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Abstract:- This work proposes a comparative analysis 

between classical twelve sectors direct torque control 

(12_DTC) and a  new twelve sectors direct torque 

control (12_DTC_3L).This new strategy is using a 

neutral point piloted (NPP) three level inverter is  

compared to 12_DTC.Many simulation results are 

presented showing the two torques, flux and stator 

current distortions and harmonics. To conclude, a 

comparison between 12_DTC and 12_DTC_3L is given. 
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I. INTRODUCTION 
 

For the last two decades, DC motors were replaced by 

AC motors. Induction machines (IM) have been widely used 
in industry. Due to their highly coupled non-linear structure, 

a high performance control of IM is a challenging problem. 

FOC has been till now employed in high performance IM 

industrial application. However it depends on parameter 

identification to obtain similar advantages to DC motor 

performance [1][2][3].Nowadays, a new strategy has been 

created. DTC has various advantages, such as fast dynamic 

response and robustness [4-7], therefore,DTC has been 

widely used in industrial applications. Per contra, DTC 

presents more important torque ripple and higher total 

harmonics distortion.Many researches have been realized to 
improve conventional DTC. Enhanced DTC algorithms 

based on new modulation approaches have been achieved. 

DTC using duty-cycles [5-9] were given to reduce torque 

ripple. To have constant switching frequency, these 

algorithms use simple modulator [10]. Many other 

algorithm’s based methods have been developed to diminish 

torque and flux ripples while keeping the benefit of a fast 

dynamic response. For instance, direct torque and flux 

control (DTFC) [11][12], dead-beat control[13], predictive 

DTC [14][15] and space vector modulated SVM_ DTC[16], 

twelve sectors direct torque control still the best DTC 

method in almost the majority of all these types of method’s 
performances[17] .Using hardware’s based methods,DTC 

can also be improved using multilevel inverters. 
 

Multilevel inverters have made revolutionary changes 

in the utilization of power electronics in high voltage and 
high power applications [18]. The basic concept involves 

generating output AC waveforms from small voltage steps 

by using series connected capacitors or isolated DC sources 

[19]. The small voltage steps in the output voltage produce 

lower harmonic distortion, higher efficiency when compared 

with the conventional two level voltage source inverters [20] 

[21]. 
 

The 3L_NPC inverter is widely used in high power 

medium voltage applications [22] [23]. The major 

disadvantage of this topology is the unequal loss distribution 

among the switches; however it also generates unequal 

junction temperature distribution which confines the inverter 

maximum output power [24]. Moreover as the levels of the 

inverter increase the unequal switching of the semiconductor 

devices also increase and so the voltage unbalance between 

the DC link capacitors also increases As the neutral point is 
actively piloted, three levels neutral point piloted inverter 

(3L_NPP) (Figure.2) is an attractive topology which can 

overcome the unequal loss distribution problem of the 

3L_NPC inverter and improve the power ability [25-27]. In 

3L_NPP inverter topology two switches connected in series 

are added for the purpose of clamping instead of clamping 

diodes as in 3L_NPC. In order to improve the 12_DTC’s 

performances, in terms of reducing torque ripples, this work 

gives a comparative analysis between 12_DTC a 

12_DTC_3L, in terms of torque, flux and stator current 

performances based on simulation results. 
 

II. PRINCIPLE OF 12_ DTC 
 

Since M. Depenbrock and I. Takahashi proposed DTC 

for IM in the middle of 1980’s, more than decade has 

passed. It is getting more and more popular nowadays [28]. 

The instantaneous values of the stator flux and torque are 

calculated from the stator variable by using a closed loop 

estimator [29]. As shown in Fig. 1, stator flux and torque 

can be controlled directly and independently by properly 
selecting the inverter switching configuration. 
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Fig. 1: block diagram of the DTC control technique 

 

By using an  α-β stationary stator reference frame, the 

stator flux linkage  𝜓𝑠 and electromagnetic torque are 

calculating by using:    𝜓𝑠 = √𝜓𝛼𝑠
2 +𝜓𝛽𝑠

2
                (1) 

 

Where: 

    𝜓𝛼𝑠 = ∫
𝑡

0
(  𝑉𝛼𝑠 −𝑅𝑠  𝐼𝛼𝑠) 𝑑𝑡             (2)   

 

    𝜓𝛽𝑠 = ∫
𝑡

0
(  𝑉𝛽𝑠 −𝑅𝑠  𝐼𝛽𝑠) 𝑑𝑡                              (3) 

 

The angle 𝜃𝑠 is equal to:         

 

𝜃𝑠 =
    𝜓𝛽𝑠

    𝜓𝛼𝑠
)                                                          (4) 

 

𝑇 = 𝑝[  𝜓𝛼𝑠  𝐼𝛽𝑠 −  𝜓𝛽𝑠  𝐼𝛼𝑠]                                 (5) 
 

The error between the estimated torque and the 

reference torque T* is the input of a three level hysteresis 

comparator, whereas the error between the estimated stator 

flux magnitude 𝜓𝑠 and he reference stator flux magnitude 

 𝜓𝑠 ∗ is the input of a two level hysteresis comparator. 

 

Figs. 2 and 3 illustrate the torque and flux comparators, respectively. 

 

 

 

 

 

 

 

                    Fig. 2: Torque hysteresis comparator.                  Fig. 3:  Flux hysteresis comparator. 
 

The selection of the appropriate voltage vector is based 

on the switching table given in Tab.  1. The input quantities 

are the flux sector and the outputs of the two hysteresis 

comparators. 
 

To determine stator vector voltage to be applied, we 

begin by dividing the circular trajectory of the stator flux 

into six symmetrical sectors referred as the inverter voltage 

vectors [30]. 
 

 

 

 

 

 

 

 

 

 

 

 

Then, we study the effect of each stator voltage on the 

flux and torque. When the stator flux is in sector Si, the 

vectors 𝑉𝑖+1or 𝑉𝑖−1 are selected to increase its amplitude, 

and 𝑉𝑖+2or 𝑉𝑖−2 to decrease it. However 𝑉𝑖+1or 𝑉𝑖+2 increase 

the torque and 𝑉𝑖−1or 𝑉𝑖−2 decrease it. Fig. 4 shows the 

effect of those different choices in sector S1.     
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Outputs of hysteresis  

Comparators 

Sector 

1 2 3 4 5 6 
𝐶𝜓𝑠 𝐶𝑇𝑒 
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Fig. 4: Effect of different Vs choices on the torque and stator flux in sector S1. 

 

In C_DTC there are two states per sector i that present a torque ambiguity which are 𝑉𝑖 and𝑉𝑖+1. Therefore, they are never 

used. In a same way, in M_DTC there are two states per sector i that introduce flux ambiguity which are 𝑉𝑖+2and 𝑉𝑖+5, so they are 

never used either. If the stator flux locus is divided into twelve sectors [31] instead of just six, all six active states will be used per 

sector and the problem of ambiguity of both flux and torque will be solved. This new stator flux locus is introduced in Fig.5. 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Twelve sectors modified DTC(12_DTC).IT/DT/IF 

/DC/SIT/SDT: Increase Torque/ Decrease torque/Increase flux/ 

Decrease Flux/Small increase of Torque/Small decrease of torque. 
 

It’s clearly noticed in Tab. 4 that all the six vectors are 

used, disappearing all ambiguities. Switching table of the 

12_DTC becomes Tab.5. It is obvious that V1 will produce 

a large increase in flux and a small increase in torque in 

sector S12. On the contrary, V2 will increase the torque in a 

large proportion and the flux in a small one. It is reasonable 

to deduce that the torque error should be divided in the 

number of intervals that later on will be measured. 

Therefore, the hysteresis block should have four hysteresis 

level at is suggested in Tab.5. 
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Sector 
1 2 3 4 5 6 7 8 9 10 

1

1 

1

2 𝑪𝝍𝒔 𝑪𝑻𝒆 

1 

2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 𝑉6 𝑉1 𝑉1 𝑉2 

1 𝑉2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 
𝑉6 

 
𝑉6 𝑉1 𝑉1 

-1 𝑉1 𝑉1 𝑉2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 𝑉6 

-2 𝑉6 𝑉1 𝑉1 𝑉2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 

0 

2 𝑉3 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 𝑉6 𝑉1 𝑉1 𝑉2 𝑉2 𝑉3 

1 𝑉4 𝑉4 𝑉5 𝑉5 𝑉6 𝑉6 𝑉1 𝑉1 𝑉2 
𝑉2
* 

𝑉3 𝑉3 

-1 𝑉7 𝑉5 𝑉0 𝑉6 𝑉7 𝑉1 𝑉0 𝑉2 𝑉7 𝑉3 𝑉0 𝑉4 

-2 𝑉5 𝑉6 𝑉6 𝑉1 𝑉1 𝑉2 𝑉2 𝑉3 𝑉3 𝑉4 𝑉4 𝑉5 

Table 2: Switching table of the 12_DTC 
 

III. PRINCIPLE OF THREE LEVEL NPP INVERTER 
 

The  structure of the 3L_NPP inverter is shown in figure 7 below. 
 

 
Fig. 7:Structure of the 3L_NPP 

 

The output voltage can be given as : [31] 
 

𝑉 =
2

3
(𝑉𝑎𝑜 + 𝑘. 𝑉𝑏𝑜 + 𝑘2𝑉𝑐𝑜)     (1) 

 

Where,𝑉𝑎𝑜 , 𝑉𝑏𝑜 and 𝑉𝑐𝑜are the voltages generated by the converter and k=.𝑒𝑗2𝜋/3The inverter phase terminal voltage is 

shown: 
 

𝑉𝑥𝑜 = 𝑆𝑥 .
𝑉𝑑𝑐

2
                                (2) 

 

where x = {a, b, c} .The Sx is the switching state of the 

phase x, i.e., P state, Sx = 1, where the inverter output 

terminal is connected to the positive rail of the dc-link; O 

state, Sx = 0, where the inverter output terminal is connected 

to the NP of the dc-link; and N state, Sx = –1, where the 

inverter output terminal is connected to the negative rail of 

the dc-link. All the space voltage vectors are shown in Fig.8 

that a 3L_NPP inverter can generate. [32] 
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Fig. 8: vectors tension generated by Tree level inverter 

 

Table II is the switching table of a conventional 12_DTC_3L [32] to determine the proper voltage vector. 

  

Sector 
1 2 3 4 5 6 7 8 9 10 11 12 

𝑪𝝍𝒔 𝑪𝑻𝒆 

1 

2 𝑉2 𝑉8 𝑉3 𝑉9 𝑉4 𝑉10 𝑉5 𝑉11 𝑉6 𝑉12 𝑉1 𝑉7 

1 𝑉14 𝑉14 𝑉15 𝑉15 𝑉16 𝑉16 𝑉17 𝑉17 𝑉18 𝑉18 𝑉13 139 

-1 𝑉18 𝑉18 𝑉13 𝑉13 𝑉14 𝑉14 𝑉15 𝑉15 𝑉16 𝑉16 𝑉17 𝑉17 

-2 𝑉8 𝑉6 𝑉9 𝑉1 𝑉10 𝑉2 𝑉11 𝑉3 𝑉12 𝑉4 𝑉7 𝑉5 

0 

2 𝑉11 𝑉3 𝑉12 𝑉4 𝑉7 𝑉5 𝑉8 𝑉6 𝑉9 𝑉1 𝑉10 𝑉2 

1 𝑉15 𝑉15 𝑉16 𝑉16 𝑉17 𝑉17 𝑉18 𝑉18 𝑉13 𝑉13 𝑉14 𝑉14 

-1 𝑉17 𝑉17 𝑉18 𝑉18 𝑉13 𝑉13 𝑉14 𝑉14 𝑉15 𝑉15 𝑉16 𝑉16 

-2 𝑉5 𝑉11 𝑉6 𝑉12 𝑉1 𝑉
7
 𝑉

2
 𝑉

8
 𝑉

3
 𝑉

9
 𝑉

4
 𝑉

10
 

Table 3: Switching table of the 12_DTC_3L 
 

IV. SIMULATION RESULTS AND DISCUSSION 
 

This section is aimed to give a contribution for a 
comparison between direct torque control methodologies 

(12_DTC and 12_DTC_3L).  
 

The simulation has been carried out by using 

MATLAB SIMULINK on a 1.5KW induction machine. 
Fig.9 presents the two DTC commands: 12_DTC and 

12_DTC_3L in terms of Torque, flux and current 

performances. Fig.5-a shows the two responses to a step 

change command from 0 N.m to 10 N.m at 0.0 s, the 

comparison between the two methods shows clearly that 

12_DTC_3L reduce remarkably torque ripples compared 

with  12_DTC, but both of the methods gives a good torque 

dynamic responses. Fig.5-b shows the two flux responses to 

a flux reference equal to 1 Wb, in term of flux dynamic 

response, 12_DTC_3L give a very good performance 

comparing with 12_DTC , that means, trajectory of stator 

flux established more quickly than  that of  12_DTC (Fig.5-

c). In term of steady state stator current distortions, the 

better performance is given by 12_DTC_3L by reducing the 

THD till 5.90%. Tab.4 gives a comparative analysis between 
12_DTC and 12_DTC_3L in terms of different 

performances studied before. 
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DTC control 
12_DTC 12_DTC_3L 

Performances 

Torque Dynamic response  
Fast 

(8 ms) 

Fast                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

(8 ms) 

Torque in steady state ripples Less ripples 

Flux in steady state More ripples Less ripples 

Stator current in steady state 
Distortions 

(TDH=6.65%) 

Less distortions 

(TDH=5.90%) 

Switching frequency Important ( six ssitches) Less important ( twelve switches) 

Table 4: Switching table of the 12_DTC_3L a comparative analysis between 12_DTC,  and 12_DTC_3L in terms of different 

performances 
 

V. CONCLUSION 
 

In this paper, investigation and comparative study of 

12_DTC_3L based on NPP inverter. Conventional 12_DT 

have been compared with 128DTC83L, this strategy 

presents excellent performances in term of reducing torque 

ripples, fast flux dynamic response and reducing stator 

current distortions compared to 12_DTC. 
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Fig. 9: Comparison between:  12_DTC  and  12_DTC_3L 

 in term of (a) torque, (b) flux performances in steady state and transient conditions,(c) stator flux circle 

and(d) THD  
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