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Abstract:
Many different technologies have been studied in relation to electrical generator control system management
and condition monitoring. The ability to plan control systems and monitor them offers benefits for finances,
operations, and technology. Electric generator manufacturers are drawn to this area for this reason. The
focus of this review paper is on the control system management of synchronous generators, with a particular
emphasis on the utilization of Field Programmable Gate Array (FPGA) and microcontrollers with techniques
such as Proportional-Integral (PI), Proportional-Integral-Derivative (PID), etc. Furthermore, the monitoring
of the synchronous generator’s condition has been introduced using Internet of Things (IoT) variable devices.
Finally, the paper delves into the classification and thorough analysis of recent research that suggests control
systems and monitoring models, including interactions with various kinds of power plants that run on
synchronous generators. The survey results included a plethora of relevant articles and papers about the
application of control systems to the Internet of Things.
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1. Introduction

The industry employed in various control applications, such
as machines, power plants, furnaces, heat-treating ovens,
factory operations, ship stability, switching in telecommu-
nications systems, and others requiring minimal human
intervention, needs automation. In some fields, such as
hydraulic, electrical, mechanical, and computer engineer-
ing, the majority of processes have been automated and
continue to advance. One method of overcoming machine
malfunctions is by predicting them beforehand [1]. There
are numerous benefits to using three-phase synchronous
generators (SGs) for distribution, transmission, and genera-
tion. In nuclear power, thermal, and hydroelectric systems,
huge synchronous generators are used to generate the volt-
ages. An electrical device called a synchronous generator
or alternator transforms mechanical power from a primary
mover into AC electrical power at a specific voltage and
frequency. The synchronous generator’s stationary and spin-
ning components are the stator and rotor. These are the
synchronous generator’s power-generating parts. The ar-
mature conductor makes up the stator, and the field pole is

found in the rotor. The voltage of the conductor is caused
by the relative motion of the stator and rotor [2, 3]. Every
year, there is a greater focus on studies of powered sys-
tem controllers based on Digital Signal Processors (DSPs).
Usually, special development software is used to construct
DSP-based controllers on FPGAs or DSP microcontrollers.
With the aid of microcontrollers, PLCs, and FPGAs, au-
tomation companies need to increase the accuracy, speed,
and automation of their systems. Numerous types of sensors
are used in the automatic operation and tracking processes
of power generator control systems [4–6]. Certain methods,
including the artificial intelligence (AI) approach, aid in en-
hancing the sensitivity of diagnosing techniques. The use of
AI in electrical drives and machines is suggested in [7–10].
Several parameters are used as input signals in AI-based
systems, including frame vibration, magnetic fluxes, and
stator currents and voltages [11, 12]. To enhance frequency
and voltage management in microgrids, use a Reinforce-
ment Learning (RL) controller based on PI principles [13].
A novel analytical model is introduced to evaluate the influ-
ence of wind power participation on unit commitment risk
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(UCR) [14]. The most well-known AI techniques are typi-
cally an expert system, an ANN, a fuzzy neural network [9],
and their combinations. Over the past 20 years, ANN has
been the subject of extensive research and has been success-
fully used for fault diagnosis [15–17] and dynamic system
modeling [18, 19]. The IoT describes a type of wireless
network that allows anything to be connected to the internet.
It can also be described as a new kind of technology that
connects physical objects or gadgets to the internet. The
term “Internet of Things” refers to any situation in which
machines communicate with one another via the Internet.
One excellent tool for bolstering the power system’s control
mechanism is the Internet of Things [20]. Reducing oper-
ating and maintenance expenses is seen as crucial, as fault
tracking and monitoring are thought to be efficient methods
for early alarms and preventing impending faults. Operating
and maintenance expenses can make up as much as 25% of
the total levelized cost of power and are largely attributed to
unanticipated drive train breakdowns [21]. Two specialized
reviews on the use of generator system control for condition
monitoring (CM) and fault detection (FD) in wind turbines
and nuclear power plants, respectively, were published by
[22] and [23]. There are several survey research topics
related to the Internet of Things [24–26] and FPGA deploy-
ment of the Internet of Things [27–29]. The state-of-the-art
synchronous generator CM and FD for several power plant
applications is reviewed in this study. By concentrating
on the combination of generators, FPGA, and IoT as three
fundamental ideas for building smart stations. In this study,
recent publications on a wide range of fault detection and
monitoring using IoT applications are included. There are
nine sections in the paper: section 2: synchronous gener-
ator system control overview with subsections; section 3:
advanced control techniques using FPGA; section 4: the
Internet of Things; section 5: integration of FPGA and IoT
for synchronous generator system control; section 6: future
directions and research gaps; and section 7: conclusions.

2. Synchronous generator system control
SG is among the most crucial pieces of equipment in the
power networks that provide consumers with electricity.
Although the SGs are extremely dependable devices, de-
fects are inevitable and have the potential to stop electricity
generation. To improve the reliability of power systems, a
number of protective strategies have been put forth thus far,
with SG reliability being a crucial concern. Redundancy
(including another SG as an extra unit) enhances reliabil-
ity but at the expense of increasing the power-generating

system’s weight, volume, and cost. Therefore, a suitable
strategy makes use of a sensitive and precise fault detection
tool to find the flaws at an early stage. The most common
failure in large SGs is the stator-winding fault, with the rotor-
winding fault coming in second [3, 30]. One intricate and
crucial component of power generation is the regulation of
synchronous generator systems. It involves a number of dif-
ferent parts, including power system stabilization, voltage
and frequency management, and excitation control. Con-
trolling synchronous generators, which are frequently found
in wind turbines and power plants, is crucial to preserving
grid stability and producing electricity effectively. While
a great deal of effort has gone into diagnosing induction
machine failures, the identification of SG faults has received
less focus. Fig. 1 represents a different type of SG control
system that will be described separately for each part.

2.1 Excitation control system
Excitation control is an essential element in synchronous
generators, focusing on coping with the excitation modern-
day furnished to the sector windings of the generator’s rotor.
This cutting-edge level dictates the depth of the magnetic
subject generated by the field windings, eventually influ-
encing the generator’s voltage law, management of reactive
power waft, and the overall balance of the device. The ex-
citation system is essential for maintaining stable voltage
levels in the generator during load variations or system dis-
turbances. It adjusts the excitation to keep the voltage output
constant, typically using an AVR to manage the excitation
current and ensure voltage stability under changing load
conditions. Excitation control in synchronous generators
can be accomplished in a number of ways. The following
are some typical ways to accomplish excitation control [31]:

• Static Excitation Systems make use of thyristors or
transistors to adjust the excitation cutting-edge to the
generator’s discipline windings.

• Brushless Excitation Systems do away with brushes
and slip rings by employing a rotating diode assembly
to rectify the output from a distinct exciter generator.

• AC Excitation Systems utilize a secondary AC gen-
erator to energize the field windings of the primary
generator. The AC output is converted to DC through
diodes or thyristors before being directed to the field
windings.

• DC Excitation Systems employ an independent DC

Figure 1. Overview of a different type of SG system control.
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generator, referred to as an exciter, to deliver direct
current to the field windings of the primary generator.

• Digital Excitation Control is a contemporary excita-
tion systems that frequently integrate digital control
algorithms to supervise and modify excitation levels
according to system conditions and load requirements.
The utilization of these excitation control techniques is
vital in guaranteeing the effective functioning and sta-
bility of synchronous generators within power systems.
See Fig. 2.

2.2 Voltage and frequency control system
The goal of the SGs’ voltage and frequency control system
is to keep the power grid operating at the appropriate volt-
age and frequency levels. To do this, the load frequency
control (LFC) system, AVR, turbine governor, excitation
system, and speed governor collaborate. To maintain the
desired voltage and frequency levels, the voltage and fre-
quency control systems communicate with one another as
shown in Fig. 3. Time delays, uncertainty, and non-linearity
are some of the obstacles that the voltage and frequency
management system for super grids must overcome. The
voltage and frequency management system for supergrids
(SGs) is now performing better because of recent develop-
ments in control technologies like robust control and model
predictive control (MPC). These developments have im-

proved the system’s ability to manage the aforementioned
difficulties [35].

2.3 Power system stabilization
A power system stabilizer (PSS) is a control system uti-
lized in synchronous generators to enhance power system
stability and damping by issuing additional control signals
to the excitation system. The main purpose of a PSS in
an SG is to mitigate low-frequency oscillations resulting
from disturbances like load variations or faults. So, this con-
trol signal helps counteract disturbances and uphold system
stability [36]. A power system stabilizer (PSS), which is
used to reduce the generator’s oscillations, and an excitation
control system, which controls the generator’s terminal volt-
age, normally make up a synchronous generator’s control
system [37]. Contemporary generator controls are built to
withstand changes in the active load and nonlinear model
components. The PSS schematic is similar to Fig. 3 with
replacing LFC by PSS feedback loop which consists of [38]:

• Feedback signals: Rotor speed deviation (∆ω), accel-
erating power (∆P), terminal voltage deviation (∆V).

• Damping gain (Kd)

• Washout block

• High pass filter

• Lead-lag compensator

Figure 2. Excitation control methods diagram [31].

Figure 3. An LFC and AVR schematic for a synchronous generator [32].
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2.4 Application in wind turbines

The application of SG system control in wind turbines is
essential for efficient and reliable operation. Performing
SG control in wind turbines involves implementing vari-
ous control strategies and algorithms to optimize system
performance as shown in Fig. 4. Key steps include design-
ing a control system for regulating output and rotor speed,
ensuring grid synchronization, integrating variable speed
operation, enhancing fault ride-through capability, improv-
ing power quality, and incorporating condition monitoring
for fault detection. Utilizing advanced control strategies like
vector control and model predictive control can optimize SG
performance and ensure reliable operation in diverse wind
conditions. By following these steps, wind turbine operators
can effectively perform SG control to enhance performance,
reliability, and efficiency in wind power generation [22].

2.5 Virtual synchronous generator(VSG)

The Virtual Synchronous Generator (VSG) control system
emulates traditional synchronous generators in power sys-
tems to provide grid support functions like frequency regu-
lation, voltage control, and fault ride-through capabilities
in distributed generation systems. It comprises a power
generation part for determining reference voltage based on
power requirements and a voltage and current control part
for regulating inverter output to maintain grid stability. By
mimicking synchronous generators, VSG systems offer in-
ertia and damping effects, support frequency stability, and

ensure reliable operation during disturbances, enhancing
grid stability and power quality in systems with high renew-
able energy penetration. As a result of the SG, a genuine
flaw may be harmful and result in issues. Because of this,
modeling significantly contributes to the SG analysis by
lowering expenses and risks. A few review papers using
different SG modeling or VSGs were presented [39, 40].
Fig. 5 depicts a typical microgrid configuration with a VSG-
based power controller [34].
Research on the management of synchronous generators is
also ongoing; technologies like synchronous generator sim-
ulation control and virtual synchronous generators are being
investigated to meet current technical issues and potential
future developments in power systems [41].

3. Advanced control techniques using FPGA

The term “Field Programmable” refers to the capacity to
change operations in the field, while “Gate Array” refers
to the device’s fundamental underlying design. The Field
Programmable Gate Array (FPGA) family of reconfigurable
hardware falls under this category. Software can be used to
build digital computing jobs, which are then assembled into
bitstream files. Information regarding the proper wiring of
the components is contained in this bit stream file. FPGAs,
which are parallel in nature, combine the greatest features
of processor-based systems with application-specific inte-
grated circuits (ASICs). The flexibility of software is a ben-
efit of employing a processor that is software-programmed;

Figure 4. The synchronous generator (SG) in a wind turbine [33].

Figure 5. The general configuration of microgrid using a multiloop control system based on VSG [34].
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nevertheless, if the processor’s clock is not fast, perfor-
mance may suffer [43]. You may implement a large range
of arithmetic and logic functions with an FPGA, which is a
two-dimensional array of adjustable elements. Lookup ta-
bles (LUTs), registers, tristate buffers, multiplexers, digital
clock managers, multipliers, dual port memory, and dedi-
cated DSP blocks are examples of these resources. As seen
in Fig. 6, FPGAs are programmable devices that consist of
logic cells arranged in a matrix-like arrangement [42]. The
Table 1 describes three main applications in various fields.
A strong tool for assembling an FPGA program from a high-
level Simulink model-based design is the Xilinx System
Generator. Furthermore, complex I/O methods found in
Xilinx FPGAs are capable of handling a broad range of volt-
age and bandwidth requirements. Control algorithms can
be defined using Hardware Description Language (HDL)
(such as VHDL or Verilog) and directly implemented on the
FPGA. Fast control algorithm execution and hardware-level
parallelism become possible by it. Many times, the System
Generator contains all the components required for a design.
When a design of this kind is selected, clicking the Generate
button causes the System Generator to convert the design to
HDL and create the files required for processing the HDL

with downstream tools [44].
Because FPGA-based pulse width modulation (PWM) con-
trollers offer significant advantages over classical PWM
controllers, their application has grown dramatically in the
last several years. It is now utilized in more than just basic
DC-AC inverters, DC-DC transformers, and AC-DC trans-
formers. Not to mention more sophisticated ones like the
PWM controller for a single-phase five-level inverter and
the level-shifted PWM created for asymmetrical converters
that are in a triad hybrid multilevel inverter, as well as the
space vector PWM (SVPWM) algorithm for a three-phase
delta inverter [45–47].

4. The Internet of Things
A type of network called the “Internet of Things” allows
anything to be connected to the internet. Another way to
describe it is as a new technology that connects physical
objects or gadgets to the Internet. [49]. In order to auto-
mate industrial operations, controllers and data collection
systems became increasingly popular in the power industry
during the 1990s. It was an Internet of Things version one.
Its duties were gathering information about the underlying
process, evaluating the information, and issuing commands

Figure 6. The structure of FPGA [42].

Table 1. Field of FPGA applications.

No Application Tasks

1 DSP Digital signal processing : image and audio processing, filtering, and encryption
2 Embedded systems Data Acquisition, Control Systems, and Communication Protocols
3 High speed computing Data Processing, Scientific Simulations, Machine Learning
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to regulate the processes in order to supervise the work of
programmable logic controllers (PLCs). Another earliest
example of the Internet of Things is smart meters, which
can connect and detach consumers as well as provide con-
sumption data in almost real-time without the need to visit
the customer’s location. Both technologies are able to track
and control things along the IoT maturity continuum Fig. 7.
For an IoT solution to go to a greater degree of maturity,
operational technology—such as SCADA and smart me-
ters—often has to be supplemented with information and
communication technology (ICT), such as enterprise re-
source planning (ERP) systems and geographic information
systems (GIS). The next section provides an overview of
some more developed IoT solutions [50–52].
All IoT modems perform is move data bytes from one for-
mat to another (see Fig. 8). Through a variety of communi-
cation formats, including Bluetooth, Serial, RS-485, TCP,
and other widely used technologies [53].
The following are the essential steps of Internet of Things
usage and implementation:

• Defining utilization: This is the initial step when the
application’s purpose and the IoT setup are specified.

• Equipment selection: At this point, hardware devices
are curated for specific uses.

• Finalization of protocols: During this phase, the com-
munication protocols that are compatible with the cho-
sen hardware for a specific application are completed.
The communication protocols’ comparative research
is displayed in Table 2 [48].

• Storage management: This phase involves determin-
ing the data’s mode of storage and enables hardware
interaction via completed communication protocols.
Storage options include online storage, USB drives,
and SD cards.

• Data analysis management: it is the last phase of the
Internet of Things setup, when a specialized software
program is offered for the analysis of the data that has
been gathered and stored. It facilitates our ability to
regulate and alter the whole setup’s functionality as
needed.

5. Integration of FPGA and IOT for
synchronous generator system control

The Internet of Things (IoT) has recently been implemented
using FPGA technology. People and electronic devices are
being connected on a scale that was previously unthinkable,
thanks to the Internet of Things. Handling the enormous

Figure 7. The maturity model of IoT.

Figure 8. IoT modem.

Table 2. Communication rules comparative research [48].

No Innovation Range Speed Cost

1 Bluetooth up to 50 m 1 mbps low
2 Zigbee up to 100 m 250 kbps low
3 LTE-M up to 200 km 0.2-1 mbps moderate
4 Satellite very long distance 10 kbps high
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volume of sensing data produced by smart devices that
have limited resources and are prone to missing data from
link failures presents another difficulty for the Internet of
Things. One way of using low-cost FPGA implementation
of the whole IoT subset, including TCP/IP protocol, con-
trol system, data acquisition, etc. , as shown in Fig. 9. In
the last few years, the research community has paid a lot
of attention to IoT applications on FPGA platforms. This
method provides a comprehensive, affordable, effective, and
user-friendly approach to a remote sensing and monitoring
system that operates around the clock [54, 67, 68].
The adoption of FPGA accelerators is limited by integration
and programming issues, despite their excellent speed and
low power consumption [69].
FPGA and IoT integration in synchronous generator sys-
tems can have a number of advantages, including enhanced
control, fault detection, and faraway monitoring of parame-
ters in power plants. FPGA or microcontroller-IoT control
systems may generally be used to identify power generation
defects; several studies have been done in this area, with
Table 3 summarizing them. The following is a list of the pa-
pers read that discuss the development and execution of IoT
applications on FPGA and other microcontroller platforms
in power generation with techniques used:
Yousaf H. Khattak et al., [55], developed an intelligent en-
ergy management system (IEMS) for effective load control

in utility and solar power production systems. The EMC
functions as a graphical user interface (GUI) created in
LABVIEW for real-time voltage and current data logging
and FPGA connection. Wireless radio data transfer is made
possible via ZigBee, while voltage and current sensors are
interfaced with the FPGA through analog to digital con-
verters. The system’s objectives are to monitor and control
electrical consumption.
Md. Yaseen et al., [56], addresses the communication be-
tween cloud computing and electrical equipment in order to
provide real-time generator monitoring. The system collects
vital parameters by using a variety of sensors, including
temperature, vibration, and current sensors. Field opera-
tors receive notifications through a web application when
faults are simulated using devices based on the Internet of
Things. To find errors, FFT techniques are used to evaluate
vibration data from sensors. Local edge analytics have been
performed, and an effective early alert system has been de-
veloped according to trends seen in online applications.
The application of modern AVR systems for synchronous
machines with FPGA has been the subject of recent re-
search. For example, in 2019, the authors of [57] described
the design and testing of an AVR system that includes extra
controllers for field current and reactive power regulation,
as well as safety features like V/Hz limiters and over- and
under-excitation limits. Accurate parameter computations

Figure 9. Shows the integration of FPGA and IoT [54].

Table 3. Review papers on power generation control systems with IoT monitoring.

Reference & Year Of Publication Processing Device Controller Task IoT Power Generation
[55], 2015 FPGA Current, voltage, and energy management ZigBee PV power generation
[56], 2017 Arduino mega Vibration, temp. and current Raspberry Pi Generator
[57], 2019 FPGA with PI technique Voltage regulator NI9264 modules 185 kW synchronous machine
[58], 2020 Arduino current, voltage, and freq. Bluetooth module 3-phase Generator
[59], 2020 Arduino current, voltage, freq., power, NodeMCU ESP8266 3-phase electric power
[60], 2020 FPGA voltage, speed, Temp., pressure, and fuel GSM Thermal power plant
[61], 2021 Arduino Mega current, voltage, freq., power, P.F, Temp. and fuel NodeMCU ESP8266 25KV generator
[62], 2021 Raspberry Pi voltage, current, power, temperature, and light intensity NodeMCU solar power generation
[63], 2021 ANN technique Vibration ZigBee Synchronous Motor
[64], 2022 Arduino Mega Voltage and current NodeMCU Hybrid power plant
[65], 2022 Arduino temperature, voltage, motion, and current. ESPCAM 32 Photovoltaic power plant
[53], 2022 Arduino nano temperature, speed, and current, voltage IoT modem Hybrid power plant
[66], 2023 NodeMCU voltage, current, power, energy, and frequency NodeMCU ESP8266 3-Phase Electric Motor
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were ensured by the FPGA’s DSOGI PLL, and real-time
monitoring and control were made possible via the inte-
gration of cRIO modules. These experiments demonstrate
how FPGA-based AVR systems can improve synchronous
generator efficiency and stability. Under the framework
of effective energy management and electrical equipment
monitoring, [58] introduced an Arduino-based smart con-
trol and protection system for a three-phase generator. The
system’s integration of Arduino technology allows for real-
time monitoring of many parameters, including frequency,
load current, and terminal voltage. The data is shown on
a mobile application over Bluetooth. The testing findings
indicate how well the system works under different stress
scenarios and how well it can identify and display anoma-
lous cases. The present study provides significant contribu-
tions to the improvement of generator control and protection
mechanisms. A system consisting of smart sensors based on
hydrostatic/ capacitive measuring principles was established
in the study by [59] to track variables like fuel level, run
hours, current, and voltage. An Arduino ATMEGA328 mi-
crocontroller was used by the system. Users were then able
to access the data via a WiFi module, which enabled real-
time monitoring. It demonstrated how well the suggested
smart monitoring system would work to improve user ac-
cess to vital information and anticipate system failures. The
benefits of FPGA over conventional microcontroller and
PLC-based systems were emphasized in [60]. Research has
shown that FPGA may be effectively used to monitor and
regulate important power plant components. According to
the research, FPGA-based systems have better performance,
real-time monitoring features, and the capacity to SMS alert
users so they may take immediate corrective action when
parameters deviate. Similar to [58], the study was con-
ducted in [61], where parameters were monitored through
the integration of multiple modules, including the Arduino
Mega, PZEM 004T, LM35, and HPT 604-fuel sensors. The
findings showed a clear relationship between running time
and rising temperatures. According to the study’s findings,
the suggested strategy provides a reasonably priced and ef-
fective solution for small-scale industrial applications, with
the potential to lower OPEX costs by utilizing cloud-based
alarm control.
In order to maximize the effectiveness and efficiency of
solar panels using intelligent monitoring systems, [62] used
cloud-based architectures, LabVIEW, Raspberry Pi, and
microcontrollers to track various parameters. The results
emphasize how important ongoing monitoring is for opti-
mizing solar power generation, identifying problems, and
improving performance. In [63] investigated the use of
Internet of Things (IoT) technology to establish a remote
vibration monitoring and fault diagnosis system for syn-
chronous motors. The two primary parts of the system are
a three-tiered model-based Web and database framework
and field information gathering and communication. In ad-
dition to the diagnostic method, expert services give users
precise diagnosis findings depending on the symptoms they
have reported. The study emphasizes how critical remote
signal processing techniques, such as Java Applet, are to
improving fault diagnosis and equipment condition monitor-

ing. For renewable energy systems, hybrid power systems
were monitored and controlled by [64] using Internet of
Things-assisted SCADA systems. The study highlights how
crucial it is to gather and analyze data in real-time in or-
der to manage renewable energy resources effectively. The
suggested methodology shows that it is possible to monitor
several energy sources and optimize system performance
by combining models from simulation with experimental
validation. The results demonstrate how well the Internet
of Things (IoT)-based SCADA system performs in terms of
accurately monitoring, controlling, and making decisions
for renewable energy installations.
The photovoltaic system proposed in [65] uses a micropro-
cessor in conjunction with a variety of sensors to check
temperature, voltage, motion, and current. Additionally,
ESPCAM 32 is employed to connect an Arduino with an
IoT controller so that a remote location can monitor the sys-
tem. The Internet of Things (IoT) makes defect detection
and preventive maintenance easier. It also offers real-time
monitoring and analysis of historical data. The significance
of using efficient fault detection systems to guarantee the
stability and effectiveness of hybrid power plants is the
focus of this study [53]. The researchers looked into the us-
age of temperature, speed, and current sensors for problem
detection, as well as Internet of Things modems for moni-
toring. The study effectively discovered defects, processed
monitored data, and sent fault information from the hybrid
plant to the control center by transferring data to a PC via
UART communication. The study’s result emphasizes the
value of fault diagnosis and real-time monitoring in solar
power plants and wind turbines. An Internet of Things
(IoT)-based 3-phase electrical energy monitoring and con-
trol solution was created in [66] to provide remote energy
usage monitoring and control. Measured parameters using
the Blynk program and the PZEM-004T sensor. The sys-
tem effectively monitored a three-phase load with a range
of parameters and displayed an error rate of 0.02%. The
study’s successful implementation of demonstrates how IoT
technology can improve energy management procedures.
The key components and advantages of implementing IoT
in synchronous generator systems are shown in Fig. 10,
which covers topics like energy management, device inte-
gration, cloud connectivity, monitoring, data analysis, fault
detection, data integration, and security for improved pro-
ductivity and effectiveness in power generation operations.
As seen in Fig. 11 to apply FPGA in the loop (FIL) sim-
ulation to hardware verification on the FPGA board. The
HDL and FIL toolbox and utilities are provided by the Mat-
lab/Simulink environment.
FIL’s methodology offers advantages for both software and
hardware. Throughout co-simulation processing, the FIL
made use of Matlab/Simulink’s capabilities. When the algo-
rithm is loaded via FIL onto the FPGA board, it operates in
real-time. Sensors, power generator models, and other elec-
trical components are among the system components that
are simulated on Matlab/Simulink during FIL processing.
Drawing from the comprehensive literature analysis that
shows cases of the integration of IoT technologies in syn-
chronous generator systems, the subsequent deductions may
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Figure 10. Advantages of implementing IoT in synchronous generator systems.

Figure 11. FPGA in the loop (FIL) simulation.
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be made: Improved control, real-time monitoring, and fault
detection are made possible by the integration of IoT tech-
nology—particularly via FPGA—into synchronous genera-
tor systems, which boosts power generating efficiency and
stability. This enhances energy management and system
performance by offering affordable remote sensing and mon-
itoring solutions. Power plant reliability and efficiency are
raised by optimizing and modernizing synchronous genera-
tor operations through the use of IoT applications running
on FPGA platforms.

6. Future direction and research gap
Recent large embedded process control designs depend
heavily on Field Programmable Gate Array (FPGA) cir-
cuits.
Although there are many advantages to synchronous gen-
erator control through the combination of FPGA and IoT
technologies, there are certain challenges that must be over-
come besides:

• It takes an extensive knowledge of hardware structure
and programming, as well as skill with power system
management and communication protocols, to inte-
grate FPGA and Internet of Things technology.

• IoT-enabled synchronous generator connectivity raises
possible security concerns that need to be addressed
with strong security measures including data encryp-
tion, access controls, and secure communication proto-
cols.

• Adopting industry standards and creating suitable in-
terfaces may be necessary to guarantee smooth inte-
gration and interoperability of FPGA-based control
systems and different IoT devices.

• Higher beginning costs associated with integrating
FPGA and IoT technology may need to be weighed
against the long-term advantages of enhanced perfor-
mance, dependability, and maintenance optimization.

The integration of FPGA and IoT technologies has the po-
tential to transform synchronous generator system control,
enhancing efficiency, reliability, and future-proofing IoT
deployments.

7. Conclusion
In this paper, an overview of various topologies of the SG
control system is presented along with a description of its
structure. The increasing number of complex IoT appli-
cations has brought about new challenges in the design of
IoT-based embedded systems. FPGAs are currently trend-
ing due to the evolution of hardware components and their
versatile usage. This paper presents a review of the integra-
tion of FPGA and IoT for synchronous generator system
control. This approach offers enhanced dependability, ef-
ficiency, and monitoring simplicity, marking an important
development in generator control systems. For FPGA im-
plementation of IoT applications, various techniques are
used for different input description languages, such as C,

Simulink, VHDL, etc. FPGA-based IoT implementations
may include a physical model on the FPGA or facilitate Wi-
Fi connectivity to the internet through dedicated hardware
modules. The detailed literature review demonstrates im-
proved data processing speed and efficiency through FPGA-
based hardware acceleration, reducing the workload on the
main processor and optimizing power consumption. It also
highlights the enhanced parallel processing capabilities of
FPGAs to manage the vast data streams generated by IoT
devices. The ideal method for completing this assignment
was to employ an FPGA controller based on IoT monitoring
techniques. This paper offers an extensive summary that can
help with well-informed choices for particular uses. One
can directly reference all of the information and tools that
the researchers cited here by consulting the review table.
This research opens the way for more advancement in the
use of smart technology in power generation systems.
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