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Abstract Since last two decade robotics is one of the emerging, challenging,
developing and innovative fields of research among researchers, industries uni-
versities. It is very difficult to distinguish robots from other machines; robots can be
defined as machines that are capable of perform variety of task with more autonomy
and degree of freedom (DoF) than humans. Nowadays healthcare services and
systems become very complex and encompass a vast number of entities that are
characterized by shared, distributed, and heterogeneous devices, sensors, and
information and communication technology. With the advent of Internet of Things
(IoT), robots are integrated as a ‘thing’ and establish connections with other things
over the Internet. This chapter clearly indicates the long term benefits of human
being in healthcare sector, medical emergencies, e-health, etc. using robotics and
IoT. Also, the phase of adoption, interaction, challenges for future is to be
discussed.
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1 Introduction

Today, a good percentage of world population is aging rapidly and co-morbidities
will continue to rise largely as a result of lifestyles associated with economic
development such as smoking, obesity, harmful consumption of alcohol, unhealthy
diet and sedentary lifestyle. According to World Health Organization
(WHO) report, the healthcare Internet of Things (IoT) market segment is poised to
hit USD 117 billion by 2020. Increasingly, Internet of Things start-ups are finding
new applications within healthcare and leveraging connected sensors to better
diagnosis, monitor, and manage patients and treatment. Many are focused on
clinical-grade wearable to more robustly track patient data, while others see
opportunity for sensor networks within hospitals and practices to optimize
healthcare delivery and monitor patient adherence [1].

As IoT having features of reconnect with different entities like apps, devices and
people interaction, which gives the better solution for healthcare and medical
industry. Thus, it is clear that IoT offering new promises with great efficiency to
ensure safety and care of patients, cost reduction, value of treatment as a future
healthcare and medical systems. The major advantage of the IoT driven healthcare
units include the following:

• Decreased costs of medical treatment
• Improved outcomes of treatment
• Improved diseases management
• Reduced errors
• Enhanced patient experience
• Enhanced management of drugs

With the rapid development in the field of robotics, machine learning and IoT,
we have all the pieces of technology to make this happen and it’s just a matter of
time when this technology pieces will be integrated to transform our way of living.
Robotics deals with programmed machines designed to do labour intensive work.
Machine Learning is the science of getting computers and machines to function
without being programmed to do so. The combination of Robotics and Machine
Learning results in Robots with the capability to do the jobs on their own. Machine
Learning tasks can start with supervised learning, then moving to a semi-supervised
state and then unsupervised learning. It basically contains the essence of statistical
pattern recognition, parametric/non-parametric algorithms, neural networks, rec-
ommender systems, etc. Machine Learning is and advanced state of intelligence—
With Internet of Things (IoT), multiple robots can get interconnected. IoT platform
provide unique facility to interconnection between objects or people, transfer data
between the two without human to computer or humans interaction. IoT can be
applied to monitoring and capturing data from anything and everything connected
to a network—e.g. media, environment monitoring, infrastructure management,
manufacturing, energy management, building and home automation or transporta-
tion, medical and healthcare systems.
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The organization of chapter as follow: Sect. 2 presents the field of robotics with
its applications, growth, demands, and future challenges. In Sect. 3, we discuss
about Internet of Things (IoT) probable architecture (or structure), applications and
challenges for implementation. In Sect. 4, the main topic is to be presented that how
robotics plays a vital role in IoT based healthcare applications. The last part of the
chapter includes future open research problems and conclusion.

2 Robotics

2.1 History and Definition

In 1921, Czech writer Karel Capek introduced the word “Robot” in his play R.U.R.
(Rossuum’s Universal Robots). “Robot” in Czech comes from the word “Robota”,
meaning “compulsory labour”. The word robot was defined by the Robotic Institute
of America as ‘a machine in the form of a human being that performs the
mechanical functions of a human being but lacks sensitivity’. As per Issac
Asimov’s series of robots in 1940s story, there are basically three main laws of
robots are as under:

a. A robot may not injure a human being, or, through inaction, allow a human
being to come to harm.

b. A robot must obey the orders given it by human beings except where such
orders would conflict with the First Law.

c. A robot must protect its own existence as long as such protection does not
conflict with the First or Second Law.

A prime application or intense behind the invention of robots was to work like
humans, but as it was developed step by step and adding features it shows that it can
do more than it was developed. Till today applications of robotics in many areas to
be developed but there are still new scope are available in this area. A simple
definition of a robot is: ‘any machine programmed to do work’. However, basic
machine automation is now so commonplace that this classic definition is being
replaced with a more apt phrase—‘a machine with intelligence’. The field of
robotics comprise by telemanipulators and numerical control systems.

2.2 Medical Robotics

For healthcare and medical industries robots are performed integrated duties using
the field of mechanical and electronics, like force or movement measurement or
domain, sensor system technology, etc. The concern duties done by robots are total
care of patients, rehabilitation, artificial prosthetics, medical interventions if needed,
e-health, monitoring [2].
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According to that definition, medical robotics is considered to have a huge value
in healthcare in terms of health, societal, and economical benefits. Robotics can
offer solutions for a significant proportion, especially for patient groups with certain
needs such as amputees, strokes suffers, or cognitive or mental disability patients.
Depending upon applications, and market analysis, there are six areas of medical
robotics:

• Smart medical capsules
• Surgical robotics
• Prosthetics using Surgical robots
• Motor co-ordination analysis and treatment by robots
• Robot assisted mental and social therapy
• Robotized patient monitoring systems [3].

2.3 Applications of Robotics in Healthcare Paradigm

In surgery, medical robotics proved that with it both timing and risks are reduced.
Due to its widespread, today prostate and cardiac procedures performed by robots
in many countries. Robots also proved its ability in rehabilitation and in intelligent
prostheses. Nowadays, social robotics is a challenging branch being developed
having a capabilities of monitoring and motivating the patients. The market growth
of medical and healthcare robotics is about USD 17.9 from 2014 to 2020, this is due
to presence of medical robotics in healthcare industry [4].

The growing demand of information technology in healthcare and medical sector
leads to robotics into it. In addition, robotics having advanced applications in
healthcare domain boosts market growth in upcoming years. As the world popu-
lation increases the use of minimally invasive robotic surgeries increases which will
provides sustainability to the disorders such as neurological, orthopaedics and
others. Countries like India, Brazil and China having lots of possibilities in this
sector, will boost new opportunities to researchers and scientists to do more effort
and adopt new technologies [4]. A market growth for robotics applications shown
in Fig. 1.

It is obvious that the ability of computer integrated systems (CIS) provide more
accuracy for surgeon’s technical capability in term of current procedures or by
making it possible in any abnormal environment. In such a cases the advantages by
humans or by robot describes in Table 1.

Other advantages by CIS for surgical use are as:

• It gives technical solution in different procedures.
• By help of this, it is easy to monitor online all information which requires for

surgery.
• Its working in delicate anatomical to dangerous proximity environments.
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Fig. 1 Growth of robotics in different sectors [4]

Table 1 Strengths and limitations of robots and humans [6]

Strengths Limitations

Humans Judgment is excellent Prone to fatigue and interaction

Excellent hand-eye coordination Tremor limits fine motion

Dexterity is excellent Outside natural scale it has limited
ability and dexterity

Having capability of integration of
multiple information sources

Not possible to see by tissue

Trained by easily Bulky end effectors, hence accuracy
decreases

Able and versatile to improvise Geometrically less accurate

Sterility is not easy

Quickly infected and not protest
against radiation

Robots Higher geometric accuracy Poor decision

Untiring and stable Adoption is not fast

Fight against radiation Limited dexterity

Having many degree of freedom in
motion analysis

Problems in hand-eye coordination

Able to integrate multiple sources of
numerical and sensor data

Not up to mark haptic sense

Problem occurs when complexity
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The different research domain in medical robotics shown in Fig. 3.
The nature of robotics systems is to connection between the real world data and

physical world. The field of robotics is being always interdisciplinary having not
only engineering but also includes biomechanics, computational science, neurol-
ogy, cognitive science, sports science, biomedical, etc. Main challenge is to facing
with medical robotics is that how to interface sensor, motor and human-adoption
abilities in different environments.

Figure 2 works with humans to data of information with the physical world to
perform a given task [5].

When we are talking about medical robotics, there are certain factors are to be
kept in mind, like motion, autonomy, intelligence, etc. Motion includes actuated
mechanism programmable in more than one axis and moving within its environ-
ment. Autonomy tells us level of human involvement in overseeing the operation of
the robot or robotic device both in normal operation and particularly when there is a
problem or fault in the system.

Intelligence indicates built in expert knowledge or skill to allow an operator (or
perhaps no operator at all) to perform tasks with less skill/knowledge than would be
required of a human performing the same task on their own [7].

It is very difficult to say that by which criteria robotics will helpful to medical
and healthcare sector. There are so many methods to describing it, but apart from all
here taking by its application.

Accordingly to Medical Treatment: There are total five different groups defined
in [8].

(a) The first is Prevention, in which there is targeted that no further treatment
required. If it is found something abnormal then go to next step, known as diag-
nosis, done by robotic systems (Fig. 3).

Fig. 2 The flow of information for computer integrated surgery systems
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Toyota developed the “Balance Training Assist” as in Fig. 4, in which two
wheel robots used to balance. A patient moves his/her weight depending upon the
information given by the machine shows different games displays on monitor [9].

(b) A surgery (robotic systems for medical interventions): The option of surgery
opens when physicians not able to perform a given task because of precision,
repeatability and endurance. Furthermore, with a very small space robots can
perform well inside the human body. Due to above advantages nowadays robots are
become popular in the following fields:

Fig. 3 Medical robotics research areas

Fig. 4 Balance training assist
from Toyota Corporation Ltd.
[10]
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• Precision and Micro surgery
• Minimal invasive surgery by robots [12]
• Nanobots
• Remote surgery via Internet or IoT based platforms
• In some cases, medical interventions by robots
• Surgery assistance by robots [13]

For drug therapy and ocular diseases Nanobots are used. It is made of flat nickel
parts, sometimes known as “Steerable Surgeons” as shown in Fig. 5. The working
of Nanobot is by external electromagnetic coils which produces magnetic fields
inside it.

(c) Professional care (robotic systems for professional care) in hospitals: This
category of robotic care is used for generally ageing people only. It includes
monitoring, aid for nurses and physical activities in terms of care provision [14] and
paramedic task [15].

Cody is a ‘human-scale’ mobile manipulator as in Fig. 6. By using “Direct
Physical Interface” (DPI) in healthcare robotics systems, a nurse have capability to
direct control of movement of the robot. DPI provides direct assist to nurse that

Fig. 5 The Nanobot [11]

Fig. 6 Working of Cody
Robot [16]
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Cody is making direct contact with body. When the patient tries to getting any
movement, Cody responds accordingly.

(d) Rehabilitation treatment: This kind of treatment is given at hospitals or at
home. It can be divided into: (a) Motor coordination therapy, and (b) Sustaining
muscle therapy. Behaviour of patient plays an important role in cognitive and
mental problems.

‘Hybrid Assistive Limb’ (HAL) in Fig. 7 is a ‘cyborg-type robot’. The main
features of HAL that it provides support for wearer’s bodily and enhanced [17].
Due to disorders of the cerebral and nervous muscular system, the lower limb
disabilities occur in human body. In such a cases brain does not work properly.
HAL provide support for lower limb to move accordingly to patient’s intention
[18]. It gives command/signal to brain that how to move the legs.

(e) Daily Living Activities: This is known as assistance of life. It has basically
three main functions: (i) To assist users for doing daily activities. (ii) Provide
mobility to disabled people, and (iii) Replace organs by intelligent prosthetics [20].

The electric wheelchair ‘Friend’ (Fig. 8) having basic components like robot
arm, computer and sensors. A Joysticks is also given for operate robotic system.
With this facility provision it is possible to read book pages and also turns it.

2.4 Advantage and Disadvantage of Robotic Surgery

Today, it is estimated that only 5 % of the general surgery market has been pen-
etrated by robotic procedures, leaving 95 % of the opportunity unmet. As robotic
surgery continues to gain acceptance in many surgical specialities, thousands of
hospitals are expressing interest in the next generation of robotic surgical platforms

Fig. 7 Hybrid assistive limb
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that will address the financial challenges and operational inefficiencies being
experienced with the current robotic platforms. According to Wintergreen
Research, the robotic surgery market is growing USD 20 billion by 2021 [21]. In
this context, here we are going to compare the advantage and disadvantage of the
same (Table 2).

Fig. 8 The electric
wheelchair [19]

Table 2 Advantage and disadvantage of robotic surgery [22]

Robotic equipment based
surgery

Conventional surgery by doctors

Advantages

Filtration of tremor Affordable, ubiquitous

Stereoscopic visualization Some haptic feedback

7 DOF Well developed, established
technology

Dexterity improvement

Elimination of Fulcrum effect

Motion scaling

Ergonomic positioning

Tele-surgery

Hand-eye coordination is better

Disadvantages Minimal haptic feedback 2-D visualization available

Expensive Compromised dexterity

Longer set-up times Limited degree of freedom

Footprint is large Hand-instrument motion reversal

Emerging technology
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3 Internet of Things (IoT)

3.1 Definition

Currently, the definition of Internet of Things (IoT) is varying depending upon
applications, persons, or domain areas. According to [23], the ‘things’ defined by
three main areas: information, machine (it includes sensors, actuators, embedded
systems, etc.) and people.

Figure 9 defines three basic environment of IoT: Things oriented, Internet ori-
ented, and Semantic oriented. The Things oriented IoT will be defined as: ‘Things
having identities and virtual personalities operating in smart spaces using intelligent
interfaces to connect and communicate within social, environmental, and user
contexts’ [25]. The Internet oriented IoT will be defined as: ‘In future Internet, the
interconnected objects plays an important role’. The Semantic oriented IoT will be
defined as: ‘A world-wide network of interconnected objects uniquely addressable
based on standard communication protocols’ [26]. In fact, IoT is simply shifting of
paradigm using different technologies. It gives anytime, anyplace connectivity for
anything [27].

It is very difficult to give a definition of IoT, but the following common things
are includes in all [28]:

• The nature of connectivity is ubiquitous.
• The everything is to be connected.
• Data exchange through Internet or by the private network.

Fig. 9 IoT define in various
environments [24]
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3.2 Architecture of IoT

The Internet will enable the robot’s real world to be connected to the virtual world.
If taken into account, with the emerging robot operating system framework,

communication with the internet via Bluetooth requires only a set of application
programming interface (API) calls shown in Fig. 10 [29].

Future robots will become part of the IoT and capable of seamlessly commu-
nicate with the cloud. These robots will have the potential to the smart mobility and
context-aware computing to internet relevantly with their surrounding physical
environment. Using cloud orchestration and messaging, a robot can also interact
with any service, business process or device connected to the cloud. Communicate
with the cloud can be either asynchronous or synchronous (a robot waits for the
response before proceeding with the next action), based on the exposed web ser-
vices invoked on the cloud.

Fig. 10 Architecture of robot
to Internet connectivity
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3.3 IoT Platforms

The IoT platforms provide connection between real to virtual world environment.
Pachube [30] is IoT platform for real time infrastructure having capability of
manage millions of data points from millions of organizations, companies and
individuals. SenseTele [31] is an IoT application which gathers data from various
sources like embedded systems, sensors, physical objects, etc. Whatever the line
data coming, it is used or shared via social networking platforms. Nimbits [32]
provide cloud based service for people, sensors and devices. It is also open source
platform. With this kind of tools anyone can define points and feed various
information into it. This data points have the capabilities to perform various
operations like statistics, generate alarms, connect to social networks, calculations,
etc. ThingSpeak [33] gives freedom to users to store and retrieve data from things
by exploitation of HTTP protocol over the Internet or via LAN. Using ThingSpeak,
location tracking and sensor logging applications created. A continuous status
updates kind of social network is also create by ThingSpeak. Further, it allows
storing data and doing calculations through cloud. The integration of data into
applications done by JSON, XML and CSV type data representations.

The standardization of IoThNet is explained in [34]. As shown in Fig. 11, there
are basically three main categories of standardization interface.

(a) Interfacing of hardware and software.
(b) Health related data information (e.g. e-health records, etc.).
(c) Security schemes.

Fig. 11 IoThNet platform interfaces a without standardization b with standardization
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A clear idea about rehabilitation process is discussed in [35], using IoThNet
platform.

3.4 IoT Impact in Healthcare Sector

The healthcare system defined by IoT platform based on various factors like
supervision of chronic diseases, care for elderly patients, health management sys-
tems, among others. For better understand it is also categories into two parts:
(a) Application based, and (b) Service based. Further application based is divided

Fig. 12 IoT based healthcare applications [36]
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into: Single condition based and Cluster condition based. A single condition refers
to specific diseases, while cluster condition refers with multiple diseases as shown
in Fig. 12. This is based on today’s IoT healthcare systems, having dynamic nature
to add more single or cluster condition based disease in future.

4 Connectivity: Robotics and IoT in Healthcare Domain

Figure 13 gives detail scope of robotic interaction with both the physical and virtual
worlds. It considers a range of inputs (both active control and perception driven)
and shows examples of the numerous possible outputs, actions or roles that can
arise. Using this kind of model, the role of Information Technology (IT) services as
an enabling and necessary part of the robotic interaction ecosystem begins to
emerge. A robot may have a direct physical manifestation that allows it to
mechanically act and react in the real world, but it may also operate in the virtual
world using underlying information technologies as a conduit for eventual
real-world interaction (e.g. communicate contextual information to remote obser-
vers). A robot can also have perception, i.e. it has an ability to assimilate real-world
inputs, make ‘contextual sense’ of them and act according to its programming and
what it has learned. This view of perception, control and interaction serves well, but
misses one point that can often be found in the world of science fiction, whether or
not a robot can be truly sentient [29].

Fig. 13 Robot interactions to IoT

Vitality of Robotics in Healthcare Industry: An Internet … 105



4.1 Robot Operating System (ROS)

In the coming days, interest of development of IoT will be increasing rapidly as per
the different surveys. It will be necessary that to provide easier development tool to
connect physical world to IoT based networks. As IoT is a new developing tech-
nology hence tools for the different solutions in IoT platform not fully/trustworthy
developed yet. In this regards, ROS provide attractive opportunity for the IoT
platform for infrastructure connectivity. ROS having its own features like high
abstraction level to access any hardware attracts researchers and scientific organi-
zations. Additional functionalities includes that it can be easily incorporated to the
platform due to modular implementation [37].

The Internet Engineering Task Force (IETF) created the IPv6.0 to standardize
the low power wireless personal group and network in 2005 [38]. In [39] shows that
how two categories build for classification of IoT elements. According to [39],
firstly reduced functionality devices, which not provide any packet routing due to
their processing and memory limitations. Secondly, complex functionalities devi-
ces, having more capacity that the later one and hence it is acting as router and will
be provide service to simple device and/or other external elements which is not a
part of network. The more information about it is given in [40].

A common solution for the robotic field or area being provide by ROS platform.
Depending upon the different components used, robot works accordingly [41, 42].
The uniformity of components makes the process of software development difficult,
which is finally connect to hardware. The making of complex system dependent on
knowledge of hardware specific and its interfacing. This leads to ROS to implement
in robotic domain easier than any other platform [43].

While applying ROS platform to robotic systems, it is to be noted that it uses
Peer to Peer (P2P) communication not centralized communication. A main
advantage of this communication is when multiple nodes propagate, information
collected by sensors to processing nodes. Even though maximum communication
on ROS is works on P2P platform, but ROS naming service is centralized. ROS
node communication system shown in Fig. 14. A ‘scan’ service offer by ‘hokuyo’
node, later it connects to master node for informing entry point of service. Another
node ‘viewer’ used to access the service ‘scan’. ROS gives more flexibility to
system developer compare to other programming or scripting languages. It provides
modular development which allows small modules to perform big work. Due to this
feasibility of ROS, the developers can reuse the same coding for different projects.
Still there are some difficulties to adopt ROS as a complete solution for robotic
based IoT platform as: (a) Interoperability [44] (b) Open Standards (c) Scalability
(d) Conflict Resolution [45] (e) Dynamic Infrastructure (f) Quality of Service
(g) Privacy and Security.
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5 Future Challenges

Robotic system plays a vital role in all surgical medical fields in past few years.
Scientists are trying to overcome the electromechanical limitations of actual robotic
systems. In the future robotic systems with smaller instruments, lower overall costs,
shorter set-up time with the help of a very well trained team and remote tele-
mentoring will become available.

Although its popularity and affectness of IoT in healthcare and medical sector is
being rapidly increases there are issues for adoption of it, includes sophisticated
health monitoring system, expensive medical equipment used onsite, robots, etc.

The rapid development of healthcare sectors at hospitals and homes requires
latest remote sensing devices of all kinds connected to healthcare providers and care
takers fulfill the broad objective of IoT driven robotic applications [46]. According
to [47], total cost of IoT based devices will be 19 trillion dollars in next decade.
However, there are many issues and challenges related to smarter health is to be
addressed including the quality of service during care, user engagements, data
privacy and security, medical Big Data, and ethics of physician or/and system
developer [48].

Whenever discussion between robots and objects going on, it is obvious to know
the issues related to them: security, consensus theory, communication technology
for short range, semantic based services and information centric networking are still
open challenges. Finally, when more number of traffic in IoT driven environments
added, the more requirements are difficult to be accomplished. It is noted down that
The Netherlands becomes world’s first nation having IoT based network with 1.5
million connections in July 2016.

Fig. 14 Communication in
ROS

Vitality of Robotics in Healthcare Industry: An Internet … 107



6 Conclusions

I think that in the next coming years, there will be more advanced and cheaper
technology in the field of healthcare and medical sector is available. This will be
provides a solution to IoT based Robotics systems, which will be worked smoothly
even in different functionality, environment and having more complexity. It means
that robotics will play a vital role even in the fourth industrial revolutionary
technology, namely Internet of Things (IoT). There are many organizations and
researchers involve fulfilling IoT challenges, its adoption issues, infrastructure
improvement and standardization; this is in progress and getting some good results
worldwide in near future.
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