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Abstract: In the modern era, wireless devices have entangled andric#dethe medical space on a large scale of effectiveness. To
monitor an elderly person who need medical attention in #réogic interval is very vapid using existing technologi&s conquer
this, we select a unique wearable sensor, so it can be renuotiéaring and data gathering of patients on the cloud thndbg internet

of things which adds the advantages of mobility. Thus ardtecclock medical attention can be given to the patient bgrdgs data
observation before medical condition to escalate. In thoskyall the viable options regarding patient surveillaace considered.
SVM is a supervised learning algorithm.In this work,ther@ineed to manually keep the label of the standard value afm&ier data
with what the range predicts the correct choice for the temirSVM model as the need for classification. Eventually, it lsa used

for optimal prediction algorithm. The strategy of this waskdone with the help of frontier technology, 10T and machierning.

This research work addresses the challenge in computingtitoiae the efficiency of prediction data with the loT-erabinformation
architecture-driven approach.
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1 Introduction concentration to their health; nevertheless, the traufitio
o , . medical methods can’t meet the needs of individual health
Medical information system and healthcare service ar§equirement. As the complement and extension of the
always the backbones of progress for the national welfaregagitional medical, telemedicine has been respected and
Emerging Internet of Things (loT) technologies and 5ccepted. The telemedicine requires the high speed, safe
mobile health scenarios provide opportunities for a newang steady mobile communication network to achieve the
generation of healthcare systems. Current developmergim, by which the medical adviser and patients can
meets the challenge of sensing patient’s health data withommunicate in real time. The coming 10T eB4,5,6]
the  security ~ guaranteed in  mobile  and s expected to drive a new phase of the telemedicine, and
resource-constrained settings as well as in fatalitythe hospitalize method of the patients is expected to have
situations. This work coordinates with an loT-driven g revolutionary change. Although the practice of wearable
architecture that' enables security data' classmer' it in area of healthcare system is still in preliminary
healthcare services. Demand for medical Servicestage, which can play very vital role in healthca@. [
increases rapidly because of worldwide aging and anjth the revolutionary growth of the Internet, a new
increase in population. The work analysis il],[  scope for medical fields from the incorporation of cloud
addresses a part of this issue and focuses on thgomputing and internet is to provide needs opportunities
subsequent analysis question: the way to change g the tracking medical records, hospital and even in
delivery of vital info notification to old individuals. This  gqcial fields also§,9,10,11]. This work cares about the
implies a constructive design approach and it progressegeg|th information, especially in elderly tracking

the 10T-embedded approach in additioB} ontains the  gppjication fields of the current study situation
loT-enabled realization architecture pattern and system

structural design for the effective delivery for critical
information notification to elderly individuals. With the
improvement of the world’s daily life, people show more
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2 Objective 3 Related work and motivation

The focus of this analysis is on the augmentation of the

biosensor wearable kit Pioneer. This work is attached to
The collaboration of machine learning and computationalthe architecture and application of a product in response
intelligence techniques transform healthcare to a newo some real or perceived problem. The newly realized
height and made it very easy for a medical professional taartifact contribution for elderly or physically challerdgye
analyze and track patient conditions. In these days therperson or patient is based on research, however, the
has been a revolutionary growth in the use of machineknowledge gained from the novel artifact design and its
learning in both biosensor data and pattern recognition fosuitability becomes a great integration of machine
computer-aided diagnosis. The aim is to bring thislearning and internet of things. Evaluation and
research work is to edify data collection and applicability of the proposed Pioneer approach are
communication from the wearable biosensor, in the areavaluated and accommodated in a demonstrated scenario,
of medicine, by the convergence of technology and thewhere a portable device-based system implementation
internet in the application of machine learning and with user wearable and evaluation. The prototype is
computational intelligence to medical diagnosis andrendered as a proof of concept to guide further research
prognosis. The aim of this device "pioneer” in this and development in this important area of research. The
process has to provide facilitation around the clock fordefinition of elderly individual as the basis of age 60+ is
those who require it. The sensors interfaced with thetaken in account in this research work on basis of
processor are used for monitoring the patient. The variouglassification of elderly individual as followed by the UN
peripherals interfaced with the processor are given in thealong with many other institutions and WHO, i.e. 60+
"pioneer”. The purpose of this research is as follows: theyears old 12. The electronic health record in the
patients who are restricted to their bed require 24/7database is a key feature of data analysis techniques for
attention and care, these sensors designed as it becomesking use of data. From Electronic Health Record, the
wearable for them with monitoring their vitals. The extraction of data is a significant and useful step for
sensors will serially communicate the data to Wi-Fi creating alarm. For a large amount of data, its pattern
module which will religiously communicate this data to a recognition and properties extraction have been done in
certain IP address. Owing to IOT distance is not adata mining. The health care system and the area of data
problem in monitoring patients so the patients whomining are growing together in terms of the prediction
require caretakers to provide continual medication can balgorithm. Recent healthcare system becomes
assisted through automation. Their movement andchuman-centric with respect to hospital-centrid3|f
orientation can be monitored through the MEMS sensor.Statistic study gives the ability to the medical practigon
Monitoring the patient health records in the periodic and planner in predicting risk and positive outcome4.[
interval is tedious using the existing methodology. To These ways are either simple ways of risk-assessment or a
conquer this, recent wireless sensor technologies and datophisticated machine learning method5][ and [16]
mining with cloud computing become most recent both are based on the relevant history of clinical and
advancements. From this wearable biosensor devicenedical records. The need of patient or elderly person
patient medical information monitoring and data must be classified as per an analysis of data in the
gathering from the remote station become a very easyntegration of healthcare system for personalized as per
task. The medical examiner will get alert of the vital requirements. The elder who suffer from a different type
information that would reflect any gradual changes in theof medical condition required rectification or awareness
condition of the patient, and care can be givenof as per need. So here research takes general need of
immediately. On existing methods, it is a challenge and ifelderly person for risk management when the critical
it's not to do, then there may be an adverse impact on theondition regarding health care system is an escalation.
well-being. To assess proposed architecture, it mayRegarding to the privacy of the patient, the electronic
conduct a formal validation regarding data extractinghealth record cannot be enquired continuously. Thus here
properties on a cloud. Also, in this study, it evaluates boththe prediction algorithm in machine learning makes it
communication stability and computational costs to cost-effective, reliable and event-driven approach. i th
highlight interference. The results and analysis show thamodern era, the 0T is emerging trend among industry,
the prototype provides a considerably optimized level ofgovernment, and communities to develop loT-enabled
gain in communication with security while its functional smart architectures and systems. For instance,it has been
properties are ensured. After this examination, "pioneer’come out with an idea of an loT-enabled architecture for
mimics as a doctor, to save the time of patient to go forthe healthcare system&7. loT enabled devices such as
medical report periodically. Here we elaborate (e.g. tablets, GPS, and various sensors) to offer new ways
cost-benefit analysis to provide a proof of concept andof emergency information deliveryl§]. Further work
hardware implementation, it may demonstrate a prototypesolves data analytics in a predictive way through a secure
of it and discuss the architecture and implementation ofnetwork Hadoop for big datalP]. The work states that
the demonstrator. Internet of things realizes intelligent identification and
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tracking, monitoring, and management by connectingtechnologies and data formats, the variety of available
anything to the Internet2)]. Research has shown that, standards and the mobility of the patients carrying the
the initial idea of this paradigm shifts is the ability of devices. It can be assumed that medical devices or
many things like the sensor to interact and collaboratesensors, in general, are resources that provide knowledge
mutually to achieve common goals towards pervasivehealthcare (i.e. data) about entities and are able to move
healthcareZ1]. The CodeBlue which is most well-known in space. The data should be accessible by each entity
healthcare research projects that have been created at théhenever needed. Cloud computing containing its
Harvard sensor network Lal22,23). In this approach, a following advantages such as high reliability,
few therapeutic sensors are kept on the patients’ body. Ivirtualization, high efficiency and scalability and
has been expected that CodeBlue to be set up in thenanageability, the formation of public cloud in the terms
hospital, critical care, stroke patient rehabilitatiomda of keeping the database, health problem and respected
disaster response. loT-enabled medical applicatiormnswer for the elder can promote resource sharing, cost
CodeBlue security issue is taken into account. Howeversavings, build medical monitoring and supervision system
the security part of CodeBlue is as yet pending. Thewith high efficiency. The architecture of an loT-based
traffic priority and RF-based location tracking has beenhealth caring system which can be used as mobile health
enable in CodeBlue2d]. The real time application on monitoring and the caring structure are shown in Figure 1.
m-loT and heterogeneous connectivity for measurementhis prototype device "pioneer” is able to identify odd
of glucose level has don@%]. Research work has been patterns and, make an intelligent decision about the
introduced the integration of vehicular and eHealth testsituation. Pioneer is connected to Wi-Fi, which transmits
beds PR6]. which suggested safety in wearable sensorsdata to the cloud. The system architecture includes the
[27]. The eHealth protocol information carries sensible following main components:
data and it needs integrity, confidentiality, and
availability. The privacy issue has been taken into account
for proposing pseudonymization of medical da8|[
The work had been focused on the digital emergence of
healthcare 29] and specifically monitoring for clinical .
environmen%[s]?tO]. It WF;S ShOW)I{l that activg employment 4.1 Medical Sensor Network
of Smart e-Health Gateways makes it of pervasive nature
for the healthcare monitoring system. Further such
mechanism integrate the parallel and the mobile
computing techniques to optimize the efficien8{]l The  The kit pioneer is here embedded in four different types
illustration has been done that how the "busyness” metricof medical sensor. MEMS are an enabling technology
comprising a sequence of sensor events corresponding teith smart microsensors. This category of the sensor is
user actions, can be made to monitor the user’s habitsised mainly for patients suffering from a seizure (fits) in
using a commercial loT system and data aggrega8@h [ epilepsy. It detects the motion and vibration in x, y, and
z-axis simultaneously. Heart bit sensor needs to find out
heart rate which is plays a vital health parameter directly
4 Proposed systems and its implementation showing the robustness of the cardiovascular system. The
interface unit, MAX232 is used to integrate sensor and
Architecting and developing loT-enabled emergencyARM processor. This performs the necessary ADC for the
information data passing and notification addressing theARM to process the data. The infrared LED transmits IR
special concerns of elderly people. This approach ismotion through the fingertip of the patient. The blood
estimated by the means of a real-time scenario with thepressure sensor (MPX 5500D) is a non-intrusive sensor
performance of the prototype. Recent research is used tatilized for estimating human circulatory strain. It utiid
signify progressive connectivity in systems and servicesmeasures of systolic, diastolic means blood pressure
which have given rise to a new technology, the Internet ofusing the oscillometric strategy. The sensor converts the
Things (loT). loT gives people a virtual environment to air that is pumped into it to sensible values using a
interact hence realizing, such as smart healthcare as papressure sensor. The ADC of the processor samples these
of a digital society. It has been visualized that in future, values to produce discrete signals. Digital-to-analog
currently provided healthcare system will be getting aconversion is performed internally by the processor to
paradigm shift from hospital-centered to home-centeredprovide the necessary output on the display. In units of
A well-known application domain of the 0T is given by Pascal, the pressure has been displayed on the LCD and
e-Health and in particular telemedicine applications thatthe web page. These all biosensors are attached to ARM
allows to seamlessly monitor patients and supportLPC 2148 for processing and it makes its all data
physicians. The availability of the resources (i.e. theaylat compatible to pass through Wi-Fi on the cloud where the
offered by the medical devices is of crucial importanceprocess of data extraction can take place with the
for proper decision making. Managing medical devices isthreshold. This threshold chart is given for all vital care
difficult due to the huge heterogeneity of communicationwhich has to be taken for the elder.
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Patient information Internet Cloud server  Back-End
System

Fig. 1: Generic architecture of the proposed healthcare system

Table 1: Table 1. Threshold chart for an embedded biosensor i”used here is ESP 8266. It is a low-cost Wi-Fi chip with

pioneer kit for patient full TCP/IP stack and microcontroller capability. This
Slno. | Parameter Normal aids in connecting the sensors to the internet with ease.
1 Memes(degree) 30-140 Initially, the Wi-Fi module is configured with MikroC
2 blood pressure(mm of Hg) 60 - 150 software and is connected to the hardware. The static IP
3 Temperature (fFahrenheit) | 95-99 address can be got from commands which are used
4 Heart rate sensor (Beats per minuie}0-100 effectively for data collation. Once ESP 8266 is

connected to the internet, the sensors send their values to
the IP address which is accessed through a
4.2 Smart e-Health Gateway HyperTerminal or a Web page. Around the clock,
' assistance is achieved effectively with a prototype which

In this loT-based healthcare application, a g',;uew‘,jyenables IOT. In this research study, the system has opted

between Body-worn sensor and the data passing betwedf! @ low-power Wi-Fi module to do the job. So, by
the protocols on the internet and activated parameter§nders"a'“j'ng IEEE 802.11 standard and implementing it
networks. In the processing responsibility for the " the proposed system,all sensors data can be connected

handling of the wireless sensor network for a portableto the internet. The wireless 802.11standard has two

health-care, smart e-health gateways can be entanglé&etwork architectures, infrastructure network and

with a lot of challenges such that security, scalabiliygan PeInt-to-point network. ~WiFi-enabled ~ sensors are
reliability. These challenges have been recognized a&sSsociated with an Access Point (AP) through which the

effectual advances in the frame of the Internet of Things.10des are associated with the internet. The module is

Certain IP address and communication protocol make thid"terfaced to the processor. ARM performs ADC on the

information accessible to authorized personnel with ease SENSOr data and serially sends it to the Wi-Fi module
which is configured by MikroC. The results finally output

to the specified IP address. The alert diagnosis can be
4.3 Back-End System viewed on HyperTerminal from the control center.

The back-end of the system are made of two major o

components, a local switch and a cloud computing stagét.4 SVM classifier

that includes broadcasting, data warehouse, big data

analytic servers and finally web clients as a graphical useiThe goal of this paper is to recognize biosensor data in
interface which works as a final visualization and real-time in order to monitor and control the requirement

apprehension. The collected data of health and contextf the patient. After analysis this can address the

information can play a very important role as a source ofclassification problem as a binary pattern recognition

big data for the statistical and medical research. Hereapplying Support Vector Machines (SVM): Set up the

wireless fidelity is a wireless networking technology database by experiments wearing the pioneer (wearable
which uses radio waves for connecting network experimental kit). For generating an optimal result and

connections and high-speed Internet. The Wi-Fi modulecharacteristic feature needs to use supervised PCA
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(Principle Component Analysis), SVM training and put the value from equation 4 to 3 equation Kernel
finally get the SVM filter. For classification, SVM is one function and then it is written as

of the best suitable supervised machine learning

algorithms. For a certain set of training data, SVM K(xi,xj) = ¢ ()T o () (10)
training data prepared a hyperplane, which distinguishes

the given data as much as possible by maximizing the and the most widely used four kernel function are
distance between two datasets of clusters. However, linear:

practically, data separation in given clusters is not K (%, X;) :xiij (11)
frequent because some of the points might fall in a gray

area which is not easy to separate linearly. If the data are and, polynomial :

mapped in higher dimension likewise in kernel function it

becomes separable and this way is an optimal solution for K(Xi,Xj) = {yx,T 4 r}d ,y>0 (12)
separation of required data.
of data where=1,...,| where
XieRn (1) ] )
4.5 SVM Simulation Method
and
yi€l, -1 (2)  In this work, we use the library (LIBSVM), a freely

wherexi is a vector in an n-dimensional space. If the available SVM software library, here we use MATLAB
linearly separable training set is there then manylanguage as software to generate the SVM models. To
hyperplanes exist produce the dataset for training model, here it is selected
as a random process to match the number of cases in the

f(x) =wi'xi+b (3)  training dataset. To match the required format of SVM,

. ) ) . the collected data are transformed as follows. Different
Wh|Ch eXaCtIy Categonzes all vectorsin the tra|n|ng Settypes of kernel functions' as linear and polynomia' are
I.e. _ tested and selected for the models on the basis of

sign(f(x)) =i (4)  performance. From the result of this research work patient

The value of hyperplane will ben — 1 for can easilly and very friendly use this he_alth care system
n-dimensional space. The aim of SVM is to find the wh|chl gives _them smart de_:msmn-makmg capabnmes.
training set into two groups;1 or—1 and maximizes the Nhormally associated with the risk for the elder:

distance (margin) between the hyperplane and the suppofrientation, blood pressure, temperature and heart hit. Fo

vectors. From this theory and usefulness, it can be sai@ach and every data point Xi, the model may prepare a

that SVM can be termed as a solution of the prediction Y displayed as a cross point on the graph. The
only difference with the previous graph is that the dots are

10 L ¢ not connected with each other. In order to measure the

f9 = (Tg'} EW WHCaisgdi ) accuracy of the proposed model, it has to compute how
much error it makes. Further, it can compare each Yi

W= ZJ'Nzlajijj (6)  value with the correlated predicted value Y and check

how far away these values lay with a simple difference.
*Here the expression Note is the error if we make a perfect
prediction Y not equal to Yi and the error will be zero. If
this procedure can continue for each and every data point
2_fs. o qwix LT s v (T and add the error then it can get the sum of the errors, and
[WiF* = {21207} {Zkeacionoied = Zjectj oy vh(X E(;)) if mean of the error is taken igr;l account result will get the
Subject to Mean Squared Error (MSE).

Substitute the value of w in equation 1 and, it become
as

Yi (WT¢(Xi) +b) > 1- Ei,Wheréi > 0, (8) MSE = %Zil\zll(yiyi)z (13)

where the training data are mapped to a higher
dimensional space by the functign and C is a penalty
parameter on the training error. Therefore, for any testin
vector x, the decision function (predictor), this equaii®n
used for handling data that is not linearly separable.

It is a regular way to measure the error in machine

dnearning from Root Mean Squared Error (RMSE) so it can

e used in place of it. To compute the RMSE and make it
square root and get that.

f(x) = signw' ¢ (x) +b) 9) RMSE= yMSE (14)
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5 Results and Discussions All the sensors value are fixed in the support vector
machine with the help of table where the range is given
Here in this kit pioneer we have five general vital life for normal condition which is tabulated in table 1. Here
support system health parameter are used for data mininthe value taken is very interesting that the table condition
and predicting. The parameter has been selected on basks just not only Google data or data taken from WHO or
of medical condition generally escalating at old age. Themedical council of US/UK/India, some data taken from
five parameters are systolic, diastolic, heart rate, bodythe real-time as well. The loT-enabled Pioneer Kkit
temperature, and orientation. All the dataset run with thedelivery approach seems to be effective delivery and
different classifier and corresponding true positive (TP),presentation of the critical information to the elder. This
true negative (TN), sensitivity, specificity, and test shows that it needs one complete architecture design for
efficiency calculated from the equation 15 to 19. In critical information of the elder (e.g.Pioneer architeetu
different data mining methods, SVM is one of the bestpattern is shown in figure 4) and how the data passed in
classifiers, especially in the condition defined as whereform of the message is presented to the users of the device
the parameter (feature) is high but the sample size ife.g. Pioneer device architecture). We would like to point
small. Machine learning techniques have been developethat the relevance of the existing emergency information
to make automated computers analysis to recognize thevarning systems may vary according to the incident, and
pattern and it connects it with smart decision-makingno complete system can be used in all emergency
system. In a larger perspective, the machine learningontexts. All the classifier applied and their confusion
technique is classified into two types. First the supervisednatrix plotted, and ROC collected through MATLAB.
learning technigue and second the unsupervised learning Based on the research results, in this work,
method. In supervised learning normally a predefinedauthentication, accounting, and authorization for loT -
algorithm is provided; despite in unsupervised learningbased healthcare system made up from distributed smart
normally used for clustering further in this method, no e-health gateways. This decreases the overhead forced by

predefined algorithm takes place. the therapeutic sensors without trading off the security.
Sensitivity: Therefore, the proposed architecture is considered a very
Sensitivity of a test is the percentage of all patientspromising solution to provide flexible and reliable
with disease present who have a positive test. security for this healthcare systems. The sensor data
stored on the cloud from a periodic interval of time is
Sensitivity%) = TP % 100 (15) differentiated via SVM classifier where the threshold is
(TP+EN) already provided based on standard health informative

data taken from WHO and medical council of
USA/UK/India. The design research allows a third party
or medical practitioner to draw an idea from data
collected.SVM has been broadly practicing in a different

Specificity:
Specificity of a test is the percentage of all patients
without disease who have a negative test.

TN segment of recognition, bioinformatics, and medicine.

Specificity%) = TNLEP x 100 (16)  This study makes smart decision making through SVM. It
(TN+FP) uses algorithm and techniques which perform different

Predictive value: tasks and activities to provide effective learning. Furthe

The predictive value of a test is a measure (%) of thestudy can represent complex patterns and how to exclude
times that the value (positive or negative) is the true value bogus patterns.
i.e. the percentage of all positive tests that are trueigesit
is the Positive Predictive Value.

6 Perspective

PositivePredictiveValu@o) = x 100 (17) Mainly The access to information on the remote place is

(TP+FP) implemented in this work. The Internet of things has been
proved that it becomes a very handy tool especially once
N it encloses an area of healthcare. The sensor outputs are

x 100 (18) transmitted to the specified IP address as intended. 10T is
the way of future in the area of smart decision-making
system. The objective set out to be achieved is to provide

Test Efficiency: . ; :
The efficiency of a test is the percentage of the times@ssistance around the clock, which has become a reality

that the test gives the correct answer compared to the totd]U€ © 10T and wireless sensors. These sensors help to
number of tests. abolish the need for physical assistance. Future

improvement in sensor technology will solve this

problem, enabling a fully automated system that can
mimic a medical examiner’s presence and care. The core
of the Pioneer is based on 10T and it enables a device

NegativePredictiveVal o) = TNLEN

(TP+TN)

E f ficiency(%) = (TP+FNTFP+TN)

%100 (19)
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Table 2: The result of ROC in the experimental set-up

Resultant Classifier
KNN Quadratic SVM SVM  fine
weighted discriminant | quadratic gaussian
TP 61 55 57 64
TN 32 33 36 35
FP 4 6 3 4
Accuracy 93.2 85.4 90.3 96.0
Sensitivity 95.3 85.9 89.06 100
Specificity 89.7 84.6 92.0 89.7
120
. S
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o =it L SVM FINE Gaussian
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Fig. 8: The plot of all algorithm with test data
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Fig. 9: The plot of accuracy along with all algorithms

which is embedded with an end to end information andenable more efficient healthcare provision to the young
system architecture, which delivers the critical and old alike by the means of preventive medical care.
information of the elder with integrity and reliability. €h
design prototype is a fully functioning health monitoring
device that not only displays the user’s vital parametersAcknowledgement
on a locally placed LCD screen but also stores the
parameters in a server-based database and relays it ov€he authors are grateful to the anonymous referee for a
the Internet to a remote healthcare specialist. The desigaareful checking of the details and for helpful comments
is simple and reliable and the underlying idea has been téhat improved this paper.
preserve its size and its portable nature so that user
movement is not restricted at the time of measurement.
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