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Abstract: The Internet of Things (IoT) concept is evolving rapidly and influencing new developments in various application domains, 

such as the Internet of Mobile Things (IoMT), Autonomous Internet of Things (A-IoT), Autonomous Sys-tem of Things (ASoT), Internet of 

Autonomous Things (IoAT), Internet of Things Clouds (IoT-C) and the Internet of Robotic Things (IoRT) etc. that are progressing/advancing 

by using IoT technology. Artificial intelligence (AI), robotics, machine learning, and swarm technologies will provide the next phase of 

development of IoT applications. In this paper, the areas of application of internets of robotics things are given. 
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1. Introduction 

Robotic system has brought tremendous changes in various 

socio-economical aspects of human society during the past decades. 

In the last few years, the need for an improvement of quality of 

human life has led to more and more production models of 

personalized and digital services. 

Artificial intelligence (AI), robotics, machine learning, and 

swarm technologies will provide the next phase of development of 

IoT applications. 

Robotics systems traditionally provide the programmable 

dimension to machines designed to be involved in labour intensive 

and repetitive work, as well as a rich set of technologies to make 

these machines sense their environment and act upon it, while 

artificial intelligence and machine learning allow/empower these 

machines to function using decision making and learning algorithms 

instead of programming. The combination of these scientific 

disciplines opens the developments of autonomous programmable 

systems, combining robotics and machine learning for designing 

robotic systems to be autonomous [1]. 

Smart services are becoming increasingly fundamental with the 

growth of the fourth stage of industrialization, also addressed as 

Industry 4.0, where new disruptive technologies are changing both 

industrial and research fields. 

The use of communication-centered robots using wireless 

communication and connectivity with sensors and other network 

resources has been a growing and converging trend in robotics. A 

connected or networked robot is a robotic device connected to a 

communications network such as the Internet or LAN. The network 

could be wired or wireless, and based on any of a variety of 

protocols such as TCP, UDP, or 802.11. Many new applications are 

now being developed ranging from automation to exploration. IEEE 

Society of Robotics and Automations Technical Committee on 

Networked Robots  defines two subclasses of networked robots: 

 Tele-operated robots, where human supervisors send 

commands and receive feedback via the network. Such 

systems support research, education, and public awareness by 

making valuable resources accessible to broad audiences. 

 Autonomous robots, where robots and sensors exchange data 

via the network with minimum human intervention. In such 

systems, the sensor network extends the effective sensing 

range of the robots, allowing them to communicate with each 

other over long distances to coordinate their activity. 

Networked robots require wireless networks for sharing data 

among multiple robots, and to communicate with other, more 

powerful workstations used for computationally expensive and 

offline processing such as the creation of globally consistent maps 

of the robots environment. This connectivity has strong implications 

for the sharing of tasks among robots, e.g. allowing teleoperation, as 

well as for human-robot interaction (HRI) and for on-the-fly 

reprogramming and adaptation of the robots on the network. The 

evolution of these systems has now reached the consumer market, 

for instance, to support remote meetings and as telepresence health-

care tools. Cloud robotic systems have also emerged, to overcome 

the limitations of networked robotics through the provision of 

elastic resources from cloud infrastructure, and to exploit shared 

knowledge repositories over the Internet, making robots able to 

share information and learn from each other [2]. 

The IoT technologies and applications are bringing fundamental 

changes in individuals and society’s view of how technology and 

business work in the world. Citizen centric IoT open environments 

require tackling new techno-logical trends and challenges. 

The concept of IoRT goes beyond networked and 

collaborative/cloud robotics and integrates heterogenous intelligent 

devices into a distributed architecture of platforms operating both in 

the cloud and at the edge. IoRT addresses the many ways IoT today 

technologies and robotic devices convergence to provide advanced 

robotic capabilities, enabling aggregated IoT functionality along 

with novel applications, and by extension, new business, and 

investment opportunities not only in industrial domains but in 

almost every sector where robotic assistance and IoT technology 

and applications can be imagined (home, city, buildings, 

infrastructures, health, etc.) [3]. 

IoRT represents the core of robotics-embedded IoT systems, 

where cloud computing and networking can be implemented to 

accomplish elaborated tasks, allowing robots to share, network, and 

gather different kinds of information among both humans and 

machines. A scheme of robotics, cloud computing, and IoT 

integration can be observed in Figure 1. 

 

  

Fig. 1 Internet of Robotic Things. 

 

Internet of Robotic Things definition: A global infrastructure 

for the information society enabling advanced robotic services by 

interconnecting robotic things based on, existing and evolving, 

interoperable information and communication technologies where 

cloud computing, cloud storage, and other existing Internet 
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technologies are centered around the benefits of the converged 

cloud infrastructure and shared services that allows robots to take 

benefit from the powerful computational, storage, and communi-

cations resources of modern data centers attached with the clouds, 

while removing overheads for maintenance and updates, and 

enhancing independence on the custom cloud based middleware 

platforms, entailing additional power requirements which may 

reduce the operating duration and constrain robot mobility by 

covering cloud data transfer rates to offload tasks without hard real 

time requirements [3]. 

2. Internet of Robotic Things Architecture 

 

The key architecture of the IoRT systems, as depicted in Figure 

2, consists of three main layers:  

1. Physical layer,  

2. Network and Control layer, and  

3. Service and Application layer. 

 

Fig. 2 Internet of Robotic Things Architecture 

 

The Physical layer represents the lowest level of the IoRT 

architecture, which includes robots, sensors, and actuators. 

Generally speaking, the word robot refers to vehicle, drones, 

unmanned vessels, and so on. The words sensor and actuator, on the 

other hand, refer to any kind of system used to perceive and act in 

the environment, respectively, considering a wide set of systems 

ranging from home appliances to industrial sensors. Robots 

cooperate to develop multi-robot systems, which integrates multiple 

agents operating in the same environment [4]. 

The second layer of the IoRT architecture includes controllers, 

routers, servers, and various communication and control protocols. 

The Service and Application layer represents the top level of the 

IoRT architecture, which includes the implementation of programs 

in order to control, process, and analyze both environmental 

parameters and agents (robots, sensors, and actuators) in smart 

environments. 

 

3. Internet of Robotic Things Applications 

 

Patents for robotics and autonomous systems have swelled in 

the last decade. It is estimated that more than $67 billion will be 

spent world-wide in the robotics sector by 2025, compared to only 

$11 billion in 2005, reaching the compound annual growth rate 

(CAGR) of 9%. Besides robots employed in industry and factory 

automation, service robotics for use in domestic, personal, and 

healthcare settings is the fastest growing sector. Research interest in 

service robotics for assistance and wellbeing has grown during the 

last few decades, particularly as consequence of demographic 

changes. Maintaining a healthy lifestyle and trying to achieve a 

state of well-being helps to improve life conditions and increase its 

durability. Service robotics could focus on early diagnosis and 

detection of risks, to develop prevention programs. Thus, it is 

possible to use robots to perform physical activity at home, or 

planning a proper nutrition program, based on the user’s needs. 

Personal wellbeing management robots can also provide services 

for people who are alone, or live isolated from their families. These 

robots can both detect physiological parameters and transmit them 

to the doctor in real time and interpret the emotional state of the 

user and interact accordingly [5]. Figure 4. illustrates the evolution 

of robots in different application areas. 

 

Fig. 3 Robots classification per application areas 

 

3.1. Predictive and Preventive Maintenance 

Machine maintenance for robots and IoT equipment is quite 

expensive because dedicated equipment is necessary to execute that. 

For instance, maintaining certain equipment may include a 

preventive maintenance checklist which includes small checks that 

can significantly extend service life. All this information needs to 

be processed by the maintenance robot in real time or at least in the 

few minutes before the maintenance is scheduled to assess the best 

conditions to perform the maintenance. 

The primary goal of maintenance is to reduce or mitigate the 

consequences of failure of the devices and the systems associated in 

their operation and or the equipment around them. IoRT not only 

look at preventing the failure before it occurs but ideally define 

planned maintenance schemes and conditions based on maintenance 

that will help to achieve certain levels of good operation. 

Figure 3. shows an example of a wireless mesh network for 

predictive maintenance. 
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Fig. 4 Example of a wireless mesh network for predictive 

maintenance. 

Maintenance includes preventive (partial or complete) 

overhauls at specified periods, as per example, cleaning, lubrication, 

oil changes, parts replacement, tune ups and adjustments, and so on. 

In addition, calibration can also be considered a part of the 

maintenance, workers usually record equipment deterioration so 

they know to replace or repair worn parts before they cause system 

failure. IoRT should take care of these conditions and even beyond 

that the ideal IoRT machine maintenance program would prevent 

any unnecessary and costly repairs [4]. 

3.2. Autonomous Manufacturing 

More than 1.4 million new industrial robots will be installed in 

factories around the world. While the acquisition costs for such 

robots are continuously decreasing, the costs for programming them 

for their specific tasks and environments are still very high. For the 

future, researchers are working on ways to reduce these costs for 

programming industrial robots, particularly, by making them more 

and more autonomous through increased intelligence [6]. 

A typical IoRT-based robotic manufacturing shop floor is 

shown in Figure 5. 

Fig. 5 IoRT-based robotic manufacturing. 

In this context of increasing autonomy, technologies such as 

IoT & cloud infrastructure can be used to collect, analyse and 

visualise real-time production performance indicators, usually to 

inform existing optimization processes, while results from multi-

agent systems, and adaptive middleware, can provide advanced 

suitable coordination and communication protocols to coordinate 

the operations of multiple robots. The ability of robots to interact 

and collaborate with human co-workers and ultimately learn from 

these co-workers on how to conduct a task will be crucial in the 

future. 

3.3. Autonomous Logistics, Delivery, e-commerce and 

Warehouse Automation 

The applications in warehouse robotics for IoRT come in 

response to the rise of e-commerce, where collaborative robots, 

work alongside human warehouse worker. Logistics firms can use 

collaborative robots should to ease some of the workforce 

shortages, and make the work less physically demanding (Figure 6). 

Delivery using self-driving robots is one typical application for 

IoRT with fleets of robots, which are designed to operate on the 

pedestrian side and make deliveries within 3-5 kms radius, carrying 

loads weighing as much as 10 kgs, at speeds of up to 8-10 km/h [7].  

Fig. 6 The inVia Robots application. 

The robotic fleets can be monitored remotely and standing by to 

drive the vehicles remotely if the robots encounter situations are not 

able to perform in autonomous driving mode. 

3.4. Autonomous Home Appliances, and Personal Robots 

Personal robots mainly refer to the consumer robotics industry 

and include solutions to provide services to individuals in personal 

and household applications. They are likely to be mass-produced 

and bought or leased by untrained, or minimally trained people in 

everyday unstructured environments. 

Domestic environments represent a major place to integrate new 

technology; several domestic service robots have been introduced as 

consumer products for the household chores, with a various 

portfolio of floor-cleaning robots, lawn-mowing robots, security 

robots, cat litter box robots, decluttering robots, etc. 

Aido is the next generation social family robot. Smart, 

interactive, and uniquely mobile, Aido is the first social robot that 

can move around your home/office to help improve lifestyle. He 

can play with kids, help with household chores, handle schedule, 

and keep home connected and safe (Figure 7) [8]. 

Fig. 7 Aido robot. 

Personal robots represent a new generation of robots that will 

safely act and interact in the real world of complex environments, 

and with relatively limited energy consumption and computational 

resources. 

3.5. Healthcare Assistants 

Combining IoT with AI and robotic components to deliver 

practical, modular, autonomous and self-adaptive IoRT systems has 

thus the potential to complement and improve the effectiveness of 

INTERNATIONAL SCIENTIFIC JOURNAL "INDUSTRY 4.0" WEB ISSN 2534-997X; PRINT ISSN 2534-8582

158 YEAR V, ISSUE 4, P.P. 156-159 (2020)



existing care practices by providing automated, continuous 

assessment of users conditions and support both self-care and 

assistive services that can be constantly in tune with user's 

requirements. One example is the use of humanoid robots in the 

dementia ward of an elderly care home. Using wearables and 

environmental sensors, behavioural disturbances like shouting and 

wandering are detected and used as a trigger to send a robot to start 

a personal intervention to temporarily distract the resident. 

RIBA-II, the next generation Japanese healthcare robot 

developed by researchers at RIKEN and Tokai Rubber Industries 

(TRI), a Japanese government-run research body that surveyed 

nursing homes to find that lifting patients was the most tiring thing 

for workers, who carried that out on average 40 times every day 

(Figure 8) [9]. 

Fig. 8 Riba II robot. 

RIBA II robot will benefit healthcare workers as it can lift a 

patient of up to 80KG in weight from the floor or a bed and then it 

can move them to either a bed or a wheelchair. 

3.6. Cleaning and Inspection Appliances 

The IoRT application area with potential for further grow are 

the service robots for inspection, cleaning and maintenance. In these 

applications drones can be used in conjunction with sensors 

mounted on hard to reach places, such as wind turbines or high-

voltage transmission lines. Service fleets of robots are used in 

specific dangerous, monotonous or unreasonable jobs for humans. 

Examples are pipe inspections and cleaning, sewer system 

inspection that detects and map damage highly precisely and facade 

cleaning robots (Figure 9.) [10].  

Fig. 9 Cleaning and inspection robots. 

Other examples include autonomous robotic systems that enable 

safe and cost-effective underwater cleaning and inspection of bridge 

substructures. 

4. Conclusion

Combination of Robotics, IoT and Artificial Intelligence results 

in robots with higher capability to perform more complex tasks, 

autonomously or cooperating with humans. With IoT platform, 

multiple robots can get easily interconnected between them and 

with objects and humans, facilitating the ability to transfer data to 

them without human to computer or human to human interaction. 

Reasoning capabilities coming from the use of machine learning, 

also exploiting cloud resources, for example, brings beneficial 

effects in terms of system efficiency and dependability, as well as 

safety for the user, and adaptive physical and behavioural human-

robot interaction/collaboration. 

Internet of Robotic Things allows robots or robotic systems to 

connect, share, and disseminate the distributed computation 

resources, business activities, context information, and 

environmental data with each other, and to access novel knowledge 

and specialized skills not learned by themselves, all under a hood of 

sophisticated architectural framework. This opens a new horizon in 

the domain of connected robotics that we believe shall lead to 

fascinating futuristic developments. 
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