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      Abstract:  This paper proposes a PIDTC and Type-2 fuzzy 

based DTC with asynchronous drive having three level diode 

clamped MLI using the SVPWM technique. However, PIDTC of 

asynchronous motor drive with three level diode clamped 

multilevel inverter produces a poor dynamic performance during 

staring, speed reversal and load perturbation conditions. 

Moreover PIDTC has considerable THD present in the current 

and also more distortion present in flux and torque. The above 

problems can be overcome by using type-2 fuzzy controllers 

instated of PI controllers with logical rules. The simulated results 

of F2DTC shows the better transient performance, less THD in 

current and poor distortion in torque and flux as differentiate to 

PIDTC.  
Index Terms: Proportional integral direct toque control 

(PIDTC), Type-2 fuzzy direct torque control (F2DTC), Direct 

torque control (DTC), Space vector pulse width modulation 

(SVPWM), Three level diode clamped multilevel inverter 

(TDCMLI). 

I. INTRODUCTION 

  In recent years most of the industries are running with high 

efficiency and low production cost. This is possible when the 

increased power in electrical equipments and electrical m/c 

[1]. Generally, for the motion control to utilize the electrical 

drives. In modern days most of electrical power is taken by 

drives only. Basically the drives are classified into two 

categories. Those are DC drives and AC drives. Now in this 

universe ac drives are enhancing to very popular. Because 

asynchronous motor drives look like a rugged structure and 

good efficiency, so that asynchronous motor drive utilization 

goes on increasing [2].  

  Essentially two ways of speed control of asynchronous 

motor drives are available. Those are scalar speed control 
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approach and vector speed control approach. In case of scalar 

speed control, control the magnitude speed of voltage and 

frequency only. So that scalar control is used for steady state 

applications only but not in transient state. Hence scalar 

speed control approach is suitable for low speed operating 

conditions and but not used for long range of speed control. 

Sudden change in load and speed reversal conditions 

asynchronous motor parameters like torque and flux 

produces ripples. Those problems can be overcome by using 

vector speed control [3], [2].   Basically vector speed control 

approaches are classified into two ways. Those are field 

oriented control approach and conventional direct torque 

control. In case of field oriented control strategy controls the 

torque and flux of asynchronous motor indirectly. However 

this control strategy involves more number of 

transformations, so that cost of equipment is increased [4]. 

The above problems can be overcome by adopting 

conventional direct torque control strategy instated of FOC 

control strategy. CDTC with hysteresis control strategy give 

better performance of IM and less ripples present in flux and 

torque of IMD then the FOC. But, in the hysteresis control 

approach switching frequency gets continuously varying. 

However, to manufacture the filters in order to reduce the 

ripple content in the torque and flux of IM are very difficult. 

But to avoid the above drawback and gives enhancing 

analysis of IM, introduce the pulse with modulation 

techniques [5]. Using the SVPWM technique gives the more 

ripples in both torque and current, because it is valid till 0.78 

modulation indexes. So that in order to avoid above problem 

consider the combination of SVPWM inverter, BCSVPWM1 

and BCSVPWM2 with T2FC. Utilizing above combination 

gives better improvement in the dynamic performance and 

steady state performance of torque and current of IM. As 

compare to PI SVPWM and PI TPWM methods. Here 

DTC-SVPWM with fuzzy logic gives the good dynamic 

performance of IM [6-8].  

  Type-1 fuzzy logic controls are the 2D control with simple 

logical rules and it is used for small uncertainty. Whereas 

type-2 fuzzy logic controller are 3D control and it is used for 

large food uncertainty [9]. Generally, for the low voltage 

appliance use the two-level inverter coupled with IM, even 

not suitable for medium voltage appliance. Because there are 

some restrictions are present, those are high switching 
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frequency, more switching losses, and high current/voltage 

stress, so that cost of the equipment is hiked [10]. The above 

restrictions can be overcome by introducing the multi-level  

inverters instant of two-level inverter. Generally, here diode 

clamped multilevel inverter is consider in view of this work 

and remaining two methods has restrictions in its usage. 

Hence DTC-SVPWM with multilevel diode clamped inverter 

using type-2 fuzzy logic control produces the good 

performance of IM and also distortions present in the flux and 

torque of IM is consider as the negligible distortions as 

differentiate with F1DTC [11-14]. Now the overall 

performance of system and controllers are increased by 

utilizing multilevel inverter with DCT-SVPWM using type-2 

fuzzy logic control compare to conventional techniques [15].  

 

Fig. 1: Block Diagram of PIDTC of induction motor     

using TDCI 

II. MATHEMATICAL MODELING OF DIRECT 

TORQUE CONTROL 

Figure 1 represents the PIDTC of IM utilization 

TDCI.Estimate the rotor speed be compare through the 

reference speed via summation and that gives the error. 

Produce speed error is given to input of the SPIC, that 

reduces the error using the PI gain values. Simillarly estimate 

the torque, flux and stator resistance of IM. 

Expression for electromagnetic torque 

  (1) 

Where J=Inertia constant, B=friction coefficient, TL =Load 

torque 

Electrical speed is two times of mechanical speed is shown in 

equation (2) 

  (2) 

The estimated d-q axes stator flux is shown in equation (3) & 

(4) 

  (3) 

  (4) 

Here iqs along with ids are denotes stator currents, vqs as well 

as vds are denotes the stator voltages and Rs denotes stator 

resistance. 

Therefore estimated stator flux can be written as below 

equation (5) 

  (5) 

The estimated stator resistance is 

  (6) 

The stator voltage and current are given by (7) & (8) 

  (7) 

  (8) 

From the SPIC, reference electrical   toque is generated 

and estimated torque is given by 

  (9) 

The calculated angle from the TPIC as 

  (10) 

The reference flux is estimated as 

  (11) 

Change in stator flux linkage within d-q axes be given by 

  (12) 

  (13) 

The reference voltages in –  are calculated as 

  (14) 

  (15) 

The reference voltage can be represented in magnitude and 

angle format is given by 

  (16) 

Here  represents the angle between reference voltage vector 

as well as A-phase vector. Therefore after estimation of 

magnitude and angle then generation of SVPWM pulses 

straightforwardly. 

III. DESIGN OF SVPWM TECHNIQUE FOR TDCI 

The figure 2 shows a three level inverter. Here p, o 

and n represent the positive, neutral and negative 

respectively. And corresponding pole voltages can be 

measured per phase, by conducting either top two switches or 

middle two switches or lower two switches must be on. 

 

Fig. 2: Three level inverter 

  Therefore the respective per phase pole voltages (VAO, 

VBO, and VCO) are obtained as +0.5Vd, 0Vd, and -0.5Vd, 

when A, B and C phases are connected to p, o and n 

respectively. Generally a 3- , three level diode clamped 

inverter carry total 27 switching states and they are shown in 

figure 3, in those 24 switching vectors are active state vectors 

and remaining 3 switching vectors are zero state vectors. 

Non-zero vectors are classified into small voltage vector, 

medium voltage vectors,   and large voltage vectors are 

represented in figure x and corresponding magnitudes are 

0.33Vd, 0.5773Vd, and 0.667Vd.  
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Additionally active vectors are phase-displaced by 60o with 

respective their group of voltage vectors are shown in figure 

3. 

 

Fig. 3: Three level voltage vector representation 

 

Fig. 4: Pole voltage representation of SVPWM 

  In general, capacitors (C1 and C2) in the TDCI faces 

voltage-balance problem so that output voltage decreases, 

increased switching stress, exceeds capacitor tolerance limits 

and output voltage gets distorted there by THD increases. 

Those draw backs can be overcome by using SVPWM 

algorithm. In which, the appropriate switching vector is 

selected based on the reference vector position without using 

an extra controller. Fig. 3 shows the effect of capacitor 

voltages for different switching vectors involved at the 

sector1 region. In case zero- and large-voltage vectors are 

shown in Fig. 3(a) and (e) in which there is no current flows 

through neutral point, and hence, capacitors are balanced. 

Fig. 3(b) belong to p-type small voltage vectors, then the 

capacitor c1 and c2 are discharging and charging 

respectively, moreover average voltage across capacitors vc1 

and vc2 are will maintain constant such that there is no 

current flows through the neutral point. Similarly consider 

n-type small voltages are quite opposite to p-small voltage 

vectors. In case of medium-voltage vector direction of 

current flow current depends completely on load.  

  

(a) Zero voltage vector (ppp) (b) p-type small vector (poo) 

 

   (c) n-type small vector (onn) 

 
(d) Medium vectors (pon) (e) large vector (pnn) 

Fig. 5: Effect of capacitor voltages for corresponding 

switching states. 

  Understanding the construction of three level SVPWM 

inverter is difficult as differentiate with the two level inverter. 

As same as two level inverter, pole voltage of three level 

SVPWM inverter are easily estimated by using single 

switching transition from one state to next state. Using two 

levels SVPWM to generalize three level SVPWM inverter, 

and these three level voltages are representing into six 

sectors. But every sector subdivided into 4-sectors as show in 

above figure. The reference vector is present on sub sector 

region-4 then volts-second balance principle is applied.  

  (17) 

  (18) 

 (19) 

 (20) 

  (21) 

 

 

Fig. 6: BLOCK DIAGRAM FOR FUZZY-2 BASED 

DTC 

IV. PROPOSED TYPE 2 FUZZY LOGIC BASED DTC 

Generally artificial intelligence comes under the soft 

computer techniques, but artificial intelligence are majorly 

classified into fuzzy, ANN, and ANFIS etc. figure x 

represents the detail diagram of fuzzy-2 DTC. Here basically 

mamdani speed fuzzy-2 controller and mamdani torque 

fuzzy-2 DTC controllers are utilized.  
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The real values of speed lapse and difference in speed lapse 

are considered to be inputs of the speed fuzzy-2 controller, 

whereas real values of torque lapse and difference in torque 

lapse are considered to be inputs of torque fuzzy-2 controller. 

By using the above two controllers, generate required duty 

ratio pulses to TDCI [14]. Moreover utilizing of fuzzy-2 

based DTC are gradually increased, because of their good 

dynamic performance of drive, less overshoots and fast rise 

time. Additionally fuzzy with DTC is independent of 

switching time period, so that to improve the firing range of 

inverters. A FLC converts crisps variables into linguistic 

control variables and fuzzy rules are constructed with help of 

expert knowledge or experience database. Generally with 

help of previews data base, to construct the fuzzy logic rules. 

Here seven levels of memberships are taken in order to obtain 

required crisp value [15]. Therefore the notations of 

membership functions and its names PL (positive large), PM 

(positive medium), PS (positive small), ZE (zero), NS 

(negative small), NM (negative medium) and NL (negative 

large) are shown in figure 11. 

 In generally, the characteristic of fuzzy controllers as 

follows  

1) Input variables and output variables dependence of our 

requirement  

2) Conversion of real values to fuzzy values 

3) Inference engine  

4) Conversion of fuzzy values to real values using centroid 

method. 

The type-2 fuzzy set A  values view details in higher and 

lower membership functions 

),( upA
A

=
  

(22) 

Where ),( up
A

  is denotes the fuzzy-2 set values relating 

to real value position (p). In the fuzzification process real 

values are converted to fuzzy set values. And gathering of 

previews data is useful in field of developing membership 

functions of input. Therefore SPI controller produces
*

eT , and 

it is estimated as given below.  

+= dtteKteKT sisspse )()( ***
  (23) 

Here psK  denotes a proportional gain of speed fuzzy-2 

controller isK
 
denotes an integral gain of speed fuzzy-2 

controller and )(* tes  is an error of SPIC. Applying 

differentiation of above equation on either side, we get  

)(
)( *

**

teK
dt

tde
K

dt

dT
sis

s
ps

e +=   (24)

 
From above equation we can conclude differentiation of 

torque is directly proportional to speed error and change in 

speed error and they given by 

)()()( * KKKE rrs  −=   (25)  

)1()()( −−= KEKEKCE sss   (26) 

Where )(* Kr  and )(Kr are the orientation and real 

rotor speed, respectively. But here Es (k) denotes the instant 

speed error and Es (k−1) denotes the delay speed error 

respectively. While a difference of torque ΔT∗ e (k) be 

generated from the speed regulator is  

)()1( *** KTKTT eee +−=   (27) 

Where )1(* −KTe  is the instantaneous significance of the 

approximate torque value beginning the speed F2C (SF2C). 

 

Fig. 7: Internal structure of F1C and F2C 

 

Fig. 8: Fuzzy-1 and fuzzy-2 MFs.  Fuzzy set for F1C and 

F2C 

 

Fig. 9: Fuzzy-1 process 
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Fig. 10: Fuzzy-2 process 

  The output set analogous to every rule of the type-2 FLS be 

a type-2 set, the type drop combine each and every one these 

outputs in equivalent ways and subsequently perform 

centriod calculations taking place this type-2 set which lead 

towards type-1 set with the intention of we entitle the 

type-reduction set. Fuzzy-2 process has input and output MFs 

as shown above. Where the input membership functions are 

seven and output membership functions are also seven. 

Therefore they results the 49 possible rules. Those speed 

fuzzy-2 based rules are formulated in below tables. Similarly 

torque fuzzy-2 based rules are formulated. 

 

  

Fig. 11: Speed fuzzy-2 control: (a) error within Es(k); 

(b) change during error CEs(k); and (c) output torque. 

Torque fuzzy-2 control: (d) error within Et(k); (e) change 

during error CEt (k); and (f) output slip speed. 

TABLE I.  Rules for fuzzy-2 speed control 

 

The type-2 fuzzy set value of ith regulation is able to be 

approximate like  

),(
iii ffF =   (28) 

Where 
),(*),( uCEuEf sGsG

i
i

sCE
i

sE

=   (29) 

),(*),( uCEuEf sGsG

i
i

sCE
i

sE
=   (30) 

Where i

sEG
 and i

sCEG  are the results of lower along with 

upper membership functions. 

Expression for interval fuzzy-2 set is 

),(
cos rl TTT  =   (31) 

Where ),(
rl TT   are denotes the left moreover right ending 

points. 

Initially torque force is estimated as  

 
),(

iiii
ffFf =

 
Left end point can be formulated as 


==

==
M

i

i

l

M

i

i

l

i

llT fyfy
l

11

/][   (32) 

Right end point can be formulated as 


==

==
M

i

i

r

M

i

i

r

i

rrT fyfy
r

11

/][   (33) 

Starting calculate the right end point 
rT and assume 

i

ry is 

setup in ascending order  
M

rrr yyy ....21 
. 

 

 

 

Fig. 12: Flow diagram for computing the real value of 

torque 
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Rearrange the expression for 
rT can be estimated 

),..,,,..,,,..,( 111 M

rr

MRR

TT yyffff
rr

+

=    

        ][][
1111


+==+==

++=
M

Ri

i
R

i

i
M

Ri

i

r

i
R

i

i

r

i
ffyfyf  (34) 

The same procedure is followed for finding the left end 

point
lT . That can be express as  

),..,,,..,,,..,( 111 M

ll

MLL

TT yyffff
ll

+
=    

        ][][
1111


+==+==

++=
M

Li

i
L

i

i
M

Li

i

l

i
L

i

i

l

i

ffyfyf   (35) 

2

)(
rrec TTT  +=

  (36) 

2)(
slclslcrslc   +=   (37) 

The above processor is same for the torque fuzzy-2 

controller. Moreover input and output membership functions 

are also similar. 

TABLE II.  Rules for fuzzy-2 torque control 

 

TABLE III.  Duty ratios calculation at sector-1 region 

 

  The advantages of making rules for type-2 fuzzy logic 

controller are less overshot and fast rise time. Basically these 

rules are computed by relearned algorithm. Clearly observing 

the duty ratios of sector region-1 in the tabulation, duty ratios 

are independent of switching frequency. There by increasing 

the firing strength of inverter as differentiate to PIDTC.    

V. RESULTS AND DISCUSSION 

  The simulated results for PITDC is taken in MATLAB is 

shown in below using three level diode clamped SVPWM 

inverter with switching frequency of 5kHZ and made a time 

for sampling is 2 sec for 2hp asynchronous motor. At 

starting reference speed is taken as 500 rpm until 0.8sec. 

After 0.8sec speed is step changed from 500 rpm to 1450 rpm 

with capacitor voltage of 650 volts. The other simulated 

results are speed (Nr), current (iABC), torque (Te), flux and line 

to line voltage (VAB) are given away in fig 13.  

 

 

 

 

 

(i) 
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(ii) 

 

 

 

 

 

(iii) 

Fig. 13: PIDTC of IM with Three level Inverter at (i) 

Starting, (ii) Speed reversal, and  

(iii) Load perturbation. 
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(i) 

 

 

 

 

 

(ii) 
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(iii) 

Fig. 14: F2DTC of IM with Three level Inverter at (i) 

Starting, (ii) Speed reversal, and  

(iii) Load perturbation. 

  Moreover voltage as well as flux is similar from initial to 

end. At 0.19sec current, torque in addition to speed be settled. 

At 0.8sec speed goes to 500 rpm to 1450 rpm, in this time 

current, torque and flux gets distorted and they are settled at 

0.18sec. At 1.5sec speed is start decreasing until it reaches to 

0 rpm and after speed gets reverse direction. During that time 

magnitude of currents are high peaks. At 3sec again speed 

gets reversed, during that time currents and torque are also 

reversed. But flux and voltages are same from starting to 

ending. Load perturbation is applied at 4 N.m, 8 N.m and 

0N.m.During that time magnitudes of current are different 

such as 0.7 A, 1.5 A and 2.9 A respectively. Likewise 

observing the simulated waveforms of F2DTC of 

Asynchronous motor in dissimilar functioning situations 

such as initial, step transform, speed setback and stack 

perturbation are shown in fig 14. The F2DTC takes less time 

to reach final value as differentiate with PIDTC. Moreover by 

observing the torque and flux waveforms of F2DTC then 

concluded that those waveforms have negligible distortions 

presented as differentiate with PIDTC. At no load, THD’s of 

current for both PIDTC and F2DTC are 18.25% and 2.92% 

respectively. Hence considering all above parameters 

concluded that F2DTC of asynchronous motor gives 

improved performance than the PIDTC. 

 

 

Fig. 15: Stator Current THD of IM with PIDTC   

 

Fig. 16: Stator Current THD of IM with F2DTC  
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VI. CONCLUSION 

  In this paper comparison of simulated results for both 

PIDTC and F2DTC are taken in MATLAB with three level 

inverter of asynchronous motor drive using SVPWM 

technique. Moreover an appropriate voltage vector is selected 

using SVPWM technique; here to achieve unvarying voltage 

across the dc-link capacitors. In which F2DTC results less 

THD in current with differentiate to PIDTC. And also 3- level 

diode clamped multilevel inverter with F2DTC gives the 

good transient performance during stating, speed reversal and 

load perturbation. Moreover, F2DTC gives less distortion in 

torque as well as flux of asynchronous motor drive. The 

scope of the present theme is F2DTC with three level inverter 

of asynchronous motor. The comparison of F2DTC and 

ANFIS analysis will be do in further work. 
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