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 Direct torque control "DTC" technique is one of a high performance control 

system of an AC motor drive, which was proposed after the vector oriented 
control scheme during the resent 25 years. It has been developed rapidly for 
its concise system scheme, transient and dynamic performance. The DTC 
mechanism consists of voltage vector selection table, two hysteresis 
comparators and two estimator’s one for stator flux and another for 
electromagnetic torque. DTC is directly control torque and flux by using 
Voltage Source Inverter VSI, space vector and stator flux orientation and 
indirect speed regulated. A several control techniques can be used for 

improving the torque and flux performance. In this paper, the DTC with 
Proportional-Integral-Derivative (PID) controller used to improve the starting 
and dynamic performance of asynchronous motor AM, which gives good 
torque and flux response, best speed control and also minimize  
the unacceptable torque ripple. The mathematical model of DTC with PID 
controller of 3-phase induction motor IM are simulated under Matlab-
Simulink. Therefore, the DTC based on PID controller has good performance 
of IM compared to classical DTC for starting, running state and also during 

change in load. 
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1. INTRODUCTION  
Asynchronous motors are widely used for industrial purposes due to many advantages such as more 

reliability, low cost, simple in construction, high efficiency, ruggedness and low maintenance compared with 

other drives [1, 2]. According to more industrial applications of IMD, this demands a modern control to get 

better performance characteristic at starting and steady-state conditions. This control can be achieved by 

applying a several new techniques [3].  

DTC is one of these control techniques can be gives a high performance in application. Takahashi 

and Noguchi were provided “Direct torque control” DTC for improving starting and dynamic performance of 

the machine [4, 5]. The DTC strategy using the hysteresis comparator based on voltage switching state can be 

easy implementation and simple structure. The DTC performance depends on the error between  

the references values and measured actual values of stator flux and electromagnetic torque to get more 

acceptable response for flux and torque [6, 7]. But the problem which appear when applied classical DTC to 
induction motor is high ripple in electromagnetic torque due to produce a harmonic [8]. 

In this paper the modeling of 3-phase induction motor drive, voltage source inverter, switching state 

vector and Direct Torque Control DTC concept are discussed. The transient and steady state performances of 

induction motor are analyzed by using classical DTC and DTC with PID controller. These method controls 

are simulated using Computer Simulink. Also the results have been compared [9]. Therefore, the results show 
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that the DTC with PID controller has many merits simple realization, fast speed control, best starting and 

running characteristics over the classical DTC. All results are getting by using Matlab simulation [10].  

 

 

2. MATHEMATICAL MODEL OF A 3-PHASE INDUCTION MOTOR DRIVE  

A model of three phase induction motor drive can be obtained when it is acts under normal and 

dynamic condition. Therefore, the variables quantities of IMD such as stator and rotor current, stator and 

rotor voltage, stator and rotor flux, and electromagnetism torque can be determined from this model [11, 12]. 
The description model of a 3-phase IMD can be represented by differential equations when the main three 

phase stator and rotor quantities such as current, voltage, and flux are transform to stationary frame or two 

axis theory frame “d-q axis” by axis transformation. A 3-phase IMD model implemented based on  

the stationary reference frame [13, 14]. The per phase equivalent circuit of 3-phase IMD in d-q axis is shown 

in the Figure 1, which used for implementing this model and the equations of stator and rotor quantities 

written as equations. 
 

 

 
 

Figure 1. Per phase equivalent circuit of 3-phase induction motor 
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The equations of quantities; voltage, current and flux in d-q axis for the rotor side 
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The development torque of IM in terms of mutual flux and rotor current in d-q component can be 

expressed as: 
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The development torque of IM in terms of stator flux and stator current in d-q component can be 

expressed as: 

 

Td = (
3

2
) (

P

2
) ψs. Is = (

3

2
) (

P

2
) (ψds. iqs − ψqs. ids) (8) 

 

Where vqs, vds: stator voltages in quadrature and direct axes; vqr, vdr: rotor voltages in quadrature and direct 

axes; Rs, Rr: stator and rotor resistance; iqs, ids: stator currents in quadrature and direct axes; iqr, idr: rotor 

currents in quadrature and direct axes; ψqs, ψds: stator flux in quadrature and direct axes. ψqr, ψdr: rotor flux 

in quadrature and direct axes; Td: development torque. 

 

 

3. VOLTAGE SOURCE INVERTER AND SWITCHING STATE VECTOR  

A practical circuit of a three phase three leg output voltage source inverter (VSI) consists of three 

phase input, three phase rectifier, LC filter, power bridge and three phase output as shown in Figure 2. 

Each leg of power bridge contains two switches and two diodes. [15, 16].This inverter has (23 = 8) possible 

switching states. Leg (a) is connected between switch k1 and switch k2 and denoted by Sa, but leg (b) is 

connected between switch k3 and k4 is represented by symbol Sb, also leg (c) between k5 and k6 is 

characterized by Sc. The switching states have (1 and 0) binary values, the one value represent the switch is 

ON and 0 value switch is OFF, therefore, k2 = 1 − k1. Since, Sa = 0 if switch k1 is OFF and switch k2 is 

ON, Sa = 1 if switch k1 is ON and switch k2 is OFF, this equation is apply to Sb and Sc. The switching 

states of the three-phase inverter can be shown in Figure 3 [17, 18]. 

 

 

 
 

Figure 2. Voltage source inverter VSI 
 

 

 
 

Figure 3. The switching states 
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The relation between the switching state vector and the line-to-line output voltage vector and 

the phase voltage are given by the following equations: 
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Where, 𝑉𝑑𝑐  is the D.C supply of the inverter bridge. By applying the eight states of [Sa, Sb, Sc]T in (9) and 

(10) gives the line-to-line and line-to-neutral voltages space vectors shown in Table 1. 

 

 

Table 1. Line and phase voltages of the eight states vectors 
State No. Sa Sb Sc Van Vbn Vcn Vab Vbc Vca Space voltage vector 

0 0 0 0 0 0 0 0 0 0 V0(000) 

1 1 0 0 2Vd/3 -Vd/3 -Vd/3 Vd 0 -Vd V1(100) 

2 1 1 0 Vd/3 Vd/3 -2Vd/3 0 Vd -Vd V2(110) 

3 0 1 0 -Vd/3 2Vd/3 -Vd/3 -Vd Vd 0 V3(010) 

4 0 1 1 -2Vd/3 Vd/3 Vd/3 -Vd 0 Vd V4(011) 

5 0 0 1 -Vd/3 -Vd/3 2Vd/3 0 -Vd Vd V5(001) 

6 1 0 1 Vd/3 -2Vd/3 Vd/3 Vd -Vd 0 V6(101) 

7 1 1 1 0 0 0 0 0 0 V7(111) 

 

 

3.1.  Space vector representation 

The voltage space vector can be optained in real and imajinary parts as in Figure 4. A three-phase 

variables can be transform to two axis stationary or rotary frames, as quadrature and direct axes (d-q axis) 
which are a complex axis frame, a quadrature axis represents real axis and direct axis is imaginary axis. 

The axis transformation can be obtained by the following formula: 
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The resultant voltage space vector is given by: 
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Figure 4. Voltage space vectors of three phase VSI 
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4. DIRECT TORQUE CONTROL TECHNIQUE 

Direct torque control DTC was displayed by Takahashi and Toshihiko Noguchi since twenty five 

years ago. This technique is used to control the speed of 3-phase AC motor drives due to control the torque 

and stator flux of the machine. the DTC can be achieved by computing flux and torque of an electric motor 

according to only stator quantities measurable such as stator voltage and stator current of the AC motor drive. 

Traditional direct torque control contains two hysteresis comparators, the first hysteresis comparator  

for computing stator flux error and the second hysteresis comparator to estimate torque error [19, 20].  

The scheme diagram of the DTC technique is constructed as in Figure 5. 

The principle operation of DTC based on voltage source inverter with eight stator voltage vectors, 

six of them is not zero vector state and the two remained is zero vectors so as to maintain the stator flux and 
electromagnetic torque into desired value of a hysteresis band. The reference of voltage space vector is 

determined by switching table [21]. The controller in DTC is used two signals as a feedback one of them for 

developed torque and the second for stator flux in order to measure the torque and flux error by comparative 

the references value with the feedback signal. The hysteresis comparator of stator flux error has two standard 

levels (one and zero). The 1 state means that the stator flux is low and zero value for another condition.  

Also hysteresis comparator for torque error is represented by three standard levels (1, zero, -1). The 1 state  

is illustrate that the torque is dawn, zero value gives that the torque in acceptable rang and -1 for high  

value [22, 23].  
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Figure 5. The block diagram of DTC control technique 
 
 

5.  PID CONTROLLER [24] 

Proportional-Integral-Derivative, PID, controller is broadly utilized in modern control framework. 

PID controller has all the essential elements: fast response on change of the controller input, increment in 

control flag to lead mistake towards zero and reasonable activity inside control blunder region to take out 
motions. Subordinate mode improve soundness of the model system and empowers increment in gain Kp, 

which builds speed of the controller reaction. The yield of PID controller comprises of three terms  

the mistake flag, the blunder vital and the mistake subsidiary. The blunder flag is registered by (13). Figure 6 

demonstrates the square graph of PID controller [25]. The change capacity of PID controller is employed as: 

 
U(s)
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Ki

S
+ KS (13) 

 
Where Kp, Kd and ki are proportional, derivative, integral gains respectively and U(s) is the yield control 

refer to Te torque reference in control drive. 
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Figure 6. PID controller block diagram 
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6.  SIMULATION RESULTS 

In this paper, the proposed algorithm of DTC of an IMD is investigated by using simulation in 

software program. In this work a several tests perform on the system so as to examination the performance 

characteristic of the proposed classical DTC system and DTC with PID controller. Note that at time of load 

change the torque and speed are not response smoothly with traditional DTC, but get better response when 

using PID controller in addition to the ripple in the torque is minimized. The response of the stator current is 

shown in Figure 7, therefor the IMD system will produce the magnetic flux as in Figure 8, and hence 

the rotor speed and electromagnetisms torque response of classical DTC at no load and different load 
disturbance is shown in Figure 9. 

The speed and torque response of DTC based on PID controller is illustrated in Figures 10.  

The results show that the fulfillment DTC with PID controller is better than the classical DTC when load 

torque is applied and removed. The torque ripple in the traditional DTC is 1.3 which the difference between 

the references torque and the maximum or minimum ripple as in Figure 11 while it is reduced to (0.3) when 

used PID controller as in Figure 12. The system minimizes the overshoot, reduced settling time, minimize 

torque ripple, Also the starting performance characteristic of the system is improved clearly, speed is 

regulated but its reduced something when increase in load.  

 

 

 
 

Figure 7. Stator current response 

 

 

 
 

Figure 8. Stator flux 
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Figure 9. Response of speed and torque in classical DTC 

 

 

 
 

Figure 10. Response of speed and torque in DTC with PID controller 

 
 

 
 

Figure 11. Torque ripple in classical DTC 
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Figure 12. Torque ripple in DTC with PID controller 

 

 

7.  CONCLUSION 
In this paper a PID controller was used to get better performance characteristic of DTC for 3-phase 

IMD. The performance of DTC with PID controller is analysis at deferent load conditions and compared with 

the classical DTC performance. The system shows that the DTC based on PID controller has better output 

performance over traditional DTC. 
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