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Abstract - The modern 10T and cyber-physical systems cannot be achieved without smart device networks since they enable
real-time monitoring and control that, in its turn, is made possible by the successful interrelation of actuators and sensors.
This paper explores different types of integration architectures such as direct coupling, middleware-based frameworks, cloud-
centric models, and Al/ML-enhanced systems and how they affect the interoperability, scalability, and real-time
responsiveness. The main communication protocols are considered in terms of their performance in facilitating low-power,
low-latency, and dependable data communication. The proposed layered architecture of integration considers dimensions in
design of system, data collection, control logic and synchronization. The importance of edge computing and distributed
systems to reduce the communication overhead as well as to enhance responsiveness is highlighted. An additional assessment
over real-world use cases of smart grids, precision agriculture, water quality, and construction automation use cases is
presented, illustrating the role of machine learning models in improved decision-making and predictive control. The
conclusion of the paper finds potential significant integration problems and indicates the future courses of action, which can
enhance flexibility, the productivity as well as resiliency of sensor-actuator networks.
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1.Introduction

Internet of everything (IoE) is a novel paradigm that can be viewed as a continuation of ancient wireless sensor networks
(WSNs) by taking sensing, computation, information extraction, and communication, and uniting them into a new system [1]. In
contrast to traditional WSNs, IoE is heterogeneous, including smartphones, tablets, wearable devices, vehicles and home
appliances that are able to sense their surroundings, locally process data, share information on the Internet, and form adaptive
decisions on the basis of informative context[2]. The intelligence of I0E nodes lies in their ability to communicate, learn the
environment, and perform collaborative tasks.

Smart devices are a key component of loE-based systems. Among their many communication interfaces are cellular
technologies, Bluetooth, Wi-Fi, and near-field communication (NFC), so that transferring the data can be easily performed [3].
Also, they integrate vast varieties of embedded sensors and operate light operating systems designed to be run in real time and
resource limited environments, the so called IoT Operating Systems (IoT OSs).

An interface between sensor and wireless hardware and a system integration structure plays a vital role in facilitating
effective communication between sensor and actuator as per the need of the process[4]. These architectures based on
microcontroller-based systems provide the intelligence to process sensor-signals, impose operational constraints, and
dynamically restructure communication links[5]. The high adaptability and variety of these systems render them applicable in a
large scope of industrial and consumer applications of the 10T.

Embedded sensor networks provide the foundation for real-time monitoring and control in smart environments. With or
without actuators, these networks are composed of several geographically dispersed sensor nodes that work together to gather,
send, and retrieve environmental data[6]. The dynamic topology, node failures, and dense deployment require scalable and fault-
tolerant architectures to handle real-time actuation, an adaptive controller, and context-aware decision-making[7]. Sensor-
actuator integration is key to the success of 10E-based smart device networks.



Such systems have the ability to support sophisticated applications in industrial automatization, and smart home, sensor, and
environmental monitoring, and health care loT using embedded intelligence, context-awareness, and multi-modal
communication.

1.1. Structure of the Paper

This paper is organized as follows: in Section | introduce the topic and provide the objectives. In Section Il, the material
covers the basics of the sensor-actuator systems and the available communication protocols in the smart device networks. In
Section 111, the author talks about integration methods and control structures of smart devices. A long literature review of the
related works is given in Section V. Section V is the final section, summarizes the paper, and lists future research directions.

2. Essentials of Sensor-Actuator Systems

Sensor-actuator systems are foundational to cyber-physical and smart environments, allowing for automatic answers and
real-time data collection. A sensor detects environmental changes and relays the information to a processor, while an actuator
receives processed signals and performs physical actions[8]. The primary components of these systems are sensors, actuators,
embedded processors or controllers, power, and communication interfaces, which are integrated to promote intelligent
monitoring and control in various industries with examples including healthcare, manufacturing, transportation and smart
homes. Smart devices are highly diverse, simple electronic tags and smart cards to high-tech wireless-enabled devices, but are
based on their fundamental features. A smart device is a tangible object that has a processor, memory, sensor, actuator, a
network connection, and elements of a user interface. It should be mentioned, though, that being smart does not necessarily
imply being totally independent.

2.1. Components of Sensors and Actuators

In the Internet of Smart Devices, reliability refers to the likelihood that data sent from one device to another within the
network effectively received. A network of interdependent nodes and links is one way to think about the communication system
[9]. Reliability in this case is a factor that is based on the performance of each individual device as well as the stability of the
communication between the devices shown in Figure 1.
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Fig 1: Components of a Smart Device Ecosystem

A strong, smart device network makes sure that data is sent consistently and correctly, which is important for using apps

like smart homes, healthcare monitoring, and industrial automation. The most important parts are listed below.

e Sensors: These products have smart device sensors integrated into them to facilitate handling, control, and usage.
These gadgets pick up on and measure physical traits, then turn them into data signals that can be processed.

e Actuators: A machine that turns energy into motion or mechanical energy and moves something. The manufacturing
and industrial sectors are common places to find actuators in use [10]. Actuators come in three primary varieties:
electrical (AC and DC), hydraulic (using hydraulic fluid to provide motion), and pneumatic (using compressed air).
Solenoids, stepper motors, and DC and AC motors are examples of electrical actuators.

e Controllers: Devices that analyze data received by sensors, calculate actions according to the logic programmed inside
them and issue orders to act on the basis of commands to actuators.

e Gateways: Devices linking disparate networks or systems, converting or translating communication protocols and
providing interconnection between local devices and remote servers or the cloud

2.2. Role in Smart Device Networks

The sensor-actuator system is the core of any smart device network since it is used to connect parallel worlds and maintain
the fluid interaction between them via real-time sensing and automatic response. Such systems enable devices to effectively
track and respond to the changing needs of the environment, i.e., automatically change the lighting according to human
presence, adjust the HVAC system according to temperature, and humidity reports, or send alerts according to breaches of
security or equipment breakdowns[11]. Sensor-actuator systems have predictive maintenance, energy optimization, autonomous
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system behavior, and personalized services, incorporated by integrating with high-quality technologies like cloud computing,
edge analytics, machine learning, and Al-based decision-making models[12]. The most effective way to increase efficiency,
safety, and user-oriented flexibility of operation is to increase their application in industrial automation, transportation systems,
healthcare monitoring, smart cities, smart homes, and environmental surveillance.

2.3. Architecture for Smart Device Network Integration

loT projects in any field are usually broken up into several smaller platforms. Scalability and eliminating SPOFs are related
issues. A lack of standards in the 10T domain can lead to frequent challenges with 10T systems, including scalability, reusability,
and interoperability. To address these issues, this project aims to provide an experience-based conceptual framework for 1oT
project design and execution.
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Fig 2: Architecture for Smart Device Network
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A smart system architecture with three interconnected subsystems: Monitoring, Computing, and Control. The Monitoring
Subsystem collects data from sensors, the Computing Subsystem processes and stores the data, and the Control Subsystem
triggers actions through actuators based on the analysis, enabling real-time intelligent responses as shown in Figure 2. Here are
the Monitoring and control implementations are as follows:

e Monitoring Subsystem: Gathers information about its surroundings and operations from various sensors. They hand
over all the collected data to a local processor for the initial process, which may involve some filtering or
transmission.

e  Control Subsystem: This system follows instructions from the computing section and initiates actions involving lights,
machines, or vehicles. Information from sensors is translated into real-time tasks by actuators.

e Computing Subsystem: Makes sure that everything in the system functions properly. It manages the whole process
such as processing files, decision making, calculating and storing them. Mostly, it resides on the cloud and shares
information with the monitoring and controlling subsystems.

2.4. Integration Techniques of Sensor Accumulators

Sensor-actuator integration in smart device networks faces several key challenges. Latency is a major issue, as delays
between sensing and actuation can disrupt real-time responses[13]. Synchronization ensures that sensors and actuators operate in
time coordination, which is particularly challenging in distributed systems [14]. Power consumption poses a significant
constraint, especially for battery-operated devices, requiring energy-efficient designs. Finally, the network scalability comes into
play once it enlarges, which may contribute to a surge in data traffic, latency, and minor system instabilities. To construct
responsive, efficient, and reliable 10T systems.

2.4.1. Latency

Latency is the delay in the time interval between an event being sensed and the relevant actuation being executed. A latency
constraint takes into consideration the delay that is used when the source is able to transfer the voice or data and is as simple as a
single-hop data transmission between two nodes to a compound scenario where a user requesting data is subjected to a several-
hop transmission of the data across the network.

2.4.2. Synchronization

The time synchronization of sensor and actuator functions in time [15]. A critical integration issue in smart devices
networks and real-time systems is synchronization: it makes all parts of a system act according to each other and in a timely
fashion.
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2.4.3. Power Consumption

Energy consumption of sensors, actuators and communication modules. The drawback on power consumption can be a
major integration issue in smart systems, especially in the loT products, Wireless sensor networks, as well as embedded systems.
Power consumption has a general effect on the efficiency and sustainability of the network overall and particularly when used in
large scale deployments.

2.4.4. Scalability

Scalability is one of the main integration challenges in smart systems, and it is defined as the capacity to effectively process
rising amounts of devices or data without impairing performance [16]. With networks, there are problems of communication
overload, data management and coordination of various systems that arise as the networks increase in size.

2.5. Communication Protocols and Standards

The operational state of sensor-actuator networks within the smart device ecosystems depends on efficient and reliable
communication. Selection of communication protocols, and the related conformance to standards, play an important role as far
as the performance of the systems, along with scalability and interoperability are concerned[16]. In this section, this paper
compares the features of wired and wireless communication, evaluates the commonly used 0T communication protocols, states
the requirements in real-time communication and the issues related to creation of interoperability and standardization. Sensor-
actuator systems are also lightweight in order to exchange data efficiently, Below is explained:

2.5.1. Zigbee

Zighee is the most popular because it is easy to use and supports the 802.15.4 standard. A popular device that takes
advantage of low power and bit rate is Zigbee. It draws its inspiration from WPAN and is built on the wireless mesh network
standard[17]. The Zigbee technologies are created, supported, and maintained by the Zigbee Alliance organization.
Enhancements to this standard include data encryption, authentication, routing, and forwarding, among other features.

2.5.2. 6LOWPAN

IETF also developed IPv6 for use with 6LoWPANS, or low-power personal area networks. The need for IP addresses that
are stable, scalable, and secure is growing in response to the proliferation of 10T smart devices. When a large number of IP
addresses is required, IPv6 is an effective and enabling technology[18]. 6LoWPAN allows IP connectivity in systems with
limited resources by transporting IPv6 packets across IEEE 802.15.4 networks.

2.5.3. LoORAWAN

The word "Low Power Wide Area Network," (LPWAN) for short, is one way to connect all those 10T devices. This
technology goes in the opposite direction of short-range cellular networks and features cheaper, more durable, and more widely
distributed devices with better communication range and battery life. The Long-Range Wide Area Network (LoRAWAN)
initially emerged as an attempt to enhance LPWAN with regard to capacity, cost, energy consumption, and range.

2.5.4. Z-Wave

Z-Wave is another low-power wireless networking standard [19]. Sigma Design Inc. was responsible for its design. When it
comes to small-scale commercial and smart home remote control applications, Wave is the way to go. Z-Wave enables devices
to exchange data through communication and is primarily intended for use in smart home hubs.

2.5.5. Bluetooth Low Energy (BLE)

The summary of Bluetooth Low Energy (BLE) was the responsibility of the Bluetooth Special Interest Group (SIG) [19].
This is provided in Bluetooth Protocols in version 4.0. When compared to the normal Bluetooth, it is significantly more
efficient in reducing the cost of the device and the amount of energy it consumes.

3. Integration Techniques & Control Architecture in Smart Devices

Smart devices integration methods and real time monitoring and control system entails seamless unification of sensors,
actuators, microcontrollers, communication modules and cloud platform so that smart devices can operate intelligently and in a
contextual manner. Real-time monitoring is made possible by continuous sensor feedback and data analytics, while control
methods rely on automation algorithms and feedback loops to make decisions[20]. These designs can support such capabilities
as energy optimization, predictive maintenance, and user-centric design, which are in high demand in applications include smart
homes, smart cities, healthcare monitoring, and industrial automation.

3.1. Integration Techniques of Sensor Actuators for Smart Devices

The sensor-actuator system integration methods guarantee smooth communication, control, and coordination among the
components. Such common ones are middleware platforms, real-time operating systems, and standard communication protocols.
These methods are useful in controlling data flow, synchronization, and device interoperability which allows effective
monitoring and control of smart environment such as 10T, automation, and industrial systems.
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3.1.1. Direct Integration
In direct integration, there is a close connection between sensors and actuators and information directly flows to the other
without any extra layers. As far as this strategy is simple to apply and quick, it is not so flexible and is not so scalable.

3.1.2. Middleware-based Integration

The ability to add sensors, actuators and controllers in this way provides an additional layer which manages communication
and data management. It enables devices to collaborate, evolve, and grow without directly connecting the software and hardware
of devices.

3.1.3. Cloud-Based Integration

Cloud integration stores information to be stored, processed and analyzed in the cloud. It offers scalable resources, simple
access, and powerful computing to deal with sensor actuator networks in large scale[21]. With the help of the cloud, it is
possible to carry out sophisticated analysis and store data over a long time, as well as monitor activities remotely.

3.1.4. AI/ML-Enhanced Integration

The application of Al based on the incorporation of Al and ML algorithms in a manner that would make data analysis,
decisions and automation more judicious. Al/ML can be applied to make smart device networks more prolific and adaptable and
assist in maintaining self-managed processes in smart homes, healthcare, and industrial 10T.

3.2. Real-Time Monitoring and Control Architecture

The application of real-time monitoring and control architecture allows the collection of sensor data and quick processing of
sensor data, and immediate responses with actuators, which is part of system stability and performance. Stratified components
like data gathering, processing units, and feedback control loops are often what define it Figure 3.
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Fig 3: Al and lot-Based Sensors Integration for Monitoring and Controlling

It is important to have synchronization and low latency so that the operation in smart device networks can be accurate and
responsive. The following elements make up a smart system architecture for real-time device monitoring and control:

e  System Architecture Design: This is simply the plan of how all the parts of the system combine. It depicts the process
of integration of sensors, actuators, controllers and communication devices. Imagine it is a map or diagram that aids in
comprehending the flow of the information and how every bit functions in the real time.

o Data Acquisition and Processing: This section discusses the continuous acquisition of data by sensors by the system
and its rapid processing to make sense of what is going on[22]. This is aimed at having real time information such that
decisions and actions may be undertaken promptly.

e Feedback and Control Loops: This would be a thermostat that would monitor the temperature in a room and adjust the
warmth accordingly. This part describes the sensor data as an automatic controller of devices by cycling sensors,
decision making and acting to maintain an efficient and stable system.

e Timing and Synchronization Mechanisms: To ensure that everything works well, every component of the system must
be synchronized to operate within the same schedule. This part explains the way devices coordinate their actions and
data exchange to ensure responses are made on time and the system is reliable.
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3.3. Challenges and Applications of Real-Time Monitoring and Control
The challenges and applications of smart devices are as follows:

3.3.1. Latency and Timing in Critical Systems

Real time applications should have the capabilities of responding immediately such as smart transport systems, healthcare
monitoring and industrial robotics. Such aspects as delays and failures should also be avoided, and optimized protocols, not to
mention optimal scheduling, should have a very significant part in this issue.

3.3.2. Scalability and Network Congestion

The flywheel development of smart devices is likely to create congestion in networks in such fields as smart homes, 10T,
and environmental surveillance. Dynamic traffic analysis and scale architecture is important to ensure that various loads do not
hinder the performance of the system.

3.3.3. Fault Tolerance across Environments

The automation of industries, smart agriculture, and healthcare systems must be easily comprehensible such that when the
hardware stops functioning, or communication drops off, the system remains operational. This makes the requirement of
redundancy techniques, alternative communication paths and error correction options to offer resilience.

3.3.4. Smart Homes and Buildings

Smart homes allow automation and energy efficiency using the sensor-actuator integration that enables the applications to
intelligently control lighting, heating, ventilation, and air conditioning, intrusion detections as well as control of amenities[23].
These systems are convenient, comfortable and safe as they can adjust to the real time user behaviours and the environment
conditions.

3.3.5. Industrial Automation (110T)

Sensor-actuator networks are essential for predictive asset and maintenance, quality control, and industrial process
automation. They aid current-time collection and actuation of information on manufacturing lines, robotic systems, and critical
infrastructure, which leads to higher productivity, safety, and operations visibility.

3.3.6. Healthcare and Wearable Devices

Medical devices and wearable sensors measure physiological parameters and alert or prompt an intervention following the
anomalous detection. Real-time control can benefit personalized therapy in treating health conditions and managing chronic
diseases and also in treating or tracking a patient in a remote setting.

3.4. Recent Advances and Emerging Trends in Smart Devices

Emerging technologies are transforming sensor-actuator systems through intelligent decision-making, enhanced
connectivity, and secure, adaptive integration. Al and machine learning enable real-time analysis of streaming data for anomaly
detection, predictive maintenance, and adaptive control, optimizing actuator responses. Digital twins offer virtual replicas of
sensor-actuator environments, supporting simulation, diagnostics, and predictive validation to enhance system reliability.

4. Literature Review

Recent studies have demonstrated the growing significance of ML and power substations, smart cities, water quality, and
agriculture, among other industries, using the 10T in real-time control and monitoring systems. Approaches utilizing LSTM,
reinforcement learning, and cloud platforms have improved responsiveness, fault detection, and energy efficiency.

Sehrawat and Gill (2019) presents a number of sensor-based Internet of Things applications and displays a number of loT
sensors. Additionally, after looking at several sensor applications, this article explains which 10T application requires which type
of sensor. Future research in the same area built upon this work. One innovative technology is the 1oT. With trillions of sensors
and actuators, it is transforming the world by making surroundings intelligent. Sensors are seen as a potential area of study in
science. In order to create a shared operational picture, ubiquitous sensing capabilities provide shared information. 10T sensors
are effectively employed in a range of 10T applications to establish a smart environment[24].

Gadiyar et al. (2018) Examine the risks to the security of smart homes and determine how they impact overall system
security. In the context of smart homes, it determined security requirements and solutions. They have also made an effort to
address a few login problems. Smart homes and smart cities are only two of the numerous services and applications that the 10T
may make possible. In the framework of the offered service, 10T smart objects communicate with other elements, including as
proxies, mobile devices, and data collectors, for administration, data exchange, and other purposes. Owners' positions,
movements, necessary signage, useful utilization, and the temperature and humidity levels of spaces are all sensed and
monitored by sensors included at different points in houses, businesses, and even clothing, equipment, and utilities[25].
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Saraf and Gawali (2018) The suggested solution leverages real-time input data and is based on the IoT. Via a wireless
sensor network, the smart farm irrigation system remotely monitors and controls drips using an Android phone. Sensor nodes
and base stations can be connected using Zigbee. The server's web-based Java graphical user interface handles and displays real-
time detected data. With the use of an Android phone, field irrigation systems may be remotely monitored and managed,
eliminating the need for human involvement. A compelling answer to the massive volume of data produced by wireless sensor
networks is cloud computing. In order to monitor and manage a collection of sensors and actuators to determine the water
requirements of the plants, this study suggests and assesses a cloud-based wireless communication system[26].

Calderén Godoy and Gonzalez Pérez (2018) enhances the initial step of implementing the Industry 4.0 concept by linking a
legacy Flexible Manufacturing System. Sensors, actuators, and controllers are coupled to the fieldbus PROCESS FIELD BUS
(PROFIBUS) in such a system. Using a hardware and software strategy that includes Ethernet connectivity, the network of
sensors and actuators and a supervisory system are effectively connected. The goal of this research is to help outdated systems
shift to the demanding Industry 4.0 framework. The experiment's findings demonstrate that the FMS functions properly and that
the concept is workable[27].

Mejias et al. (2017) several open-source software programs created specially to address the various problems with sensor
and actuator access, together with two recommended low-cost hardware designs that are compatible with the software tools
mentioned above. They simplify the integration and accessibility of nearby or remote sensors and actuators. The software tools
included in the free authoring tool Easy Java and JavaScript Simulations (EJS) solve interaction problems between the Human
Machine Interface (HMI), which is developed using the user-friendly graphical system of EJS on the user's computer, and the
subsystem that integrates sensors and actuators into the network—referred to in this paper as the convergence subsystem.
Experimental implementations of the suggested software tools and hardware designs are provided, along with descriptions of the
tools[28].

Gonzélez et al. (2017) offers a unique OPC-based architecture for the implementation of automation systems used for
research and development and teaching. The proposal is a new conceptual framework that categorizes the various components
into four functional levels to facilitate the systematic development and implementation of automation systems utilizing OPC
communication. The suggested design offers properties like open connection, dependability, scalability, and flexibility because
of the advantages of OPC. Additionally described are four fruitful experimental implementations of this idea created at the
University of Extremadura (UEX). These illustrations show how this architecture might promote interoperability in a number of
domains[29].

The evaluated literature is summarized in Table 1, which also includes the study's focus, methodology, main findings,
limitations, and suggestions for the future

Table 1: Literature Summary Based On Real-Time Monitoring And Control In Smart Device Networks

Reference Study On Approach Key Findings Challenges Future Direction
Identified types of
sensors required for Providing a
Survey and . - . .
loT sensors and . . different loT Security issues in foundation for
Sehrawat . comparative analysis e ) ]
X loT applications : applications; 10T environments; advanced sensor-
& Gill of various loT L L
(2019) that rely on sensors and their highlighted the role Authentication based loT research
Sensors " of ubiquitous sensing vulnerabilities and designing more
applications . .
in creating smart secure 10T systems
environments
Identified major Lack of strong
h . S Development of
. security attacks in authentication
Analysis of sensor i stronger
. I ; smart homes and frameworks; .
Gadiyar et loT security in deployments in smart . cryptographic
; evaluated their Vulnerable :
al. (2018) smart homes environments and . i S mechanisms and
. impact; proposed communication A
security assessment - . holistic smart home
partial solutions for between loT .
Do security models
authentication issues components
Demonstrated Further
Monitoring in real efficient real-time - enhancement of
. . . Lo . Network reliability
time with an Android | irrigation monitoring . . cloud-loT
Smart farm issues; Data . .
Saraf et.al. L - app, cloud support, and reduced human i ; integration and
irrigation using ) : . - latency; Device .
(2018) ZigBee connection, intervention; . . adoption of Al-
loT . . integration
and Wireless Sensor implemented cloud- complexit based smart
Network (WSN) based WSN for plant plexity irrigation
water assessment predictions
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Demonstrated
: feasible migration of
Enhancing _ Full-scale
Calderon connectivity in Hiirtiwgt?o; Z%fé\i/\r/]are Iegle:]%:%;stimos. 0 comL:ar':?kI;ielﬂ of migration strategies
Godoy legacy Flexible h g ng ya.l | P y. for large industrial
et.al Manufacturing Ethernet connectivity Impro_ved_ old systems; environments and
(Zdlé) Systems (FMS) to PROFIBUS-based communication Integration cvber-phvsical
fys systems between sensors, overhead yber-physica
or Industry 4.0 actuators. and system integration
supervisory systems
Develoned open- Enabled simple and
ped op low-cost access to .
Open-source tools | source software (EJS) . . ... | Expanding open-
. . local/remote sensors; | Limited scalability;
Mejias et for accessing and two hardware Resolved HMI— Hardware source platforms
al. (2017) sensors and architectures to converaence constraints for large-scale loT
actuators interface with subsvstem 31 teraction deployments
sensors/actuators Y issues
Achieved open Enhancing OPC
OPC-based Developed a four- 1 op integration with
. . connectivity, Need for broader
Gonzalez automation layer OPC - . . . L 11oT and
. . flexibility, scalability, | industrial adoption; .
et al. framework for architecture with . - R supporting
(2017) R&D and experimental and interoperability | Compatibility with heterogeneous
. | &Xp X across automation evolving protocols terogen
education implementations aoplications industrial
PP communication

5. Conclusion and Future Work

In this paper on Effective Sensor-Actuator Integration Methods for Monitoring and Controlling Smart Device Networks in
Real Time, the author provides an in-depth discussion of communication protocols and integration architecture, which play a
critical role in ensuring the smooth interaction of smart environments. Through the study of direct integration, middleware-based
systems, cloud-centric platform, and Al/ML-enhanced systems, the work has pointed out the significance of low-latency
communication, synchronization and real-time responsiveness. These results are supported by the literature review in other
spheres, including power systems, agriculture, water monitoring, and construction, proving the efficiency of 10T technologies
and innovative machine learning models, including LSTM and reinforcement learning. Such solutions improve predictive
maintenance, anomalies, and general efficiency of operations. Sensor-actuator integration is a field that is constantly changing
and provides high possibilities of innovation.

Future studies can consider adaptive and self-healing networks and implementations using technologies like federated
learning of privacy-preserving intelligence, blockchain of secure and tamper-free communication, and edge Al of real-time and
on-device decision-making. In addition, decentralized architecture design can be used to improve scalability of systems, and
intelligent scheduling algorithms can be used to maximize the energy efficiency. They can be used to accomplish robust,
context-aware automation in many areas, such as smart cities, industrial 10T, and healthcare ecosystems, and turn them into
more resilient, responsive, and intelligent environments.
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