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ABSTRACT 

Electric motors, which are widely used in industry, need to be controlled and monitored to ensure that they 

operate as intended. With the development of Internet of Things (IoT) technology, electric motors can be 

remotely controlled and accurately monitored in real time. This paper proposes an IoT-based supervised 

control of a three-phase Squirrel Cage Induction Motor (SCIM) using a Variable Speed Drive (VSD) 

module and a Programmable Logic Controller (PLC) as a control device with several display screens, 

namely Human Machine Interface (HMI), PC server, and PC client. This allows the electric motor to be 

remotely controlled and monitored via the internet by a motor control system implemented using the 

vector control method available in the VSD module. The proposed method has been verified through 

laboratory experiments, and the experimental results demonstrate that the IoT-based supervised control 

system of the induction motor works as designed. The motor rotation speed and direction can be 

successfully controlled and monitored according to the reference using the HMI, PC server, and PC client. 

Keywords-vector control; squirrel cage induction motor; Internet of Things; PLC; HMI 

I. INTRODUCTION  

Electric motors can be considered the heart of industrial 
production processes, since a wide variety of industrial 
equipment uses electric motors as a power source for both 
linear motion and rotary motion. Three-phase SCIMs are one 
of the most widely used motors in industry, especially for high 

power and high rotational speed applications, such as pumps, 
conveyors, compressors [1-2]. It is well known that SCIMs 
have several advantages over other types of electric motors, 
such as simple brushless construction for greater durability, 
high efficiency especially at full load, and lower purchase and 
maintenance costs than other types of electric motors [3-5]. 
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Electric motors used in industry must operate accurately 
and reliably to maintain production quality. To achieve this 
goal, the motor must be continuously controlled and monitored 
in real time via appropriate control devices and control 
methods. Motor control includes the regulation of rotation 
speed, direction of rotation, and braking and starting current for 
large power motors [6]. With the development of technology, 
the development of motor control devices has also progressed. 
In the early era, manual switches were used for motor control, 
which was followed by the utilization of electromagnetic 
switches. Today, motor control has widely used power 
semiconductors packaged in the form of power converters. 
Power converters provide regulation of voltage, current, and 
frequency, making it possible to control motor speed, direction 
of rotation, and braking. The type of power converter used for 
SCIM control is the inverter. In this paper, a three-phase 
inverter module is proposed to control a three-phase SCIM, 
known as a VSD module or a Variable Frequency Drive (FVD) 
module [7, 8]. The type of VSD used is Sinamic G120, which 
is compatible with three-phase SCIMs. 

The reliability of the SCIM control system is also 
determined by the control method of the motor. In general, 
SCIM control methods are divided into scalar control and 
vector control [9-11]. Scalar control, also known as volt-hertz 
control, is a method of controlling the speed of an induction 
motor by regulating the scalar quantities of voltage and 
frequency via a power converter [12]. The advantages of this 
method are that it is simple, easy, and inexpensive to 
implement. However, it has the disadvantage of being 
inaccurate and less stable under dynamic loads, making it 
suitable for implementation only in applications that do not 
require high control precision [13]. To overcome the 
weaknesses of scalar control, many vector control schemes 
have been developed in SCIM. Typically, vectors are divided 
in Direct Torque Control (DTC) and Field Oriented Control 
(FOC) [14-16]. DTC has a simpler structure, but is less reliable 
than FOC in handling load dynamics. On the other hand, FOC 
is more reliable in handling the dynamics of external 
disturbances while being more sophisticated. In contrast to 
DTC, FOC is a vector control technique that uses indirect 
torque and flux regulation - where torque and flux are 
controlled by the stator current in the dq-axes - to control the 
speed of an electric motor [17-20]. In this paper, the SCIM 
control method based on FOC implemented in the Sinamic 
G120 VSD module is used. 

The development of the internet allows the implementation 
of supervised control systems in SCIMs, increasing the 
reliability of SCIM control systems. The utilization of the IoT 
technology allows SCIMs to be remotely controlled and 
monitored, making them more flexible to use [21]. Several 
devices have been employed for IoT-based SCIM control, such 
as PLC [22-23], VLT302 drives [24], Arduino microcontrollers 
with Nodem MCU, and ESP 32 [25-30]. Microcontrollers are 
widely used because they are inexpensive, but their capacity is 
limited, unlike PLCs, which are expensive but have larger 
capacity. In this study, an IoT-based vector control system for 
SCIM was developed using the Siemens S7 1200 PLC. The 
system is equipped with an HMI display, a PC server, and a PC 
client for monitoring and controlling the SCIM. The PC server 

is also equipped with a data logger that allows operators to 
view historical data. This design is expected to increase the 
reliability and flexibility of IoT-based SCIM control. 

II. METHODOLOGY 

Vector control is a speed control method that decouples the 
torque and flux control on the SCIM so that they can be 
controlled separately, similar to the control on a DC motor. 
DTC is a speed control system through direct electromagnetic 
torque and flux linkage settings, while torque and flux linkage 
control in the FOC method is performed indirectly through the 
dq-axis stator current [31-32].  

A. Squirrel Cage Induction Motor 

Three-phase SCIM can be represented in three-phase axes 
or in dq-axes. In vector control, SCIM is modeled in dq-axes. 
The dq-axes SCIM model is illustrated by the equivalent circuit 
in Figure 1. 

 

 
Fig. 1.  Eqiuvalent circuit of SCIM in dq-axes. 

The speed control of the SCIM model with the FOC 
method is performed by regulating the flux and torque through 
the dq-axis current, where the q-axis current represents the 
torque component and the d-axis current represents the flux 
component [33]. The SCIM will rotate according to the 
setpoint value when the electromagnetic torque Te generated by 
the SCIM is equal to the torque required by the load TL at that 
speed. This can be derived from the following SCIM 
mechanical dynamics equation: 

m
e m L

d
T M D T

dt


      (1) 

where D is the friction coefficient and M is the moment of 
inertia. The electromagnetic torque Te that must be produced by 
the SCIM to serve the load is formulated as: 

 3

2
e m qs dr ds qrT nL i i i i     (2) 
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where n is the pole pair number of the SCIM. The electrical 
power required by the SCIM to move the load Pin and the 
mechanical power produced by SCIM Pout are formulated as: 

 3

2
 



in ds ds qs qs

out e m

P v i v i

P T
    (3) 

B. Field Oriented Control of Squirrel Cage Induction Motor 

The proposed SCIM control system uses the Sinamic G120 
VSD module, which is compatible with the FOC vector 
control. Figure 2 shows the FOC scheme for the SCIM control 
system. 

 

 
Fig. 2.  FOC sheme of the SCIM control system. 

The SCIM speed is controlled by regulating the flux and 
torque through the dq-axis current control. The q-axis current 
represents the torque parameter, whereas the d-axis current 
represents the flux parameter, each expressed as: 
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The reference stator currents in the dq-axes *
qsi  and *

dsi are 

obtained from the PI controller, as depicted in Figure 2. The 

SCIM speed r  will match the reference speed *
r  when the 

SCIM currents qsi  and dsi  are equal to *
qsi  and *

dsi . This can be 

achieved by setting the Pulse Width Modulation (PWM) based 
on the Hysteresis Current Control (HCC) concept. HCC PWM 
works on the basis of the current error in the abc axis. 

Therefore, the dq-axis reference current from the PI controller 
must be transformed to the abc axis using the equation: 
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where  is the rotor angle of the SCIM obtained from the 
equation: 

1( )  m s dt       (6) 
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     (8) 

where 1s  and r  are the slip speed of SCIM and rotor flux, 

respectively. The FOC design on the Sinamic G120 VSD 
module is implemented through the TIA portal application 
software. 

C. Internet of Things 

Vector control with the FOC method is implemented based 
on IoT using PLC S7 1200 as the control center and several 
displays consisting of HMI TP 700 comfort, PC server, and PC 
client as tools to perform control actions and monitor control 
parameters. The PC server is equipped with the TIA portal 
software and Wincc unified PC for IoT applications. The PC 
server is also equipped with a data logger to store monitored 
data. The control actions that can be performed include setting 
the speed and direction of rotation, whereas monitored 
parameters involve rotation speed, current, voltage, and 
frequency. These parameters can be obtained through the 
address on the VSD. Two types of data communication are 
used, namely the ethernet cable connecting the PLC, the HMI, 
the PC server, and the VSD, and the internet connecting the PC 
server and the PC client. Figure 3 illustrates the proposed IoT 
scheme. 

III. RESULTS AND DISCUSSION  

The IoT-based vector control design is implemented on a 
three-phase SCIM with a power rating of 0.75 kW. The SCIM 
is connected to a Synchronous Generator (SG), where the 
generator serves a variable resistor load. Figure 4 shows the 
hardware setup for the experiment. 

The first experiment was conducted with a reference speed 
of 500 rpm in a clockwise (CW) direction. The reference speed 
was set via the HMI screen. Figure 5 portrays the screen 
display of the PC server, PC client, and HMI in this first 
experiment. Figure 5 demonstrates that all displays show the 
motor speed value of 500 rpm in a CW direction. When the 
SCIM is operating at 500 rpm, the RMS stator current is 0.3 A, 
the stator voltage is 120 V, and the frequency is 18 Hz. These 
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results indicate that the designed IoT system for the VSD of 
SCIM based on the FOC method has successfully controlled 
SCIM according to the reference speed and also successfully 
displayed all the monitored data, namely rotor rotation speed, 
rotation direction, stator voltage, stator current, and frequency. 
The data from the tachometer measuring device and the rotor 
rotation speed data from the speed sensor, which are displayed 
on all screens, have the same value. The current, voltage, and 
frequency parameters also yield the same results, with the 
numbers displayed on all screens matching the values read on 
the tachometer. These results indicate that the IoT system 
designed to display the SCIM parameters worked well. The 
SCIM can also be controlled from all screens, whether from the 
HMI, the PC server, or the PC client. This shows that the IoT 
system for Sinamic G120 using the Wincc application has 
worked well. Even if the control system is operated from 
different types of screens at different distances, it can react 
quickly. Depending on the setpoints entered on the screen, the 
system can execute control operations rapidly. 

 

 
Fig. 3.  Proposed IoT scheme. 

 
Fig. 4.  Experimental setup. 

 
(a) 

 
(b) 

 
(c) 

Fig. 5.  Results of the first experiment: (a) server, (b) client, and (c) HMI. 

The design of the SCIM rotation speed control system using 
the FOC method based on the PI controller applied to the 
Sinamic G120 VSD has successfully regulated the motor speed 
according to its reference value, as indicated by the speed 
graph presented on the HMI screen in Figure 6. Figure 6 
demonstrates that after 4 s of operation the SCIM rotor rotation 
speed is set to 500 rpm and that the system must run for 7 s 
before the rotor rotation speed reaches the setpoint. This shows 
that the SCIM speed can reach the setpoint within 3 s. In 
addition to quickly reaching the setpoint, the proposed design 
of the FOC method has also been able to reduce overshoot in 
transient conditions and has also successfully reduced ripples in 
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steady-state conditions. As a result, the SCIM speed can be 
stable according to the reference value, as illustrated in Figure 
6. 

 

 
Fig. 6.  Speed graph on the HMI screen. 

Further experiments were conducted by treating the SCIM 
at varying reference speeds while keeping the SCIM load in the 
form of a SG constant. The SCIM rotor speed was varied from 
500 rpm to 1000 rpm. Figure 7 presents the result data from the 
second experiment stored in the data logger on the PC server. 
Figure 7(a) shows the motor speed data, where the actual motor 
speed obtained from the speed sensor demonstrates the same 
value as the reference speed value entered on the HMI screen. 
In this experiment, the soft starting method is applied by setting 
the SCIM reference speed with a rise time of 2 s to reduce the 
starting current. This can be seen in the current graph depicted 
in Figure 7(b). When the speed changes from 500 rpm to 1000 
rpm, there is a transient condition in the current with a slight 
spike. This would be different if the reference speed was not 
added with a rise time to reach its setpoint. Figure 7(c) exhibits 
the graph of the stator RMS voltage in the second experiment. 
When the speed is 500 rpm, the stator voltage is 120 V and 
increases to around 210 V when the SCIM speed changes to 
1000 rpm. The same is true for the frequency value. The SCIM 
frequency is around 18 Hz when the motor operates at 500 rpm 
and then increases to 38 Hz when the SCIM operates at 1000 
rpm. Based on these data, it can be seen that the SCIM speed 
control with the FOC method is done by adjusting the torque 
and flux through the stator current control. This stator current 
control is done indirectly by changing the voltage and 
frequency values by changing the modulation pulse of the 
PWM generated by the controller. The results of this second 
experiment indicate that the FOC controller design set via the 
TIA portal has successfully controlled the SCIM speed under 
various conditions. These results also show that the data logger 
design set up on the PC server also worked well and 
successfully stored the measurement data with a sampling time 
of 0.1 s. 

The third experiment was conducted with varying loads and 
constant speed. In this experiment, a variable resistive load was 
applied to the SG connected to the SCIM. The SCIM speed 
was kept constant at 1000 rpm, whereas the load was varied to 
approach 2 A and 1 A. Figure 8 presents the results of the 

experiment stored on the PC server. Figure 8(a) shows that the 
SCIM speed remains constant even though the load is changed. 
Figure 8(b) displays the current graph generated due to changes 
in load, and Figure 8(c) shows the voltage graph generated due 
to changes in load. The results of this experiment show that the 
SCIM speed remains controlled even though the load changes. 
This demonstrates that the FOC control design is reliable in 
controlling the SCIM speed under various conditions. All the 
test results indicate that the vector control design with the IoT-
based FOC method has worked well according to its objectives. 
The IoT system has successfully controlled and monitored the 
SCIM from various screens. The FOC design has also 
successfully controlled the motor speed under various 
conditions. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 7.  Results of the second experiment: (a) rotor speed, (b) current, (c) 
voltage, and (d) frequency. 
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(a) 

 
(b) 

 
(c) 

Fig. 8.  Results of the third experiment: (a) rotor speed, (b) current, and (c) 
voltage. 

IV. CONCLUSION 

This paper proposes the implementation of Internet of 
Things (IoT)-based vector control using Sinamic G120 
Variable Speed Drive (VSD). The vector control is designed 
deploying the Field Oriented Control (FOC) method based on 
the PI controller. The IoT system is implemented using the 
Wincc application with hardware PLC S7 1200, Human 
Machine Interface (HMI), PC server, and client. The test results 
show that the proposed vector control with the FOC method 
has worked well in controlling the motor speed. The FOC 
method based on the PI controller applied to the Sinamic G120 
VSD produced a fast rotor speed response, reaching the 
setpoint with minimal overshoot in transient conditions and 
producing a stable response in steady-state conditions. The 
motor speed was successfully controlled both at varying speeds 
and under varying load conditions. The created IoT system has 
also worked well, where the motor can be controlled and 
monitored from different devices, namely HMI, PC server, and 
PC client. The IoT system has successfully displayed voltage, 
current, and frequency data, and has also been successfully 
stored in the PC server. This proposed IoT system allows the 
motor to be remotely controlled and monitored via the internet. 
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