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 In the industrial application, the induction motors (IMs) and the digital signal 

processing (ZQ28335) combination are very important in the scientific field. 

Two thirds of consumption of electricity is due to motor driven equipment. 

The direct torque control (DTC) is the standard of the industry and it has fast 

response control system applications. The drawback of DTC is the flux and 

torque ripples in the measurements. The scalar control can be considered as a 

solution to this drawback but with poor response. Torque and speed of IM 

are controlling individually, the variable speed drive (VSDs) is used. This 

occurs with variation of the voltage and frequency of IM supply. To decrease 

the levels of flux and torque ripples, 3-level inverters represent an attractive 

technique. The compromise of a huge flux and torque at the beginning level 

and low values at steady state of operation is crucial to ensure better stability 

with feedback linearization of the nonlinear behavior. In this paper, VSD 

with DTC IM with multilevel inverter with the newest version of ZQ28335 

digital signal processor (DSP) is proposed. Emulation and the results of 

experiment through DSP ZQ28335 make certain correct dynamic response to 

the operations of torque and flux. 
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1. INTRODUCTION 

A new development in industry has occurred in many aspects, such as a smart actuator. It can be 

defined as the merged acuter of all elements, for example, sensors, motor, controller and connection unit. 

Artificial intelligence is the workhorse of operation for the present and future research. In the past, direct 

current (DC) motors have been used in top execution of applications in variable speed drive (VSD) technique 

where fast torque is necessary [1]. They are considered as a main workhorse in the industry with freelance 

control of flux and torque in the motor. In direct torque control (DTC), the flux and torque ripples in the 

measurements should be avoided precisely to get sufficient functioning of induction motors (IM). 

The maintenance of DC motor, sparking, difficulty in commutation at high current and voltage are 

confined to low power and low speeds, which are the main disadvantages [2]. During the last forty years, 

advances in computer control have contributed to improving the life of human beings with the connections 

and systems of control accompanied by the power semiconductor electronics. The future advances lead to 

near technologies inspiration. One of the major system sharing this cleverness is VSD along with the 

previous technologies [3]. Nowadays, VSDs play a significant function in missiles, medical applications, 

https://creativecommons.org/licenses/by-sa/4.0/
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station of water pump, tolerant control systems of filters and spilt, computer connection, programmable 

system controllers (PLCs), power electronics rectifier’s inverters and system of supervisory control and data 

acquisition (SCADA). They are commonly employed with medium voltage (MV) induction motors (Ims), 

direct controls for wind turbine with PMSG used on the real wind profile introduced by [4]. 

The TMS320F28335 digital signal processor (DSP) is a 32-bit floating-point digital signal controller. It 

improves system flexibility, accuracy, control performance, and performs more complex operations, saves code 

execution time, improves the system's response speed, and provides advantages for any control algorithm [5]. The 

main equipment is the inverter, which controls the speed by the frequent change in the circuit of IM.  

The VSDs advantages include low energy consumption, better capacity, and highly precision control [6]. 

As mentioned earlier, the torque ripple is the drawback of DTC and requires observation in the layout of 

control system. It is controlled during the mistakes of multi-band status selection (ESS) procedure for the 

torque hysteresis controller in [7] with variable switching frequency [8]. A neural network with sensorless 

five level DTC control using extended Kalman filter (EKF) is designed by [9]. Wavelet based three level 

inverter voltage source inverter-fed induction motor (VSIM) is explained in [10].  

The basic difficulties found in the system of speed control in the low power IM by 2-stage voltage 

source inverter are switching and dielectric losses. A 3-level converter, with a fewer switching devices 

compared with the conventional 3-level inverters in the speed control of IMs is explained in [11]. A VSD 

with an active converter in a new patent, which is similar to this paper, is introduced in [12]. DTC applied to 

IM fed by 2-level voltage inverters and 3- level voltage inverters is presented in [13]. A new trend of the 

actuator and sensors can be integrated in many fields, such as irrigation, as shown in Figure 1 [14]. The 

control strategy of the smart actuator (SA) [15] is presented in Figure 2. 

 

 

 
 

Figure 1. Integrated actuator and sensor components 

 

 

 
 

Figure 2. Control strategy used by smart actuator (VSD) 
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Nowadays and in future, the technology of computer is described as the SA core utilized in 

manufacturing evolution as a new method of control system. The actuators offer flexibility, cost efficiency, 

and intelligence. 

 

 

2. INDUCTION MOTOR MODEL 

The IM state space is expressed in (1): 

 

𝑋 . = 𝐴 ∗ [
𝑖𝑠𝑑𝑖𝑠𝑞
𝜓𝑠𝑑𝜓𝑠𝑞

] + 𝐵 ∗ [
𝑣𝑠𝑑

𝑣𝑠𝑞
] 

𝐼𝑠 = 𝐶 ∗ [
𝑖𝑠𝑑𝑖𝑠𝑞
𝜓𝑠𝑑𝜓𝑠𝑞

] + 𝐷 ∗ [
𝑣𝑠𝑑

𝑣𝑠𝑞
] (1) 

 

x∈ Rn refers to the state vector; Is ∈ Rm denotes the output vector; vs∈ Rr represents the known input vector [16]; 

A, B, C, D refer to the matrices of IM state space consistent with the system presented in [17]. The system 

matrix A is formed as in (2): 

 

𝐴 =

[
 
 
 
 

1

𝜎 [
1
𝜏𝑠

+ (1 − 𝜎)𝜏𝑟] 𝐼

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟[(1/𝜏𝑟)𝐼 − 𝜔𝑜𝑗)]

𝐿𝑚

𝜏𝑠
𝐼 −

1

𝜏𝑟
𝐼 + 𝜔𝑜𝑗 ]

 
 
 
 

 

𝐵 = [
1

𝜎𝐿𝑠
𝐼

0
] , 𝐶 = [10], 𝐷 = 0  (2) 

 

where τr is rotor time constant; σ refers to the total leakage factor; τs indicates stator time constant; Lr is rotor 

inductance; Lm represents the magnetizing inductance; and Ls denotes stator inductance. The dynamics of 

the implementation of IM are presented in Figure 3.  

 

 

 
 

Figure 3. Dynamics fuction of the motor 

 

 

In the work, the computation of rotor angle (ϴm) is based on forward Euler (FE) integrator (explicit 

Euler) as one step integrator (β=0) in the general form of the linear multistep method (LMS) to ensure better 

decrease of the error of steady state and the stability [18].  

The LMS equation is shown in (3). 

 

𝑦𝑛+1 = 𝑦𝑛 + ℎ[𝛽𝑦 .
𝑛+1

+ (1 − 𝛽)𝑦.] (3) 

 

The criterion for the stability is that the amplification factor (z) does not exceed unity (4): 

 

|𝑧 | = |
1+(1−𝛽)𝑢

1−𝛽𝑢
| ≤ 1` (4) 

 

h, λ are the step size and Eigen value, respectively. The (4) is verified for all (h≥0) to ensure better stability 

of the system. 

 

 

3. SPEED CONTROLLER  

IM is considered as a constant speed machine; however, it is easy to change the DC motor speed 

without decreasing the IM operation activity [19]. The literature consists of many methods for the IM speed 
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control including rotor side control when employing cascade and rheostat control. The input voltage, 

frequency, stator poles and the volt/ frequency control are changed to control the stator side.  

The speed control utilizes PI observer and is against finish limiter, flux controller to monitor the flux in 

the operation extent. First arrangement low pass filter is employed to remove the IM output speed. Figure 2 

presents matching adaptable model of motor with controller of speed. The flux is recognized as a speed 

controller output. For scaling the operation of speed considered as the input to the controller of DTC, the 

torque sensing is utilized as a second input to the controller of DTC. This method enhances the empirical 

process and is regarded as a kind of the sample fatal control [19]. The (5) presents the complete speed matrix 

(w) in all references frames of IM operation: 

 

[𝜔] = [

0𝜔00
−𝜔000
000𝜔 − 𝜔𝑟
00𝜔 − 𝜔𝑟0

] (5) 

 

where ꞷr, ꞷ are the rotor speed and speed of the reference frame, respectively. 

 

 

4. DTC CONTROLLER  

Over 60% of all energy conversion is executed by the rectification, inversion and smoothing in 

combination with the operation of IM [20]. Takahashi and Depenbrock first developed DTC as an infective 

to scope-oriented control. In DTC, an inverter with voltage source supplies the IM drive, it may control 

promptly the stator flux linkage (or the rotor flux or the magnetizing flux) and the electromagnetic torque 

through selecting an optimum inverter voltage vector. 

Vector of the voltage source inverter is selected for restricting the mistake of torque and flux within 

their competent flux and torque hysteresis taps. In addition to obtain the fastest reply of torque and highest 

efficiency at each spot. DTC shows rapid torque reaction in the operation of transient and decrease of the 

harmonic losses and acoustic noise in steady state area. In DTC, modulator and a tachometer or position 

encoder are not required to estimate the speed or placement spear. The main advantages of the DTC 

controller are manifested in [21]. Figure 4 clarifies the DTC control system implementation. 
 

 

 
 

Figure 4. DTC control system implementation 

 

 

The electromagnetic torque can be found as in (6): 

 

dsqsqsdse IIT  +=  (6) 

 

where Φds refers to the stator flux in the d-axis, and Φqs represents the stator flux in the q-axis. Among the 

most significant advantages of flux is the superfast effectiveness of the DTC controller of IM [22], [23], 

which will be very full on the switching indicative. In addition, speed estimators and sensors of flux, 

reducing the value and eliminating the need for regular maintenance represent advantages of DTC. It does 

not demand any match conversion, which would gain the computational schemes. Comparators of motor 

torque and flux hysteresis compare the real value with the reference value of torque and flux. The comparison 

between volt to frequency (v/f), DTC and field oriented control (FOC) can be illustrated in Table 1 for many 

parameters of operation. 
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Table 1. V/f, DTC and FOC comparison 

Parameters 
Controllers types 

v/f DTC FOC 

Torque reaction Fair  Excellent  Good 

Robustness Low  Good  Good 

PWM for closed loop control Not  Needed  Needed 

Construction Simple  Simple Not simple 

Control of speed Not  Good  Good 

Steady state performance Low Low  Good Excellent 

 

 

5. INVERTER 

In the industry, the 3-ф inverters have a big notice [24]. The application 3-stage is performed in a 

chirred with insulated gate bipolar transistor (IGBT), resistor-capacitor (RC) snubber circuits in group and 

linked equally to each tool. Inverter controllers have two types: current control and voltage control source, as 

shown in Figure 5. This paper uses the current control source. Obtaining the mistake is achieved by 

comparing the currents of charge with those of reference to function as inputs to the sine pulse width 

modulation (SPWM) circuit to decrease the mistake.  

There are two techniques of control used: hysteresis and proportional integral (PI) [25]. To improve 

the wrong compensation, the side of DC is collected from sources of: 1) current, 2) controlled current linked 

with static load, and 3) controlled voltage obtained because of its rapid dynamic response [26]. The 

traditional algorithm of DTC relies on the immediate values and is directly computed using the digital control 

signals for the inverter [27]. The current source of DC is computed using the (7) [28]: 

 

𝐼𝑑𝑐 = (𝑃𝑎𝑐 + 𝑃𝑙𝑜𝑠𝑠)/𝑉𝑑𝑐 (7) 

 

where Pac refers to the instantaneous power; Ploss is the losses of power devices, Vdc represents the voltage of 

DC bus. 

 

 

 
 

Figure 5. Internal structure of controlled current inverter  

 

 

Consistent with the pulses values (1 or 0), outputs of voltage source (Vin or 0) are presented in 

Figure 6. A saturation revelation prevents executing this detected use in the Matlab/Simulink in the results of 

simulation [29], [30]. In real time applications, it is preferred to control a power converter using a DSP for 

the verification of SPWM control strategy. The block diagram of such a configuration is illustrated in  

Figure 7. 

The family of C2000 includes the instruments required for the computation power to perform 

algorithms of complex control, such as digital motor control (DMC) [31], analog to digital converter (ADC), 

enhanced pulse width modulator (ePWM), and quadrature encoder pulse (QEP). IGBT control references are 

gained ship a DSP card, based on a processor dedicated to signal processing the TMS320F335 from Texas 

Instruments, which is controlled by computer. The F28335 DSP is shown in Figure 8. 
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Figure 6. Trigger response due to DTC 
 

 

 
 

Figure 7. PWM generation block diagram 
 

 

 
 

Figure 8. DSP28335 

 

 

6. RESULTS  

Controller of DTC is applied to regulate torque and motor flux frontally similar to the DC drives for 

obtaining the best accuracy. The flux and torque reply of IM during the whole process is presented in Figures 

9 and 10, respectively. The voltage output through process and the changeable speed drive is shown in 

Figures 11 and 12, respectively. 

 

 

 
 

Figure 9.Torque reply through the IM process 

 
 

Figure 10. Flux response 
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Figure 11. Variable speed response 
 
 

 
 

Figure 12. Three phase output voltage 
 

 

A series of a multi cell, full bridge, and current source inverter feeding IM is performed. The 

experimental parameters of the inverter are characterized as: 

- The supply voltage is 400V 

- The values of the capacitor is 250μF 

- The SPWM frequency is 5 KHz 

- Three phase AC motor. 

The three stage inverter wavefshape is shown in Figure 13. The periodic with the total harmonic 

distortion (THD) of the control signal is shown in Figure 14. The order of harmonics (1-7) of SPWM unit with the 

phase angle is shown in Table 2. The harmonics order of the control signal for (1-7) is presented in Figure 15. 
 

 

  
  

Figure 13. Waveform of the inverter Figure 14. Periodic signal with THD 
 

 

Table 2. Harmonic order and phase relationship for SPWM scheme 
Order of harmonic phase (degree) Value 

1 -113.04 

2 12.41 
3 82.10 

4 -129.31 

5 54.30 
6 117.26 

7 -156.04 
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Figure 15. Fourrier components of the control signal  

 

 

For showing the wrong measure of speed controller with the passage of time, a control table is 

employed as an observation instrument. An observation is an action happened frequently to point an 

unwanted, systematic turn in the procedure and to identify the difference. Hence, the compensation of 

process can decrease it as clarified in Figure 16. Figure 17 clarifies the wrong measure of the magnetization 

control in the controller of DTC. The signal of magnetization serves as a signal of feedback control for 

controller of speed. The duty cycle of SPWM to control the induction motor is shown in Figure 18. 

 

 

  
  

Figure 16. Error limits of speed controller Figure 17. Limits of magnetization control of DTC 

controller 

 

 

 
 

Figure 18. Duty cycle of SPWM 

 

 

For nonlinear systems, a varying equilibrium, Jacobian linearization (JL) algorithm, is implemented 

to yield better linear operation. A fuzzy logic controller (FLC) algorithm is implemented for direct torque 

control induction motors (DTCIM). The speed-angle variation in Figure 19 shows that in (15), system 

response is fully controlled with increasing speed. In this paper, (3) sensors for the voltage (zmp101B), 

current (ACS712) and speed are employed. ZQ28335DSP is employed to control the suggested algorithm; 

the other small parts are presented in Figure 20. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Smart actuator for IM speed control with F28335 DSP application (Abidaoun H. Shallal) 

1429 

 
 

Figure 19. Equilibrium state of the system to ensure stability analysis 
 
 

 
 

Figure 20. Hardware application of the suggested work 
 
 

Two-phase voltage is recorded by using voltage sensor zmp101B. The sensor will show the 

analogue input and output voltage in the 0- 5V area. This will make it easy to use in observing enforcement 

connection the speed prospector (FC-03) on shift motor to observe the difference in speed. The FC-03 

encoder or the FZ0888 encoder is an infrared speed sensor module with the LM393 comparator. It can be 

used with Arduino. The voltage of phase is defined by the duty cycle of the signals of PWM. Therefore, it is 

possible to change the frequency to confirm the different speed in the IM process. The key parameters 

utilized in speed controller of PI and torque controller include: Kp=23, Ki=10, the reference speed is 

1900RPM, cut off frequency of the low pass filter is 100 Hz, switching frequency = 5000 Hz. The lockup 

table flux formation is shown in Figure 21. 
 

 

 
 

Figure 21. Flux data used 
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7. CONCLUSION  

The intelligent or smart charging speed drives growth plays a significant role in improving our life. In 

industry, there are many applications involving actuators to connect with other actuators in intelligent ways, but 

we are well on the brink of something much bigger. DTC with multilevel inverter is better way to reduce the 

ripples of the flux and torque. This algorithm supplies an enough layout method due to the easily observation of 

the effects of parameters and the charge in system procedure and organizations of control. Program of Matlab/ 

Simulink is used for creating the models of subsystem and adjust the complete system of control easily. 

TMS320F28335DSP is a platform of the development board based on multi-carrier triangular SPWM control 

strategy. The stability analysis and equilibrium state proves the effectiveness of this algorithm. 
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