®

Check for
updates

Enhancing Healthcare Through
Automation and Robotics

Nkolika Ogechukwu Nwazor
and Stella Ifeoma Orakwue

7.1  Introduction

The mortality rate can be greatly reduced if
patients have timely and easy access to quality
healthcare services. This is of great importance,
especially to patients in underdeveloped or devel-
oping worlds where expertise in certain fields is
either not available or minimal. These patients
are also faced with delays in accessing the
required care because of the difficulty in manu-
ally accessing medical records, the long time
taken for disease diagnosis, the lack of the requi-
site skills for certain procedures and the inherent
human errors in these systems.

Modern technology has been of great help in
overcoming some of these challenges. The intro-
duction of information systems for easy access to
medical information and records has helped
make healthcare services easier and faster.
Technologies like automation, robotics, the inter-
net, artificial intelligence and the Internet of
Things (IoT) are now being used in healthcare
delivery. The quest for easy access to and better
delivery of healthcare services has led to research
into means through which these modern technol-
ogies can come to man’s aid. The application of
automation and robotics in the medical field was
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born out of the desire to use these technologies
which have made man and machines do things
faster and with more ease to improve healthcare
and in the long run quality of life.

Automation involves the use of machines or
technology to carry out tasks that would naturally
have been done by human efforts while robotics
involves the development of robots for specific
functions. Both terms are sometimes used inter-
changeably although automation involves so
much more. Industrial robots were initially devel-
oped to carry out tasks that are hazardous to man,
access dangerous, inaccessible places, or carry
out tasks requiring high precision. Currently,
medical and healthcare robots are being designed
for interaction with medical personnel in a surgi-
cal theatre (Fig. 7.1), assisted medical caregiving
at home and medical rehabilitation (Okamura
et al. 2010) in addition to the areas mentioned
earlier. The resultant effects of these advance-
ments are easy and timely access to medical
attention; enhanced and timely healthcare deliv-
ery; shorter recovery times and more reliable out-
comes for surgical procedures; and early disease
detection, diagnosis, and treatment to mention a
few. There has been tremendous growth in this
sector, especially with the safety concerns raised
by the Covid-19 pandemic.

Recent advancements in automation and
robotics have the potential for better healthcare
delivery, new treatment procedures for different
ailments and health challenges, and improved
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Fig. 7.1 The da Vinci surgical system consists
of a master console and teleoperated patient-
side robot (Okamura et al. 2010)

general patient outcomes. This work is aimed at
explaining how automation and robotics have
helped improve healthcare. It will also propose
future areas of applications needed for improved
human general well-being. The chapter starts
with an introduction to automation and robotics
before narrowing down to their applications in
the medical field.

Overview of Automation
and Robotics

7.2

The terms “automation” and “robotics” are some-
times used interchangeably, but there are minor
differences between the two. In robotics human
tasks, robots are used to perform specific func-
tions while automation uses technology to per-
form tasks. Robots can be hardware, for example,
humanoid robots, or software which are com-
puter software applications/programs, for exam-
ple, speech transcription software.

7.3  Automation

The word “automation” is derived from the Greek
words “auto” translating “self” and “matos”
translating “moving”. Automation, therefore, is
the ability for systems to “move by themselves”
or operate by themselves with minimal or no
human effort. However, apart from this original
sense of the word, automated systems are

designed to achieve significantly superior perfor-
mance than what is possible with manual sys-
tems, in terms of power, precision and speed of
operation.

Automation is defined as a technology con-
cerned with the application of mechanical, elec-
tronic, and computer-based systems to monitor,
operate, and control processes to increase pro-
ductivity and safety, improve product quality, and
reduce the cost and time of labour or execution. It
focuses on the autonomous operation of systems
with an emphasis on precision, efficiency, pro-
ductivity, quality and reliability over an extended
period. The different types of automation include
fixed automation, flexible automation and pro-
grammable automation.

Automation presents a feasibility study for an
entirely novel mechanism, model, or theory for
applications that involve repetitive operations
and most times building these models to be more
efficient, reliable, or cost-effective automated
systems aimed towards better use of resources,
and humans to solve operating problems. (Walter
1975).

Automation can be hard or soft.

1. Hard Automation: It can be used to perform
specific tasks that do not require any change
in its task, for example, dishwashers, washing
machines, etc.

2. Soft Automation: Here software applications
are used to automate tasks that would have
been performed by humans. They are flexible.
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3. Autonomous Automation: The systems that
fall under this make use of sensors, micropro-
cessors and other components to make
decisions. They can also have self-diagnostic
and self-healing capabilities.

7.3.1 Areas of Application

of Automation

1. Manufacturing: Automating a manufacturing
operation such as fabrics or biscuits usually
increases production rate and labour produc-
tivity. The essence of Industry 4.0 is to fully
automate manufacturing processes by creating
systems where every single unit is intercon-
nected combining cloud computing and the
Internet of Things to attain smart factories.

2. Logistics and supply chain management: The
automation of logistics processes and ulti-
mately the design of autonomous logistics
systems is one of the most defining trends that
has far-reaching consequences for the plan-
ning and execution of future logistics pro-
cesses (Nitsche 2021).

3. Construction: Automation has shown the
potential to increase construction productivity
after years of technical development and
experimenting in its field from rapid prototyp-
ing processes based on computer graphics
(CAD) models to physical autonomous
machines. Chena et al. (2018) describe the
potential of construction automation for
increasing construction productivity and the
associated possible ramifications, following
an objective and data-driven review of the use
of automation technologies in construction.

4. Learning: Modern automation techniques
such as augmented reality, in other words,
creating virtual versions of devices, machines,
vehicles or scenarios, have aided learning
with the implementation of automated class-
rooms and systems.

5. Oil and gas drilling: Because oil and gas drill-
ing often involves offshore stations and
remote locations, industrial automation is

extremely useful in this industry. Sensors and
other monitoring equipment mean fewer dif-
ficult and potentially dangerous trips for
technicians.

6. Paper mills: Automation can be used in paper
mills to manage batch production, as well as
control instrumentation, plant devices, and
equipment. This allows operators to have
excellent visibility into the entire production
system.

7. Health: Automation finds great application in
different areas of the healthcare sector. It can
be used for disease diagnosis, patient moni-
toring/management, care of the elderly and
patient record management to mention a few.

7.4  Robotics

Robotics uses quite many fields of technology,
for example, mechanical engineering, electrical
engineering, computer sciences, electronics, sen-
sors, actuators and artificial intelligence. It is a
multidimensional area that takes advantage of all
engineering studies that exist in our life besides a
hard mathematical module application which is
required to be applied.

7.4.1 Types/Applications of Robots

1. Medical robots: They are majorly used to
carry out surgical procedures. The use of
robots in surgeries has greatly improved
patients’ outcomes and faster recovery as the
surgeries are more precise and with minimal
access.

2. Industrial robots: They are used in the indus-
try for high-precision jobs and to carry out
tasks that are hazardous for humans or that
need to be carried out in places that are not
accessible to man. Examples include painting
robots, automobile assembly robots, robotic
arms used for lifting heavy objects, welding
robots, etc. They are flexible and are not
fatigued since their repetition rate is high.



62

N. O. Nwazor and S. I. Orakwue

. Domestic robots: These robots are used to

carry out household chores like switching on
and off electrical and electronic appliances in
the home, sweeping the house, opening and
shutting doors, house cleaning, plate washing,
and others.

Mobile robots: They can move around and are
mainly used to access hazardous areas like
chemical or nuclear power plants. They are
also used in obstacle detection and avoidance.

. Unmanned aerial vehicles and boats: These

are aircraft and boats without a pilot. They are
mainly used for rescue missions or attacks on
enemy territories. They are also used for
surveillance.

. Military and security robots: Robots find

applications in the military in the areas of
missile launching and aerial surveillance.
Some companies are also working on pairing
robots with human security guards for
enhanced security.

. Humanoids: These are robots that take human-

like forms and can perform functions that
ordinarily would have been performed by
humans.

. Cobots: They are robots that function with

humans directly or alongside humans. They
can share spaces with humans to help them
perform more tasks (Intel 2022). They some-
times mimic human actions.

Agribots: They are used in agriculture, espe-
cially to take care of repetitive and hazardous
tasks like weed control, seeding, harvesting,
chemical applications, food processing and
irrigation,  for  example,  Ecorobotix
(GeekforGeek 2020).

7.4.2 Types of Medical Robots (Intel

1.

2020a)

Medical robots can be grouped into four:

Autonomous mobile robots (AMR): They are
robots that can understand and move through
their environment easily. They find applica-

tions in tasks like the delivery of medical sup-
plies and medication and hospital disinfection.
They can also be used to take patients’ basic
parameters thereby reducing the workload of
the hospital staff while ensuring their safety.

. Social robots: They are interactive robots used

mainly in long-term care environments to
monitor patients and also interact with them.
They can provide cognitive engagement, can
encourage patients to comply with their treat-
ment regimen, and can serve as guides to both
patients and visitors. They help improve
patients’ emotional health while reducing the
burden of care.

. Surgical-assistance robots: They are robots

that help surgeons in the operating room to
achieve more precision, and accuracy and
work with improved speed during complex
operating procedures. Some surgical robots
are autonomous (they perform the surgeries
while the surgeons supervise remotely). The
surgeries can be minimally invasive like hys-
terectomy, bariatric surgery and other soft tis-
sue surgeries. With the help of surgical robots,
infections and complications are greatly
reduced. The surgeries can also be orthopae-
dic like knee replacements, hip replacements,
etc. With videoconferencing capabilities, sur-
geons can consult with others in different
locations. With this, patients can get the best
surgeons involved in their procedures. They
help surgeons reduce nerve damage during
surgeries. Soon, robots will be able to suture
incisions. Surgical robot training for surgeons
through simulation platforms can be carried
out using simulation platforms.

. Modular robots: They perform multiple func-

tions and are used to enhance other systems,
for example, prosthetic robotic arms and ther-
apeutic robots for rehabilitation. A good
example is the wheelchair-mounted robotic
arm (Fig. 7.2) that helps patients with spinal
injuries with their daily activities. They can
also be used to monitor patients as they go
through exercises or other rehabilitation
procedures.
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Fig. 7.2 Intel and Accenture robotic arm by
Neuromorphic Research Project to assist
wheelchair-bound paediatric patients (Intel
2020b)

7.5 Automation and Robotics
in Healthcare

7.5.1 Applications of Automation
in Healthcare

In this era of serious economic crisis when
healthcare administrators are saddled with the
responsibility of enhancing the quality of care
received by patients, reducing costs and support-
ing decision-making using data analysis, automa-
tion comes in readily as a major consideration.
Automation finds applications in different aspects
of healthcare. It can be used in administration,
disease diagnosis and treatment, medical training
and research to mention a few. In pursuance of
SDG 3, the areas of application of automation in
the healthcare industry include:

1. Patients’ and doctors’ appointment scheduling:
Software applications are used to automate
patients’ appointments with doctors depending
on the needs and the doctors’ availability.

2. Financial management: All financial transac-
tions in the healthcare industry can be auto-
mated. Patient billing, payments, salaries/
claims by staff, expenditures and other reve-
nue generation can be taken care of using soft-
ware applications.

3. Healthcare staff protection/safety: Patients’
contact with caregivers can be minimized

using automation. Tasks that would have
required interviews by a nurse or other health-
care professionals can be automated to enable
self-services for patients. The advent of
COVID-19 and other pandemics have led to
the invention of mechanisms that enable
patients to self-triage and feed in their infor-
mation for access by professionals in pro-
tected spaces. Contacts are only allowed
where necessary. Other tools have been devel-
oped to diagnose some ailments without direct
contact with caregivers by observing defined
parameters. This also goes a long way in
reducing the amount of work done by
caregivers.

. Medical record keeping: This involves storing

patients’ records in electronic format. The
collection, processing, storage and retrieval of
the large amount of data generated in the med-
ical records department can be automated.
This will aid in the timely retrieval of patients’
records when needed by the caregivers. It will
also enhance the quality of care as patients’
records can be accessed anytime from any-
where using the internet and centralized data-
bases. This will also aid research as data can
easily be collated.

. Diagnosis: A lot of applications exist online

that are used for diagnosis. The patient can
interact with the system through a user-
friendly graphical user interface, and feed in
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their information as responses to predefined
queries on the platform which the system
analyses to diagnose the patient’s health chal-
lenge and make a recommendation on treat-
ments or schedule the patient for an
appointment with a caregiver. Automation has
greatly enhanced clinical diagnosis and
decision-making. It supports evidence-based
medical practice to identify best practices in
disease diagnosis and treatment.

. Surgical procedures: Surgical procedures are

now being carried out by professionals in
remote locations with the aid of experts that
are not onsite. Augmented reality, which
makes use of 3D modelling, has been used to
aid this process.

Smart devices: The use of smart devices (hard
automation) to monitor critical parameters
like blood pressure, pulse, temperature, heart
rate, etc., has greatly improved patient out-
comes. Some of these smart devices make use
of wearable devices. These devices can moni-
tor patients’ parameters, diagnose patients’
ailments timely and even recommend treat-
ments and preventive measures that can be
taken by patients. With the introduction of the
Internet of Things, some of these devices are
also connected to other systems in the health-
care facility and can even communicate with
the patient’s caregiver for timely intervention
in cases of emergency and effective
monitoring.

7.5.2 Application of Robotics

in Healthcare

Areas of applications of robotics in the health-
care industry include:

1.

Communicable and infectious diseases with
high mortality rate: To protect healthcare
workers in situations where you have highly
contagious diseases with high mortality like
Ebola, COVID-19, etc., robots can be used
instead of the human caregiver. To reduce
physical contact between patients and care-
givers, robotics and automation are needed in

health facilities (Yang et al. 2020a; Yang et al.
2020b) for routine activities like patient moni-
toring, drug dispensing, food delivery, facili-
ties disinfection, etc. This will reduce the cost
of care as resources needed for procuring pro-
tective gear can be channelled to other areas
of need.

. Surgery: Robots are being used to carry out

surgical procedures. A robot called NeuroArm
was used with real-time magnet resonance
imaging for image-guided neurosurgery to
remove a brain tumour (Bogue 2011). It has
also been used for deep brainstem stimulation
and catheter implantation.

. Prostheses: Robotics has been implemented

in the development of artificial hands and legs
for amputees (Bogue 2011). Grippers have
also been developed (Dollar and Howe, 2010).
Robots have been developed for wheelchair-
bound patients to enable them to stand and
turn at certain predefined angles.

. Patient care: Robots are used in patient moni-

toring and support (Kuka 2023). It has been
applied in both mental and physical support as
reminders, for emotional support, education
of children with mental disabilities, drug and
food delivery, etc. (Kyrarini et al. 2021). Some
of the patient care robots developed include
Pepper used as an assistant to the elderly and
children (Tanaka et al. 2015; Yang et al. 2017)
and support to psychiatric patients (Sato et al.
2020); Care-O-bot used as a caregiver robot in
a care facility for the elderly (Jacobs and Graf
2012); and PHAROS which is for monitoring
the daily physical activities of the elderly in
their homes (Martinez-Martin et al. 2019) to
mention a few. The advancements in
technology-based healthcare gave birth to
Healthcare 4.0 which led to the introduction
of cyber-physical systems-based homecare
robotic systems (CPS-HRS) which are faster
and more intelligent as proposed by Yang
et al. (2020a, 2020b). CPS-HRS incorporates
motion capture and mapping and uses artifi-
cial intelligence techniques, advanced sensor
technologies and other current technologies to
monitor behaviour, especially of the elderly in
a natural setting like home (Portet et al. 2013).
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This can be applied to monitoring the progres-
sion of a disease, detecting and preventing
falls (Kau and Chen 2015), etc. They can also
be used to carry out some medical tests.

5. Diagnosis and treatment: Robotic systems are
being employed in disease diagnosis as a
safety measure to reduce contact between
doctors and patients. It has been used to per-
form medical tests (Nemati et al. 2012;
Majumder et al. 2017a, 2017b).

6. Robotic exoskeletons: They act as an external
set of muscles and bones that help train the
body on how to move properly (Banks 2022).
They are used for rehabilitation as they can
help disabled people regain mobility. With
these robots, immobile patients can move
around, which has emotional, psychological
and physical therapeutic effects. With these,
patients are made to have a feeling of some
level of independence which has a booster
effect on the recovery process.

7.6  Challenges/Ethical Issues
of Medical Automation

and Robotics

There have been several arguments concerning
ethics on the use of robots and automated sys-
tems in healthcare. There is the challenge of its
impact on human relationships which has been
observed to positively impact patient recovery.
Empathy and compassion are human qualities
that significantly affect healing, especially in
attending to paediatric, gynaecological, and psy-
chiatric patients, and are lacking in these sys-
tems. There is fear that robots may dehumanize
medical care as they are not empathic and com-
passionate (Stahl et al. 2014; Stahl and
Coeckelbergh 2016).

Dependence on robots for surgical proce-
dures may lead to loss of surgical skills over-
time as surgeons depend more on the robots for
the performance of procedures that they ordi-
narily would have carried out and concentrate
more on developing skills on how to manipulate
and control the robots (Saniotis and Henneberg
2021). The study by Kyrarini et al. (2021) shows

that most patients prefer human caregivers to
robots and would not want a total replacement.
They also complained about the difficulty in
understanding some of the actions of the robot
and the challenges of the malfunctioning of the
robot and who should be held responsible if the
system fails. Liu et al. (2013) talked about pri-
vacy and security challenges concerning the
healthcare data generated by these systems.
Patients’ data collected through automation and
robotics can be hacked into and used mali-
ciously (Farhud and Zokaei 2021). Another
major challenge in the use of medical robots and
automation is its effect on employment. Over-
dependence on robots for the performance of
jobs done by a human may eventually lead to
job loss in the nearest future.

Other challenges in the application of auto-
mation and robotics in healthcare include train-
ing the healthcare workers on the use of the
new systems, and improvement of the opera-
tions of the robots which requires more research
as they cannot be said to be completely
error-free.

The Future of Medical
Automation and Robotics

7.7

The next generation of healthcare systems will be
greatly powered by automation and robotics due
to their technological advancements. They will
be of great help in assessing war zones for deliv-
ery of medical aid to those at the war front, man-
aging highly infectious diseases like the Ebola
disease outbreak and during pandemics as wit-
nessed during the COVID-19 pandemic. They
can aid in sample collection, caregiving to
affected/infected patients, supply logistics, hos-
pital disinfection and patient monitoring and
rescue.

The introduction of the Internet of Things and
specifically the Internet of Healthcare Things,
IoHT (Kaiser et al. 2021), that connect patients;
healthcare staff (nurses, physicians, caregivers,
patients and other hospital support staff); medical
infrastructure (like ambulances, laboratories);
and medical instruments/gadgets both in the hos-
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pital and patient’s home will greatly enhance the
quality of care and reduce human capital costs in
such situations (Kaiser et al. 2021).

A combination of artificial intelligence, robot-
ics and automation will help increase precision
and accuracy in medical procedures. The autono-
mous robotic ultrasound was found to be more
effective during transcranial Doppler (TCD) in
discovering serious cardiac issues that were com-
pletely missed using a standard of care imaging
(Hamilton 2022).

Blockchain technology which is a decentral-
ized core architecture that adopts distributed
accounting, communication and storage with
the integration of technology can be used to
enhance the security of data generated by auto-
mated and robotic systems since it can be used
to give users different levels of access to the
generated data (Zyskind and Nathan 2015;
Azaria et al. 2016). Further research is encour-
aged on the application of blockchain technol-
ogy and other security systems in securing
healthcare-generated data. Big data analytics
can also be applied to predict the occurrence of
health events in patients even before they occur
(Majumder et al. 2017b; Naghshvarianjahromi
et al. 2019). The advancements in technologies
like data analytics, artificial intelligence,
machine learning, and computer vision will
help enhance the functionality of medical
robots as they carry out tasks more efficiently,
accurately and autonomously. More research is
encouraged to greatly improve the efficiency of
these automated and robotic systems to make
them safe and good enough to be used as an
alternative to the human-driven healthcare sys-
tem. Research into new areas of applications is
also encouraged.

In the nearest future, it is believed that more
improvements in the development of microbots
(Banks 2022), which are tiny robots that can nav-
igate through the human body, will greatly reduce
recovery time from surgical procedures. With
more enhancements, these robots can even do
surgery from within the body, removing the need
for surgical incisions. Research into body-healing
microbots which can be as tiny as the body cells
are greatly encouraged.

7.8  Conclusion

The introduction of automation and robotics in
the healthcare industry has greatly improved
medical outcomes the challenges notwithstand-
ing. It has made access to medical care easier and
faster. It has greatly reduced recovery time and
made the healing process safer, cheaper, smarter,
and less stressful for both healthcare workers and
patients. It has also improved caregiving/medical
outcomes and ultimately improves life. The capa-
bility is not exhaustive and therefore more
research is encouraged in this area. The ethical
issues raised in this work should also be taken
into consideration in the use of these systems.
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