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Abstract: In this paper, a novel direct torque neuro-fuzzy control (DTCNF) based space voltage 
modulation (SVM) technique for dual two level inverter fed induction motor is presented. The proposed 
scheme produces voltage space vector locations identical to those of a conventional three-level inverter. 
In this new scheme an adaptive NF inference system (ANFIS) to replace the switching table and the 
hysteresis comparators, for generate the reference voltage using space vector modulation (SVM) 
techniques for dual two level inverter. Compared with conventional direct torque control (C_DTC), in 
this new technique, the ripples of both torque and flux are reduced remarkable, and switching frequency 
is maintained constant. Simulation results verify the validity of the proposed method.  
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1. INTRODUCTION 

For over fifty years, DC motors have been widely used in 
variable speed drives applications principally due to their fast 
torque response, high precision of regulation and the 
possibility to use these motors in whichever mode of 
operation [1]. However DC motors with drawbacks of spark, 
corrosion and necessity of maintenance, this motor has been 
replaced by AC induction motors (IMs)[2].Induction motors 
(IMs) are widely used in many industrial applications due to 
their mechanical robustness and low cost [1,2]. However, it is 
known that the control of induction motors is relatively 
difficult compared to other kinds of motors, such as DC 
motors and synchronous motors due to their coupled and 
nonlinear model [1-4]. 

To solve this problem and achieve high performance, field-
oriented control (FOC) schemes have been proposed by F. 
Blaschke in 1972 [4]. This method can provide at least the 
same performance from an inverter-driven induction motor as 
is obtainable from a separately excited DC motor [5].  

Today field oriented controlled drives are an industrial reality 
and are available on the market by several producers and with 
different solutions and performance [6]. However in this 
method, it is necessary to determine correctly the orientation 
of the rotor flux vector [1], and she is very sensitive to the 
deviation of motor parameters, particularly the rotor time-
constant [2]. For reduction of the complexity of the 
algorithms involved in a field oriented control, several 
researches have been devoted to find out new technique for 
the Induction motor control having the features of precise and 
quick torque response [6,7].Thirteen years later, a new 
technique for the torque control of induction motors was 
developed and presented by I. Takahashi as direct torque 
control (DTC) [8], and by M. Depenbrock as direct self 
control (DSC) [9].Since its introduction, the direct torque 
control principle was widely used for IM drives with fast  
dynamics [10]. This method provides a good performance 

with a simpler structure and control diagram. In DTC it is 
possible to control directly the stator flux and the torque by 
selecting the appropriate VSI state [11]. The main advantages 
offered by DTC are [6, 10,11]:   

- Absence of coordinate transformation and current regulator 
and PWM signals generator.  
- DTC is able to produce fast torque and flux control.  
- DTC allows a good torque control in steady-state and 
transient operating conditions to be obtained. 
- Decoupled control of torque and stator flux  
- Robustness for rotor parameters variation. 
However, in spite of its simplicity, the DTC allows some 
drawbacks that are summarized in these points [11,12]: 
- Variable switching frequency behaviour, due to the 
presence of hysteresis controllers. 
- Very sensitive for stator resistance variation, is needed for 
the torque and stator flux estimator. 
- Flux and current distortion caused by sector changes of the 
flux position. 
- High ripple level at low speed. 

But, in the last nine years, many researches have been carried 
out to overcome some of the drawbacks of the basic DTC 
[6,11,12]. In particular some solutions proposed are: direct 
torque and flux control based on SVM (DTC-SVM) for IM 
sensorless drives. This way, the DTC transient performance 
and robustness are preserved and the steady-state torque 
ripple is reduced [10,13].Additionally, the switching 
frequency is constant and totally controllable. In [11][14–16]; 
the author’s presents a new control scheme based on DTC 
designed to be applied to an Induction Motor fed with a 
three-level voltage source inverter (VSI). The major 
advantage of the three-level VSI topology when applied to 
DTC, especially for low switching frequency inverter system, 
illustrates quite reduced torque ripple characteristics all over 
the operating speed region [16]. 
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Actually, because of their success, intelligent controllers such 
as neural networks and fuzzy logic have become one of the 
most favorable areas of research for controlling nonlinear 
systems [12]. In [18] a novel switching vector selector using 
the ANN (Artificial neural network) is trained under the tutor 
of the method mentioned above. By the usage of the ANN, 
when the error of the torque and stator flux is made certain, 
the output vector can be expediently acquired in [12,19] 
fuzzy-logic controllers are proposed for vector-controlled 
drives. The principle of the strategy is to replace the two-
hysteresis controllers and the selection table by these 
intelligent controllers.      

Later in [7],[20-22], the author’s presents a direct torque 
neuro-fuzzy control (DTCNF) is used for a DTC drive. The 
methods based on the combination of artificial neural 
networks and fuzzy systems take a remarkable place. The 
same system was implemented with excellent results; 
however additional calculations were needed to reach zero-
steady-state error [20]. 

The paper presents the, a novel direct torque neuro-fuzzy 
control (DTCNF) scheme based SVM-Three level Inverter-
Fed Induction Motor. This scheme uses a controller based on 
an adaptive NF inference system (ANFIS) to replace the 
switching table and the hysteresis comparators [21]. 

The ANFIS evaluate the voltage space vector (reference 
voltage) which is used by a space vector modulator (SVM) to 
generate the inverter switching states within a fixed time 
period [7], using torque error, stator flux error and the angle 
of stator flux [21,22]. Compared with conventional direct 
torque control (DTC), in this new technique, the ripples of 
both torque and flux are reduced remarkable, and switching 
frequency is maintained constant. Simulation results verify 
the validity of the proposed method.  

2. CONVENTIONAL DIRECT TORQUE CONTROL 

The block diagram of classical DTC is presented in Fig.1. 
The commanded electromagnetic torque Ce* is delivered 
from outer PI speed controller.  The reference values for the 
stator flux magnitude   ϕs* and the torque Ce*  are compared 
with the estimated values, the resulting error values are fed 
into a two-level and a three-level hysteresis block 
respectively [6-11].  

 

Fig.1 Basic direct torque control scheme 

The selection of the appropriate voltage vector is based on 
the switching table given in Table I. The input quantities are 
the stator flux position sector (N) and the digitized output 

variables ∆Ce and ∆ϕs,. Thus, the selection table generates 
pulses Sa,Sb,Sc to control the power switches in the inverter 
[6,22] 

The above considerations allow construction of the selection 
table as presented in Table. 1. 

Table1.  Switching table for conventional DTC 
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In the classical DTC method the plane is divided for the six 
sectors (Fig.2). 

 

 

 

 

 

 

 

Fig.2 Partition of the (α,β) plane into six sectors 

The stator flux is estimated by equations (2): 

dtIRV SS

t

SS )(
0
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With the voltage drop across the stator resistance neglected, 
the relation between the stator voltage space vector and the 
variation of stator flux can be established as [15,17,19]:  

ssS TVt ≈∆ )(ϕ                                                               (3) 

The equation (3) indicates that ϕs The stator flux variation is 
nearly proportional to voltage vector, as the sampling period 
is constant, and stator flux space vector will move fast if non-
zero switching vectors are applied [19], It is then possible to 
drive ϕs along any prefixed track curve. In steady state 
conditions, for sinusoidal waveforms, the stator flux vector 
has to describe a circular locus [6], shown in the figure.3. 
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Fig.3 An example for stator flux deviation 

The stator flux vector is in is in sector 1, the voltage vector 
V3 is used to increase both the torque and the flux linkage. 
V4 is used to decrease both the flux linkage and the torque. 
V2 is used to increase torque and reduced the amplitude of the 
flux linkage. V5 is used to reduce the torque and increase the 
flux linkage [17]. 

3. DIRECT TORQUE NEURO-FUZZY CONTROLLER 

The strategy of the direct torque neuro-fuzzy controller 
(DTNFC) is presented in Fig.4. The principle of the strategy 
is to replace the two-hysteresis controllers and the selection 
table by the adaptive NF inference system (ANFIS) controller 
based neuro-fuzzy structure, to generate a voltage space 
vector (reference voltage) which is used by a space vector 
modulator to generate the inverter switching states [7, 20-22]. 

The stator flux (eϕs) and torque (ece) errors are the controller 
inputs. The outputs of the regulator are the reference voltage 
phase (ϕVs) and amplitude (Vs) which are directly delivered 
to the voltage modulator. 

 

Fig.4. Schematic of DTC  Neuro-fuzzy control strategy. 

The circuit configuration for a 3-level inverter which is 
realized by connecting a dual two-level inverter two level 
inverters two voltage source inverters are commonly 
connected to a DC power source[25].  

3.1. Three Level Inverter 

The schematic a dual-inverter fed open-end winding 
induction motor drive, where INV1 and INV2 are 
conventional two-level inverters shown in Figure.5 This type 
of VSI has several advantages over the standard two-level 
VSI [7,23]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.5  The power circuit of dual two-level inverter[23,25] 

A three-level inverter structure is realized, when the open-end 
winding induction motor is fed by two two-level inverters 
with half the DC power supply E voltage compared to the dc-
link voltage of the conventional neutral point clamped three-
level inverter. The proposed scheme produces voltage space 
vector locations identical to those of a conventional three-
level inverter. Each inverter can produce its own voltage 
space phasor locations, resulting in a combined voltage space 
phasor locations and combinations as shown in Fig. 2 
[25,27]. 

 
Fig. 6. Voltage vectors for a three-level inverter 

They are the zero voltage vectors (V0V7V14) group, the low 
voltage vector (V1V2V3V4V5V6V8V9V10 V11V12V13) group, 
the intermediate voltage vector (V21V22V23V24V25V26)  group 
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and high voltage vector (V15V16V17V18V19V20) group, show in 
Fig6 [11,14,15]. 

3.2. Space Vector Modulation 

Space Vector Modulation (SVM) is one of the most widely 
utilized techniques to generate sinusoidal line-to-line voltages 
and currents with a three-phase inverter. Is base on the 
concept of approximating a rotating reference voltage vector 
Vref using a combination of two out of the eight possible 
vectors that can be generated from a three-phase inverter 
[19,26]. This process is illustrated in fig. 7. 
 

 

 

 

 

 

Fig. 7. Space vector diagram 

The magnitude of this vector is related to the magnitude of 
the output voltage and the time this vector takes to complete 
one revolution is the same as the fundamental time period of 
the output voltage [26]. 

 

Fig. 8. Commutation sequence for the inverter [9]. 

However the general idea is based on sequential switching of 
active and zero (V0 or V7) vectors [9]. Equating the volt-sec 
integral of reference vector Vref obtained from the controller 
with the inverter output voltage vectors over a single space 
vector modulation cycle gives [19,26]: 
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V0    does not affect the magnitude of the voltage since it is a 
null vector. Assuming that the vectors Vk or Vk+1 are 
constants and given that V0 is a null vector [26]: 
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Expressing (5) in the d-q reference plane and considering the 
region 0<γ<π/3, it follows that [26]. 
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The amplitude of the vector is depended on the duration 
times, which for discrete system with sampling time Ts, can 
be calculated by the equations. 
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In order to determine the duration of the pulses in the other 
regions, the reference vector is rotated -nπ/3 radians until its 
angle is equal to 0<γ<π/3 [26]. 

In dual two level inverter each inverter the required voltage 
space vector can be synthesized using two space vector 
modulation, the space vector modulation for Inverter L he is 
shifted by (30°) of SVM for inverter H [24]. The output 
voltage vector v is given by the contribution of the voltage 
vector vH and vL, generated by inverter H and inverter L, 
respectively [28].  

LH vvv +=                                                              (10) 

In order to synthesize an output vector v, the two inverters 
must generate the corresponding fraction of v by applying 
only their active (vk vk+1) vectors and null vector. Being vH 
and vL in phase, they lay in the came sector and can be 
synthesized using the same adjacent active vectors (vk vk+1) as 
shown in Fig.(9a and 9b) [28]. 
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Fig. 9b. Space vector diagram for inverter L 

3.3. Neuro-Fuzzy Controller 

The precisely example scheme of the adaptive NF inference 
system (ANFIS) is one of the proposed methods to combine 
fuzzy logic and artificial neural networks for decoupled flux 
and torque control. Fig10, shows the adaptive NF inference 
system structure [20].It is composed of five functional blocks 
(rule base, database, a decision making unit, a fuzzyfication 
interface and a defuzzyfication interface)[20].The structure 
proposed in [7,20-21] (Fig.10) contains five network layers: 

 

Fig. 10. Two-input NF controller structure 

Layer1: Every node in this layer contains membership 
functions. Usually, triangular or bell-shaped functions are 
chosen. 

Layer 2: This layer chooses the minimum value of two input 
weights. 
Layer 3: Every node of these layers calculates the weight 
which is normalized. 
Layer 4: This layer includes linear functions which are 
functions of the input signals. 
Layer 5: This layer sums all the incoming signals. 

Why in this case it uses two neuro-fuzzy controllers 
(DTNFC), One for Small hexagon and the other for the big 
hexagon. The structure of the DTNFC structure is presented 
in Fig.11. 

 
Fig. 11. Proposed Neuro-Fuzzy Controller scheme. 

In the first layer of the NF structure, sampled flux error (eϕs) 
and torque (ece), multiplied by respective weights wϕ and wce, 
are each mapped through three fuzzy logic membership 
functions. These functions are chosen to be triangular shaped.  

The second layer calculates the minimum of the input signals. 
The output values are normalised in the third layer, to satisfy 
the following relation [7,20]: 

∑
=

k
k

i
i w

w
O                                                                      (11) 

where iw  and iO , are the ith output signal of the second and 

third layer respectively. The iO  is considered to be the 
weight of both the increment angle and the amplitude of the 
desired reference voltage ith component [7,20], so that. 
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The output voltage space vector v  can be equivalently 
represented as the sum of the voltage space vectors generated 
by the two two level inverters. If and are the voltage space 
vectors generated by H and L, respectively, the resultant 
voltage space vector is given by [27] :  

LH vvv +=                                                                    (13)  

In the structure of DTNFC given by [20] the increment angle 
of each desired voltage component is chosen from a table 
independently of the weight iO  and is calculated from the 
following equations [20]: 
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Table 2. Increment angle Hγ∆  

 

 

 

 

 
Table 3. Increment angle Lγ∆  

 

 

 

 

4. SIMULATION RESULTS 

The induction machine used for the simulations has the 
following parameters: Pn�3kW,Rs�2.89Ω, Rr=2.39Ω, 
P�2,Ls�0.220H  Lr�0.225H, Lm�0.214H.  

To compare with conventional DTC and new control 
technique DTCNF_3L for IM are simulated. All Figs are the 
responses to step change speed command from [0 to105 to 
21] rad/sec.  
The results of simulation of C_DTC and DTCNF_3L are 
shown in Figs(12-21) respectively.  

 

 

In Figs 13 and 14, the number of voltage levels delivered by 
the two-level VSI is 5, while in the case of the three level 
VSI this number is increased to 9 voltage levels, achieving a 
more sinusoidal and motor-friendly waveform. 

From these results it can be seen that good tracking 
performances can still be achieved even at the speed (see 
Fig.14), and good torque responses for two methods, 
However in  DTCNF for dual two level VSI technique shown 
Fig.16b, the ripple of torque in steady state is reduced 
remarkably compared with C_DTC(Fig.16.a).  

In conventional DTC the effects of the two hysteresis 
controllers caused by any change in their band width are 
reflected in the dynamic behavior of the whole system. For 
instance where the rotor speed is decreasing stator current has 
more distortions (Fig.19a) became not sinusoidal, and the 
total harmonic distortion is increased (Fig.20a). 

In conventional DTC the effects of the two hysteresis 
controllers caused by any change in their band width are 
reflected in the dynamic behaviour of the whole system. For 
instance an increment in the flux hysteresis band width 
caused a variable switching Frequency see Fig.21a 
(Switching inverter given its not regularly state), However if 
high switching frequency is used, this will result in 
significantly increased switching losses (leading to reduced 
efficiency) and increased stress on the semiconductor devices 
of the inverter .  

This is why a constant value of switching frequency allows 
the system to get a better performance than that obtained in 
conventional DTC drive. 

In the DTCNF_3L, as shown Figs.(17.b and 18b), the stator 
flux has the fast response in transient state and in steady state 
its trajectory is more approximately circle than it of the 
conventional DTC (Figs17.a and 18a), as illustrated in 
Fig.19b, the current have less harmonic distortion and the 
total harmonic distortion is reduced in the 0.4859% (fig20b), 
consequently and the switching frequency is fixed to 5kHz, 
show Fig.21b (state of Switching inverter its regularly). 
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Fig. 13. Stator voltage in plan  (α,β). (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 

Fig. 14. Rotor speed.    (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 

Fig. 15. Error for rotor speed.    (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 
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Fig. 16. Electromagnetic torque.  (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 

Fig. 17. Stator flux space vector (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 

Fig. 18. Magnitude of Stator flux (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 
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Fig. 19. Stator current (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 

Fig. 20. Spectrum of stator current (a) Conventional DTC two level VSI;    (b) DTCNF for dual two level VSI 
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Fig.21. number of switching commutation  (a) Conventional DTC two level VSI;  (b) DTCNF for dual two level VSI 
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5. CONCLUSION 

In this paper, a new direct torque control strategy for 
induction machines has been proposed to achieve both 
constant switching-frequency regulation and reduced torque 
and stator flux ripple control.The simulation results verify 
that the application of an NF approach for direct torque 
control of a SVM for dual two level inverter fed induction 
motor improves the torque control characteristic without 
deteriorating the flux control capability, and show that the 
DTNFC for dual two level inverter scheme has the following 
features: 

• No flux droppings caused by sector flux changes and 
constant switching frequency 
• Torque and current harmonics are reduced; 
• No problems during low-speed operation. 
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