na DTC-SVM, takich jak wrażliwość na zmiany parametrów maszyny i zakłócenia zewnętrzne. Ostatecznie 
wykonalność i skuteczność proponowanych metod jest potwierdzona eksperymentalnie Walidacja z programem czasu rzeczywistego Matlab / 
Simulink opartym na interfejsie DSpace1104 (Implementacja w czasie rzeczywistym opartej na logice rozmytej bezpośredniej kontroli 
momentu obrotowego trójfazowego silnika indukcyjnego) 
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Introduction 
The induction motor coupled to a frequency converter is the 
most used type of motor for applications where it is 
necessary to control the speed and movement of a load. 

Because of its undeniable benefits (reliability and ease 
of design and maintenance, low cost, and, most all, the lack 
of the brush-collector assembly), the asynchronous 
machine is widely used, is the most used in industry, 
researchers never tire of improving its performance both on 
the asynchronous machine (IMs) and (PMSMs) are the 
most common AC machines. The induction machine has 
been increasingly successful for two decades by gradually 
replacing DC and synchronous machines in many industrial 
and transport applications.[1]-[2] 

This success achieved by the induction machine is due 
to its robust design, which reduces maintenance costs by a 
relatively low cost compared to other electrical machines 
and also by increasing the computing capacity of the 
microprocessors to achieve high-performance control.  

 To get around the parametric adaptation problems 
raised by Takahashi and Depenbrock in 1985. The 
fundamental idea behind DTC is that stator voltage vectors 
should be chosen explicitly based on the changes in torque 
references and stator flux between the theoretical and 
actual values [3]-[9] 

The current controllers, which are followed by an MLI 
comparator, are not utilized in DTC commands, and 
machine parameters are not used either, with the exception 
of the motor's Stator resistance. 

As a result, the advantage of DTC is that it is less 
dependent on machine characteristics to provide a rapid 
torque response by pulse width when compared to torque 
control current controls for modulation and a simpler 
configuration. Several attempts are now being designed to 
improve the DTC instruction in terms of reducing torque and 
switching frequency of the Range inverter. [10]-[13] 

The disadvantages of the Classic DTC strategy are 
also significant and most are derived from the fact that the 
switching frequency is highly variable  

This can naturally raise problems of electromagnetic 
compatibility because it becomes difficult to guarantee the 
non-existence of harmonics at given frequencies. 
On the other hand, the variations of the speed switching 
frequency and the torque from a few tens of Hz at low 
speed to a few khz at medium speed necessarily generates 
a high intensity audible noise which can be particularly 
annoying at low speed.  

In order to overcome the problem of switching frequency 
variation; related to the structure of conventional DTC 
control, we are going to study, control technique, based on 
SVM modulation. 

The torque and flux ripples under steady state can be 
reduced by fuzzy logic switching controller[14]-[20] 
In this research, a fuzzy logic controller for IM drives with 
space vector modulation is presented to address most of 
the limitations of standard DTCs and provide good control 
performance, such as low ripple level and quick dynamic 
with simplicity and robustness. 
 
2. Model Presentation  

In the stationary frame, the following is a description of 
the induction motor system: 
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where: f(x) expresses the state variable x as a nonlinear 

function; 𝐼௦ఈ ,𝐼௦ఉ  are the stator current components; Vୱαβ 

Represents the system-applicable control vector, that's 
represented in components of the stator voltage; 𝜓௦ఈ, 𝜓௦ఉ   
: stator flux components; Rs, Rr  : inductance of rotor and 
stator, respectively;  Ls , Lr : inductance of stator and rotor, 

respectively;  𝜎 ൌ 1 െ
ெೞೝ

௅ೞ௅ೝ
  : Blondel's coefficient;  Ts,Tr : 

The time constants for the stator and rotor; Msr is  the 
mutual inductance of rotor-stators 
 
3. Fuzzy Logic Controller Design 

The most popular use of fuzzy logic is fuzzy control. 
Indeed, this method makes it possible to obtain an 
adjustment that is often very effective without having to do 
any modelling thorough  Fuzzification, rule execution, and 
defuzzification are the three core modules of a fuzzy 
controller, which is a knowledge-based system.  The fuzzy 
controller's main component is the rule base, which displays 
how the controller responds to each input condition. The 
rule is built on the selection of If-Then type rules: 

 
      MjCiskTeThenBiskCEandAiskEIfR jjjj ..1,:   

 
 

 
 

 
 
Fuzzy sets  are : Bj, Aj  and Cj    
When NM (negative medium), NL (negative large), etc. 
defining fuzzy partition on the controller input space  and 
CE(k)  and E(k)  are a scaled and normalized 
representation of the error e(k) the change in error ce(k) 
provided by: 
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The membership function, which indicates the degree 

of membership of E(k) in the fuzzy set Aj, , introduces the 
sentence "E(k) is Aj " This is known as the fuzzification 
process. The membership feature's appearance is highly 
subjective and is determined by the user's selection. 
Trapezoidal and triangular shapes are commonly utilized for 
their simplicity. The rules are either derived from 
engineering expertise or generated automatically by an 
adjustment method. 

The logical operators "and" and "Then" can be 
interpreted as a min or algebric object, and various 
defuzzification and inference methods can be used to get a 
crisp output result [20]-[25]. The crisp value of the controller 
output is: if the operators "and" and "then" are implemented 
as algebrics and the max-product inference and centroid 
defuzzification procedures are used. 

 
(7)              
 
 

where c0j is the middle  of Fuzzy set Cj membership 
function, , such that  . The equation above can be written 
as:  

 (8)    

Where mj(k) is the uniform degree of j th rule contribution to 
controller performance  

(9)  

 
 

 
Fig/ 1. Membership 
 

Fuzzy has seven input membership functions, and 
output is Negative Large (NL), Negative Medium(NM), 
Small  Negativ(NS), Zero(Z), Positive Small(PS), Positive 
Medium(PM), and Large Positive(PL). Rules used in Fuzzy 
logic  controller for DTC-SVM; Scheme appears in the 
Table 1. 

 
Table 1. Fuzzy Logic Control Rules 

 
 
4. SVM based direct torque control 

The torque ripple caused by the hyteresis band is a key 
flaw with traditional DTC. Even so, also with reducing 
bandwidths, the torque is still significant due to hysteresis 
frequency uncontrollability . Additionally, very small 
bandwidth values increase the Speed Flipping inverter  
 
5. Experimental results 

The experimental tests will also check the control 
scheme proposed was performed in the dSpace 1104 board 
equipped laboratory. The experimental setup for 
implementation of the induction motor drive is basically as 
illustrated in Fig. 2  : 1: 1.1 kW squirrel cage with induction 
motor  2: Semikron converter with IGBT inverter and a 
rectifier. 3: sensor velocity 4: Dspace 1104 5. Computer 
desktop with control desk  6: Load control panel   with 
magnetic powder 7: Voltages sensor 8:Current sensor  9: 
GW-INSTEK Numerical oscilloscope  
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Fig..2 presentation of experimental setup  
 

 

Fig. 3. Showing the experimental setup 

The figures below display different operating 
conditions for induction motors, such as steady state, load 
activity ... etc. Fig.4 presents the experimental results of 
induction motor response at start-up and during load 
application.  Figure 6 shows the stator flux with low ripples 
and follows its 1Wb reference. the use of DTC-SVM with 
fuzzy controller shows the rapidity of the flux response with 
a perfect continuation of its reference 

 

 
Fig. 4. Responses to speed and torque during starting and then 
load operation 

 

Fig. 5 . Speed(rpm) and Stator phase current isa (A) 

Fig. 
6. magnitude of stator flux (Wb) 

 

Fig. 7. stator flux response 

 

Fig. 8. Stator flux circular trajectory (ψsα, ψsβ) 
 

In Fig 7, the flux components in the trajectory have the 
same strong waveform and degree of ripples. Fig.9 shows 
variable speed in various regions (1000 rpm-800rpm-
600rpm-400rpm-200 rpm) 
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Fig. 9. Speed response with trapezoidal reference while direction 
reverses 

 
Fig. 10. Benchmark speed trajectory: speeds measured in various 
regions (1000 rpm-800rpm-600rpm-400rpm-200rpm)  
 

7. Appendix 
The parameters of experimental test bench are:  
P= 1.1kw , Vs = 220/380 V , I=4.4 A, Msr= 0.4957 H, p=2 , f=0.002 
SI, f=0.002 SI, J = 0.01240 kg.m2  Rs = 6.750 Ω, Rr = 6.210 Ω, Ls 
= 0.51920H , Lr =0.51920H 
 

8. Conclusion 
In this work, the direct torque control technique based 

on fuzzy controller was investigated. Constant switching 
frequency is used in this technique, which lowers inverter 
switching losses and harmonics in torque and flux. It also 
illustrates that by selecting an output voltage vector, the 
experimental results indicate that the fuzzy SVM-DTC may 
reduce flux and torque ripples. 
 

Authors: Aoufi ahmed , LGEB laboratory, Phd student at 
Department of Electrical Engineering ,Faculty of technology , Biskra 
University, Algeria. Email: ahmedaufi2022@gmail.com 
 Pr .Bourek Amor, LGEB laboratory ,Faculty of technology ,biskra 
University, Algeria.Email : bourek_amor@hotmail.com 
Dr. IsmailGhadbane , LGE laboratory ,Faculty of technology , M’sila 
University, Algeria.Email : ismail.ghadbane@univ-msila.dz 

REFERENCES 
[1]. Takahashi and T. Noguchi, “A New Quick-Response and High-

Efficiency Control Strategy of an Induction Motor,” Ind. Appl. 
IEEE Trans., vol. IA-22, no. 5, pp. 820– 827, 1986.  

[2] R. Toufouti, S. Meziane, and H. Benalla, “Direct torque control 
strategy of induction motors,” Acta Electrotech. Inform., vol. 7, 
no. 1, pp. 1–7, 2007 

[3] P. P. Bawankule and S. S. Gokhale, "Direct torque control of 
induction motors based on space vector modulation", J. SCI. 
IEEE Int. Conf. on Energy Efficient Technologies for 
Sustainability ICEETS2016, pp. 7-8, Apr., 2016. 

[4] E. Ozkop and H.I. Okumus, "Direct torque control of induction 
motor using space vector modulation (SVM-DTC)", 12th 
International Middle-East Power System Conference, pp. 368-
372, 2008. 

[5] Y. Zhang, J. Zhu, W. Xu and Y. Guo, "A Simple Method to 
Reduce Torque Ripple in Direct Torque-Controlled Permanent-
Magnet Synchronous Motor by Using Vectors With Variable 
Amplitude and Angle", IEEE Transactions on Industrial 
Electronics, vol. 58, no. 7, pp. 2848-2859, July 2011. 

[6] T. G. Habetler, F. Profumo, M. Pastorelli, and L. M. Tolbert, 
“Direct torque control of induction machines using space vector 

modulation,” Ind. Appl. IEEE Trans., vol. 28, no. 5, pp. 1045–
1053, 1992 

[7] Kumsuwan Y, Premrudeepreechacharn S, Toliyat H. “ Modified 
direct torque control method for induction motor drives based 
on amplitude and angle control of stator flux.”  Electric Power 
Systems Research, 2008, 78(10): 1712–1718 

[8] M. Uddin and M. Hafeez, “FLC-Based DTC Scheme to Improve 
the Dynamic Performance of an IM Drive,” IEEE Trans. Ind. 
Appl., vol. 48, no. 2, pp. 823–831, Mar. 2012.  

[9] M. Petronijevic, N. Mitroviic, V. Kostic, and B. Bankovic, “An 
Improved Scheme for Voltage Sag Override in Direct Torque 
Controlled Induction Motor Drives,” Energies, vol. 10, no. 5, p. 
663, May 2017.  

[10] Tomas D. Telford, M. W. Dunnigan, and B. W. Williams, “A 
novel torque ripple reduction strategy for Direct Torque 
Control”, IEEE Trans. On Industry Electronics, vol. 48, no. 4, 
pp.867-870, Aug.2001. 

[11] Jun-Koo Kang and Seung-Ki Sul, "New direct torque control of 
induction motor for minimum torque ripple and constant 
switching frequency," in IEEE Transactions on Industry 
Applications, vol. 35, no. 5, pp. 1076- 1082, Sep/Oct 1999. 

[12] S. Malla, "A Review on Direct Torque Control (DTC) of 
Induction Motor: with Applications of Fuzzy", IEEE Int. Conf. on 
Electrical Electronics and Optimization Techniques 
ICEEOT2016, pp. 4559-4567, 3–5 Mar., India. 2016. 

[13] N.R.N. Idris and A.H.M. Yatim, "Direct torque control of 
induction machines with constant switching frequency and 
reduced torque ripple", IEEE Transactions on Industrial 
Electronics, vol. 51, no. 4, pp. 758-767, Aug. 2004. 

[14] B. N. Singh, B. Singh,A. Chandra, K. Al-Haddad, "Digital 
implementation of fuzzy control algorithm for shunt active filter" 
European Transactions on Electrical Power Volume 10, Issue 
6, pages 369–375, November/December 2000. 

[15] H. Mesloub, M. T. Benchouia, A. Goléa, N. Goléa, M.E. H. 
Benbouzid. "A comparative experimental study of direct torque 
control based on adaptive fuzzy logic controller and particle 
swarm optimization algorithms of a permanent magnet 
synchronous motor", The International Journal of Advanced 
Manufacturing Technology, 2016 

[16] Kumar, Danduprolu Kiran, and Gaddam Tulasi Ram Das. 
"Adaptive Fuzzy Controller Based Self Regulated Reference 
Stator Flux Estimator of Direct Torque Control for Three Level 
Inverter Fed IPMSM." International Journal of Intelligent 
Engineering and Systems 13.2 (2020): 11-19.  

[17] Abdelkarim Ammar, Amor Bourek, Abdelhamid Benakcha. 
"Robust SVM-direct torque control of induction motor based on 
sliding mode controller and sliding mode observer", Frontiers in 
Energy, 2017 

[18] S. Gdaim, A. Mtibaa and M. F. Mimouni, "Design and 
Experimental Implementation of DTC of an Induction Machine 
Based on Fuzzy Logic Control on FPGA," in IEEE Transactions 
on Fuzzy Systems, vol. 23, no. 3, pp. 644-655, June 2015.doi: 
10.1109/TFUZZ.2014.2321612. 

[19] Lokriti A , Salhi I, Doubabi S. (2019). “DSPace based 
implementation of DRFOC using hysteresis stator flux 
controllers for IM ”  European Journal of Electrical Engineering, 
Vol. 21, No. 1, pp. 61-66. https://doi.org/10.18280/ejee.210110 

[20] M. Haseeb, A. Refky and H.A. Shatla, "Torque ripple reduction 
in direct torque control of induction motor using double fuzzy 
logic control", J. Sci of Multidisciplinary Engineering Science 
and Technology, vol. 3, no. 3, 2016.  

[21] J. M. R. Malla, M. K. Sahu and P. K. Subudhi, "DTC-SVM of 
induction motor by applying two fuzzy logic Controllers", IEEE 
Int. Conf. on Electrical Electronics and Optimization 
Techniques ICEEOT2016, pp. 3-5, Mar. 2016. 

[22] G.S. Buja and M.P. Kazmierkowski, "Direct torque control of 
PWM inverter-fed AC motors - a survey", IEEE Transactions on 
Industrial Electronics, vol. 51, no. 4, pp. 744-757, Aug. 2004. 

[23] ] O. Ouledali, A. Meroufel, P. Wira, S. Bentouba. "Direct 
Torque Fuzzy Control of PMSM based on SVM",Energy 
Procedia, 2015 

[24] Jia-Qiang Yang, Jin Huang "Direct Torque Control System for 
Induction Motors With Fuzzy Speed Pi Regulator" Proceedings 
of the Fourth International Conference on Machine Learniing 
and Cybernetics, Guangzhou, 18-21 August 2005 

[25] Ndoumbé, Matéké Max, et al. "DTC with fuzzy logic for multi-
machine systems: traction applications." International Journal 
of Power Electronics and Drive Systems 12.4 (2021): 2044. 


