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ABSTRACT

Diabetes is a gathering of metabolic issue in which there are high glucose levels over a drawn out period.
As loT is developing quickly with increment in innovation, various applications in view of Internet of things
have been proposed for administration of diabetes. The 10T is empowered by the most recent improvements
in RFID, smart sensors, correspondence advances, and Internet conventions. The fundamental introduce is
to have keen sensors team up straight forwardly without human association to convey another class of uses.

In this paper, we survey the most recent portable well-being applications that are utilized for diabetes
administration, break down and ponder the diverse engineering of these application and furthermore
examine the different difficulties looked by them.

The fundamental goal of this paper is to help specialists in planning propelled applications for diabetes
administration.

INTRODUCTION

“An IoT system is a network of networks where, typically, a massive number of objects, things, sensors or
devices are connected through communications and information infrastructure to provide value-added
services via intelligent data processing and management for different applications (e.g. smart cities, smart
health, smart grid, smart home, smart transportation, and smart shopping).”

—IEEE Internet of Things Journal

loT is a colossal environment of regular physical articles associated with the Internet, equipped for
distinguishing themselves and conveying information to different questions on the system. IoT is relied
upon to offer propelled availability of gadgets, frameworks, and administrations that goes past machine-to-
machine (M2M) correspondences and spreads an assortment of conventions, spaces, and applications. The
interconnection of these installed gadgets (counting savvy objects), is relied upon to introduce
computerization in almost all fields, while additionally empowering headways in the field of
pharmaceutical and Healthcare. This overview papers particularly helps investigates in outlining propelled
applications and examining the ones which are as of now accessible for diabetes administration.

3511 ©2018 AyushKeshri | http://www.irjaet.com


http://www.irjaet.com/

INTERNATIONAL RESEARCH JOURNAL IN ADVANCED ENGINEERING

AND TECHNOLOGY (IRJAET) E - ISSN: 2454-4752 P - ISSN : 2454-4744

VOL 4 ISSUE 3 (2018) PAGES 3511 — 3524

RECEIVED : 05.04.2018 PUBLISHED : 08.05.2018 May 08, 2018

Diabetes (or Diabetes mellitus) is a mind boggling gathering of infections caused by various reasons. People
experiencing diabetes have hyperglycemia (high glucose) either on the grounds that there is low creation
of insulin or body cells don't utilize the delivered insulin. Around 350 million individuals experience the ill
effects of diabetes all inclusive. The World Health Organization (1999) has anticipated that diabetes will
ascend to the best seventh reason for death worldwide by 2030. There are three normal types of diabetes:
type 1 diabetes, type 2 diabetes and gestational diabetes.

In type 1 diabetes mellitus, body cells neglect to deliver insulin due to a traded off invulnerable framework
making harm the cells where generation of insulin happens. In type 2 diabetes mellitus, there is low creation
of insulin by the body cells or the body does not viably make utilization of the delivered insulin. Gestational
diabetes happens when there is an improvement of high glucose level in pregnant ladies not already
analyzed of diabetes. Contrasted and depending on pee glucose test strips and a solitary blood glucose
estimation at each visit to the specialist, home blood glucose checking have permitted a level of blood
glucose control that was unbelievable at their initiation. For instance, Continuous glucose checking utilizes
a sensor, embedded under the skin, to give a glucose perusing each one to five minutes that is shown on a
screen. The screen additionally indicates whether the glucose level is rising or falling and can sound a
caution in the event that it gets too high or too low. Numbers are put away and can be seen as charts, which
gives the client a chance to see his glucose inclines for the duration of the day or over a few days.
Throughout the years various human services applications in view of 10T have been proposed for diabetes
administration. In this paper we intend to study the most recent 10T based social insurance applications for
diabetes administration and audit their working and basic structures. This discourse incorporates the
significant issues and difficulties looked by them, for example, innovative issues, wellbeing, and security,
protection, and trust, prompting new bits of knowledge and research bearings in 10T. The fundamental goal
of this article is to help scientists in growing substantially more progressed and proficient 10T based social
insurance applications for diabetes administration.

Fig. 1.1: Robot Assistant for Diabetes
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1.1 Impact of 10T in Healthcare

The move to esteem based instalments has put the weight of lessening social insurance conveyance costs
on payers, suppliers and restorative gadget organizations.

With the expanding reception of remote care observing and the capacity of care groups to mediate before a
potential scene, the spread of Internet of Things (I0T) in human services is persevering and proceeding to
develop at a quick pace, giving a critical chance to medicinal services associations to decrease the cost of
care.

By 2025, Intel predicts the worldwide worth of 0T innovation from social insurance gadgets will constitute
$2.5 trillion, and by 2020, will include $285 billion of medicinal services supplier incentive to the
worldwide economyl. As medicinal gadgets, wearable’s, electronic wellbeing records (EHRs) and other
wellbeing IT frameworks turn out to be more interoperable and associated, we will see an arrangement of-
frameworks advancement that will empower a completely digitized and associated social insurance
continuum.

An associated human services biological system will make it simple for patients to access and track their
wellbeing data and take into consideration consistent correspondence with their suppliers. 0T will assume
a huge part in empowering specialists, out of the blue, to screen patients remotely and avert scenes of care
in an auspicious way. Suppliers will have the capacity to oversee populaces productively and decrease the
cost of social insurance conveyance, enhancing the nature of patient experience and improving wellbeing
framework execution.

There are various focal points and advantages on actualizing loT in medicinal services industry. Some of
them are:

a. Lower Costs: Using loT arrangements and associated restorative gadgets enables medicinal
services suppliers to screen patients continuously. This implies less superfluous visits to
specialist, and less doctor's facility stays and readmissions on account of productive
information gathering and administration.

b. Better tolerant experience: Being associated with the medicinal services framework
through the Internet of things, patients get more occupied with their treatment, and
specialists enhance determination precision since they have all the vital patient information
within reach.

c. Better administration of medications and pharmaceutical adherence: loT arrangements
permit healing facility staff to invest less energy scanning for drugs, track supplies and
prescription, and track cleanliness rehearses in doctor's facilities and successfullyforestall
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clinic contaminations. Social insurance 10T checking arrangements enable patients to
follow their treatment designs and specialists to track consistence to solutions.

d. Reduced blunders and waste: Using IoT for information gathering and work process
mechanization is a magnificent method to eliminate squander, (for example, pointless tests
and costly imaging), diminish framework costs and limit mistakes (particularly the ones
identified with human factor).

e. Improved Outcomes of Treatment: Healthcare arrangements that are associated through
distributed computing and utilize huge information, can give parental figures the capacity
to get to constant information which can be utilized to settle on educated choices and to
give prove based medicines.

Maybe a couple of the difficulties that are confronted actualizing 0T are:

a. Requirement for interoperability: The appropriation of examination in human services
depends on the capacity of associations to coordinate information sources to use for more
brilliant basic leadership. As the quantity of restorative related IoT gadgets develops, the
test lies in guaranteeing the information is perused into huge information stages and is
effortlessly coordinated into investigation arrangements.

b. Slower adoption rate: The medicinal services industry has truly been a moderate and
careful adopter of innovation. As an absence of institutionalization, security conventions
and interoperability keep on posing a danger. Be that as it may, with a portion of the biggest
social insurance frameworks and gadget makers driving the change, 10T will keep on
observing wide appropriation rates.

1.2. Objective

Diabetes is treatable when it is analyzed before achieving the peril zone, else it turns into a significant issue.
There is a need to consistently screen the blood glucose level to keep this sickness under control. Every day
contemplation and standard eating regimen will monitor the sickness. Late research shows that utilizing
diabetes self-administration frameworks help to control blood glucose levels. Hence, programming
arrangements have been characterized for observing and demonstrating of blood glucose. Since these
arrangements have the confinement of reliance on a PC, various types of arrangements nearer to the client
are being characterized, for example, glucometers coordinated in advanced photography and in phones, i.e.,
portable Health arrangements (m-Health).

As of late, broad research work and framework tending to the outline and advancement of portable Health-
based diabetes administration frameworks have been seen. Web of-things is one of the real correspondence
progresses lately that connections the web with ordinary sensors and working gadgets for an all IP-based
design, connecting physical and virtual protests through the abuse of information catch and correspondence

3514 ©2018 AyushKeshri | http://www.irjaet.com


http://www.irjaet.com/

INTERNATIONAL RESEARCH JOURNAL IN ADVANCED ENGINEERING

AND TECHNOLOGY (IRJAET) E - ISSN: 2454-4752 P - ISSN : 2454-4744

VOL 4 ISSUE 3 (2018) PAGES 3511 — 3524

RECEIVED : 05.04.2018 PUBLISHED : 08.05.2018 May 08,2018

capacities. It is a system of omnipresent gadgets or things that are equipped for calculation and
correspondence over the Internet.

In this paper we intend to overview the most recent loT based social insurance applications for diabetes
administration and survey their working and fundamental structures. This paper will likewise audit the
issues or constraints looked by these most recent applications. The primary target of this paper is to help
specialists in planning propelled applications for diabetes administration.

Literature Survey

Web of things is the system of the physical things, for example, gadgets, vehicles, structures, inserted with
sensors, electronic, programming and system availability. It enables protest be detected and controlled
remotely. Engineering of 10T framework comprises of the accompanying:

» Sensors: Sensors are the electronic gadget that assemble the information or disperse
information. Assortment of sensors are utilized as a part of 10T relying on the sort of use. Some
of them are weight sensor, Accelerometer and Gyroscope, Temperature sensor, Humidity
Sensor, Humidity Sensor, Proximity Sensor, Touch Sensor.

« Communication Protocols: 10T utilizes a significant number of the accessible conventions for
correspondence, exchanging or getting to information. Contingent upon the application,
different conventions are utilized which can be either remote, wired, or wide territory
conventions. A portion of the fundamental most utilized conventions are Wireless: RFID, Wi-
Fi, Bluetooth; Wired: Ethernet, Wide Area — GSM, 3G, and LTE.

Long haul diabetes mind requires contribution from patients and additionally specialists and family parental
figures. The creators setting mindful, intelligent m-wellbeing framework (ImHS) gives ongoing, two-route
correspondence between diabetes patients and parental figures by using Internet of Things innovation.

Diabetes is a right now serious, ceaseless illness that requires a long haul human services regimen in which
patients keep up blood-glucose levels inside a typical range through eating routine, exercise, and
prescription. Inability to control the malady not just outcomes in long haul confusions, for example, visual
impairment or stroke, yet can likewise put the patient at impending danger. As the information of the
heterogeneity of diabetes mellitus increments, there is a need to search for more strong operators with less
symptoms.

Engineering in this setting is characterized as a system for the particular of a system's physical segments
and their useful association and arrangement, its operational standards and methodology, and in addition
information groups utilized as a part of its task.
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Fig. 2.1: Architecture of 10T

As we probably aware that lIoT framework comprises of three primary parts viz. sensors, organize
availability and information stockpiling applications. Sensors for different applications are utilized as a part
of various 10T gadgets according to various applications, for example, temperature, control, moistness,
closeness, constrain and so on. Entryway deals with different remote standard interfaces and thus one
passage can deal with various technologies and numerous sensors. The common remote innovations utilized
broadly are Zigbee, RFID, NFC and so forth. Passage interfaces with cloud utilizing spine remote or wired
advances, for example, Wi-Fi, Mobile, DSL or Fibre.

The Existing Systems

It is evaluated that 8% of the worldwide populace is diabetic. And keeping in mind that the ailment has no
cure, it is preventable and can be overseen. Remaining educated and checking one's wellbeing condition
can enable a patient to oversee diabetes productively. Patients are frequently sporadic to visit centers for
modifying their medicines according to their glucose levels. IoT gives an imaginative arrangement that is
ended up being compelling and moderate and can be overseen from home.

Quite a bit of that esteem will originate from utilizing 10T -associated sensors, wearable’s, and therapeutic
gadgets in the counteractive action, early location, and continuous observing of interminable medical
problems, for example, diabetes. To get the full advantage from 10T, social insurance encounters must be
carefully associated at each stage in a patient's care.

A few of the existing options for 10T based diabetes care are:

3516 ©2018 AyushKeshri | http://www.irjaet.com


http://www.irjaet.com/

INTERNATIONAL RESEARCH JOURNAL IN ADVANCED ENGINEERING

AND TECHNOLOGY (IRJAET) E - ISSN: 2454-4752 P - ISSN : 2454-4744

VOL 4 ISSUE 3 (2018) PAGES 3511 — 3524

RECEIVED : 05.04.2018 PUBLISHED : 08.05.2018 May 08,2018

Robot Assistant for Diabetes Management in Children:-

The design of the stage broadens the Internet of Things (loT) to a web-driven worldview through using
existing web guidelines to access and control objects of the physical layer. This consolidates hair like
systems, every one of which envelops an arrangement of restorative sensors connected remotely to a
humanoid robot connected to a web-driven sickness administration canter (DMH). This e-Health stage has
two primary segments; fine systems and a web-driven illness administration canter for patients observing
and malady administration. The long range availability between these parts is performed through a remote
neighbourhood (WI-FI) connected to a current system foundation (the Internet).

loT-based Health Care Monitoring Device for Diabetic Patients:-

DKA is a preventable intense intricacy of sort 1 diabetes mellitus. Normal diabetic test on patients are done
on urinary test and blood ketone test to screen for diabetes condition. Be that as it may, those strategies are
considered as intrusive, badly arranged and costly. Along these lines here they exhibit a non-intrusive breath
test to screen the state of diabetic patients. An Arduino board is utilized to peruse the sensor with faculties
the breath. Breath esteem level is logged to a framework utilizing remote correspondence and information
is gathered and interfaced to website page. The Ketone level is estimated by the measure of breath acetone
that is gathered when patients breathe out into a mouthpiece that comprises of gas sensor.

/ T /

Uszer exhals into mouthpiece
of the device

l

Read data from
microcontraller

l

LCD displays ketone level in
unit of mmol,1

l

Send data to the database

1

Fig. 3.1: Flowchart of the System
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Digital Diabetes Coach:-

The Diabetes Digital Coach is an 10T based Diabetes Management System. They influence utilization of a
test to bed which gives the framework to portable wellbeing self-administration devices including patient's
training, wearable sensors and supporting applications and administrations so individuals with type 1 or
sort 2 diabetes 'make the best decision at the opportune time' to self-deal with their condition. The
information gathered from the proving ground will be additionally amassed and handled through an
examination stage, which will be utilized to distinguish in danger patients, enhance work drive arranging
and empower a more stratified way to deal with tolerant care.

loT-based continuous glucose monitoring system:-

Glucose checking is an loT-based framework whose design is from a sensor gadget to a back-end
framework for displaying constant glucose, body temperature and logical information in graphical and
intelligible structures to end-clients, for example, patients and specialists. It incorporates numerous
propelled administrations at an entryway level, for example, a push warning administration for informing
patient and specialists about the glucose level.

Sensor Layer

/ Android Gateway Cloud
Glucose M)) Administrator |
Sensor c A Control
s Ll
Contextual
Sensor ))
Notification Notification
) \ Local Storage . Local Storage
Data Processing Data Processing

Fig. 3.2: Continuous Glucose Monitoring using loT
Mobile Health Platform for Diabetes Management:-

Another 10T based stage to help self-administration of diabetes. This mobile health (mHealth) approach
takes into consideration different mind measurements of diabetes by methods for remote gathering and
checking of patient information and arrangement of customized and altered input on a cell phone stage.
Such help to self-administration of diabetes empowers ongoing clinical collaboration and input custom
fitted to the individual needs of the persistent, using present and chronicled understanding information. The
stage comprehends to what degree the patient's exercises consent to their individual treatment designs,
inferring rule based well-being pointers, and creating proper notices what's more, bolster as far as critical
pieces of advice. The physical layer of the stage consolidates remote hubs; every one of which envelops an
arrangement of therapeutic sensors connected remotely to a cell phone. The physical layer hubs are
connected to a Web-based application layer through a current media transmission foundation. A completely
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utilitarian model framework is planned, executed, and its conclusion to-end usefulness is tried effectively,
with high patient agreeableness levels exhibited by methods for a clinician-drove pilot think about.

Medical sensors

)
Weight scale X IG/LTE
")

& g
=2

3 Health portal

Blood sugar ) N
N2 Np

Fig. 3.3: Abstract architecture of the mHealth Platform

Blood Glucose Examination Framework:-

Glucose checking is an essential bit of diabetes organization, and the help of physiological blood glucose
obsession is the primary course for a diabetic to dodge hazardous diabetic disarrays. There have been
consistent advances in the field of glucose seeing in the midst of the latest four decades, which have incited
the change of exceedingly created blood glucose meters, non-prominent glucose observing (NGM)
contraptions and ceaseless glucose observing frameworks (CGMS). Our idea includes in understanding a
sharp system to help a diabetic patient during that time by day life, in a no obtrusive way. The grasped
system uses IR spectroscopy to choose the blood glucose level in a person. A part based clever adaptable
care structure with a Wi-Fi module, gives prepared organization in unending thought condition (Android
Application). The areas in our system join patients, specialists, relatives and therapeutic administrations
providers. Every one of the areas in structure convey to a man who utilizes a mobile phone, for instance, a
PDA to talk with the server setup in the care centre to such a degree, to the point that he or on the other
hand she can go around without controls. The structure is created for home usage of patients that ought to
be persistently or irregularly watched. In any essential condition, the required eating routine course of action
and zone of contiguous recuperating focuses are given. This ensures lively help of the patients and we can
without quite a bit of an extend save numerous lives.
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Internet of m-health Things “m-IoT” for Non-Invasive Glucose level Sensing:-

An idea of an Internet of m-wellbeing Things “m-IoT” has been presented recently and characterized as a
new idea that matches the functionalities of m-wellbeing and IoT for another and inventive future “4G
wellbeing” applications. It is understand that diabetes is a noteworthy perpetual illness issue worldwide
with major financial and social effect. To-date there have not been any examinations that address the
capability of m-1oT for non-obtrusive glucose level detecting with cutting edge opto-physiological appraisal
method and diabetes administration. In this paper, we address the potential advantages of utilizing m-loT
in non-intrusive glucose level detecting and the potential m-IoT based design for diabetes administration.
We hope to accomplish savvy distinguishing proof and administration in a heterogeneous network condition
from the portable human services point of view. Besides this innovation will empower new correspondence
network courses between the portable patients and care benefits through creative IP based organizing
models.

Personal Device For Managing Diabetes Therapy In Ambient Assisted Living (AAL):-

Diabetes treatment administration in AAL situations, for example, old individuals and diabetes patient’s
homes, is an exceptionally troublesome undertaking since numerous components influence a patient's
glucose levels. Factors, for example, ailment, medications, physical and mental pressure, physical
movement, drugs, Intravenous liquids and change in the dinner design cause unusual and possibly risky
variances in glucose levels. At this moment, tasks identified with measurements depend on insulin mixture
convention sheets, which are given by doctors to the patients. These sheets are most certainly not
considering exceptionally powerful factors, for example, glycaemic record from the eating regimen,
therefore patients need to gauge the measurements prompting dosage blunder, which finishes in
hyperglycaemia and hypoglycaemia scene. Subsequently, right insulin mixture estimation should be
bolstered by the up and coming age of individual care gadgets. Hence, an individual gadget has been created
to help and consider more factors in the insulin treatment dose computation. The Proposed arrangement
depends on Internet of things with a specific end goal to, from one viewpoint, bolster a patient's profile
administration engineering in light of individual RFID cards and, on the another hand, give worldwide
availability between the built up patient's close to home gadget in view of 6LOWPAN, medical
caretakers/doctors work area application to oversee individual wellbeing cards, glycaemic file data
framework, and the patient's web-based interface. This arrangement has been assessed by a
multidisciplinary gather framed by patients, doctors, and attendants.
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3.1 Comparison of Different Diabetes Management Systems
Parameter
User User
Cost Security | Complexity | Control | Flexible | Interaction
System Over With
System System
Robot
Assisted High Secure High No Yes Yes
Personal
Device in Medium Secure High No Yes Yes
AAL
Interactive
M-Health Medium Secure Medium Yes Yes Yes
Service
CGM System | Medium Secure Medium Yes Yes Yes
M-10T Medium | Insecure Low Yes Yes Yes
Blood
Glucose Medium Secure Medium Yes Yes No
Examination
Digital
Diabetes High Insecure High Yes Yes Yes
Coach
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Non-Invasive
Breath test High Secure High No Yes No

Limitation Of The Existing System

The Internet of Things can possibly give doctors important information that can enhance quiet results,
however there are a few obstructions to 10T reception in human services. 10T gives an extraordinary stage
to enablement of social advancement in fluctuated social orders over the world and with the multiplication
of Internet over the different areas of the general public in creating nations combined with bringing down
expenses of microchips and sensors will make loT gadgets available to low salary family units. Considering
the importance of security in 10T applications, it is really important to install security mechanism in loT
devices and communication networks. Moreover, to protect from any intruders or security threat, it is also
recommended not to use default passwords for the devices and read the security requirements for the devices
before using it for the first time. Disabling the features that are not used may decrease the chances of security
attacks.

Among the different security challenges, the most important challenges relevant are:-

» Security Concerns: With such a large number of interconnected gadgets out there in market
and bounty more to come sooner rather than later, a security is something which can't be
thought at a later stage. On the off chance that the IoT gadgets are inadequately secured,
digital aggressors will utilize them as section focuses to make hurt different gadgets in the
system. This will prompt loss of individual information out into general society and the
whole trust factor between web associated gadgets and individuals utilizing them will break
down.

» Development issues: There are part of issues identified with fast web and fundamental
innovation administrations design in the greater part of the creating nations. Until and
unless, a fundamental foundation is set up, gadgets would be of no an incentive to the
clients. As the innovation continues enhancing step by step the many-sided quality will
increment.

» Privacy issues: The likelihood of following and observation of individuals by government
and private organizations increments as the gadgets are always associated with the web.
These gadgets gather client information without their authorization, break down them for
purposes just known to the parent organization. The social grasp of the 10T gadgets drives
individuals to put stock in these gadgets with accumulation of their own information
without understanding the future ramifications.
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> Legal Regulatory and Rights issues: There are no concrete laws present which
encompasses the various layers of 10T across the world. The gamut of devices connected
to each other raises many security issues and no existing legal laws address such exposures.
The issues lie in whether current liability laws will extend their arm for devices which are
connected to the internet all the time because such devices have complex accountability
issues.

Conclusion

It is understand that diabetes is a noteworthy endless sickness issue worldwide with major monetary and
social effect. Profiting from innovation headways and cost lessening in remote systems and web
advancements, various electronic/versatile wellbeing (e/mHealth) applications have been proposed over
these years. As of late, more complex eHealth applications have been proposed and effectively actualized,
profiting by late progressions and cost decrease in remote systems and web innovations. We introduced the
working and hidden engineering of the most recent social insurance applications in view of Internet of
Things utilized as a part of diabetes administration. We investigated the issues and difficulties looked by
these most recent applications. At last we recommended conceivable arrangements and future research
headings in Internet of Things.
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