
 

      

International Journal of Advances in Engineering and Management (IJAEM) 

Volume 4, Issue 5 May 2022,   pp: 1574-1577 www.ijaem.net    ISSN: 2395-5252 

 

 

 

 

DOI: 10.35629/5252-040515741577  Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal  Page 1574 

Control of Induction Motor Using Real-

Time Microcontrollers 
 

Duong Quoc Tuan1, Nguyen Thi Thu Linh2 
1,2

Thai Nguyen University of Technology, Thai Nguyen City, Vietnam 

 

-------------------------------------------------------------------------------------------------------------------------------------- 

Submitted: 15-05-2022                                   Revised: 20-05-2022                                    Accepted: 25-05-2022 

----------------------------------------------------------------------------------------------------------------------------------- 

 

ABSTRACT: Three-phase AC motors are widely 

used in the industry. Therefore, the authors propose 

a solution to build a standardized hardware system 

that can interfere with the control structure using 

the C2000 family microcontroller. The advantage 

of this solution is that it is inexpensive and allows 

us to install different algorithms. Besides, it is 

possible to connect to PC via Matlab/Simulink in 

real-time control problem. 
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I. INTRODUCTION 
For small-scale applications and 

applications that require operators, it is necessary 

to intervene in the control structure to customize 

the technology process. However, it cannot be done 

with commercially available equipment. Three-

phase motor control can be divided into two types: 

scalar control and vector control [1-16]. The scalar 

control is simple to implement, but the dynamic 

quality of the system is not achieved as the vector 

control. The vector control method for the stator 

current that uses coordinate transformations is 

analyzed into two components: torque control and 

magnetic flux control. Therefore, the quality of 

control will be improved. However, the control 

structure of this method is complex and requires 

computing power of the microcontroller to be 

strong enough. 

 

II. C2000 REAL-TIME 

MICROCONTROLLERS 
The C2000 real-time controller is a family 

of high-performance microcontrollers, built to 

control power electronics and provide digital signal 

processing in industrial and automotive 

applications [17]. The C2000 is a 32-bit 

microcontroller family with integrated peripherals, 

designed for real-time applications. It can 

communicate with peripherals using common 

communication standards: SPI, UART, I2C, CAN 

and McBSP [18,19].  

In motor control applications, the C2000 

demonstrates the suitability due to the integration 

of peripheral sets: enhanced pulse width modulator 

(ePWM), analog-digital converter (ADC), and 

enhanced quadrature encoder pulse (eQEP). The 

function of the C2000 pulse width controller is to 

create the SOC (Start of Conversion) for ADC, 

which is neccessary to read the stator current 

values accurately. Besides, enabling interrupt 

configuration helps a lot for data processing. 

 

 
Fig. 1. Function block diagram of TMS320 

 

A special characteristic of the C2000 

microcontroller series is that it includes a velocity 

calculator based on the CPU timer. It allows to 

perform calculations by both methods of 

determining velocity: by measuring the number of 

encoder pulses per unit of time, and by measuring 

time on a predetermined number of pulses. 

Furthermore, the high-speed communication 

interface of up to 5Mb / s allows data to be 

displayed on the computer quickly [20]. In terms of 
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programming, C2000 is able to work with 

specialized software like Matlab/Simulink. Texas 

Instrument provides an extension on 

Matlab/Simulink that allows to compile the 

controller directly and then embedded in 

microcontrollers. 

 

III. CONTROL STRUCTURE 
There have been some popular control methods 

implemented in industry: V/f control [21], vector 

control [22-25], direct or non-direct control 

magnetic flux (DFOC, IFOC) [26-28], and flux 

attenuation control [29].  The two most common 

methods used in practical industry are the V/f 

control method and FOC control method. 

From the engine model on the coordinate system 
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The V/f control law for motor torque is as follows: 
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For the control method based on the rotor flux, 

derived from the three-phase asynchronous motor 

model on the dq coordinate system  
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The  FOC control law for flux and motor torque is 

as follows: 
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The V/f constant is guaranteed by an amplifier 

stage with angular velocity input signal ω.  

 

 
Fig. 2. Structure of the experimental setup 

 

The output the controller is the control signal sent 

to the engine. Using an integrator, the rotation 

angle value of the voltage vector is calculated. The 

product of the torque constant with the angular 

velocity is the voltage applied to the motor. The 

control structure according to the V/f control 

method has been designed in Matlab/Simulink 

software, compiled and embedded in C2000 

microcontroller.  

 

 
 

Fig. 3. Control structure of IM 

 

Experimental results are shown in Fig. 4. 

The Figure show that the speed of the motor tracks 

to the speed reference closely. The current 

waveform illustrates the ability to control and 

extract the sample accurately with the implemented 

sampling method. 
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Fig. 4. Experimental results of speed 

 

IV. CONCLUSIONS 
The implemented hardware system shows 

the working capability of the C2000 

microcontroller, satisfying with the V/f control 

method in asynchronous motor control. With the 

open structure of C2000, the intervention of control 

structure and algorithm setting becomes more 

convenient. Experimental results demonstrate the 

ability to meet the requirements of asynchronous 

three-phase motor control using C2000 series 

microcontrollers. By empirical results, the ability 

of real-time operating has been proven. This 

ensures the implementation of applications in 

practice as well as the implementation of different 

algorithms. 
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