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Abstract

With the consistent development of remote sensor systems and Internet of Things (1oT) different parts of life
will benefit. 10T based pervasive human services framework can possibly give blunder free restorative
information and alarming system in basic conditions with constant checking. The device will minimize the
need of devoted medicinal staff for patient checking and help the ailing to lead an ordinary life other than
furnishing them with great restorative medical aid. This paper presents the working model which fuses sensors
to gauge parameters like body temperature, blood pressure level & pulse. A microcontroller board is utilized
for examining the inputs from the patient. Additionally all the procedure parameters inside of an interim
selectable by the patient are monitored. This is extremely valuable for future examination and survey of feeble
wellbeing condition. For more flexible restorative applications, this venture can be extemporized, by
consolidating continuous parameter observing parameters respiratory thoracic extension belt sensors and
annunciation frameworks, in this manner making it valuable in clinics as an exceptionally effective and
committed aid consideration unit.

Index Terms: Internet of Things, GSM- Global Standard Mobile Communication.

© 2018 Published by MECS Publisher. Selection and/or peer review under responsibility of the Research
Association of Modern Education and Computer Science.

1. Introduction

Today’s environment the healthcare plays a vital role in mankind. There have been numerous cases of health
issues throughout the year. There needs to be continuously monitoring of the conditions even before the vital
issues arise. So, it’s pivotal to be connected to the healthcare.

1.1. Introduction to loT

The Internet of Things (10T) is the system of physical articles, gadgets, vehicles, structures and different
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things which are installed with hardware, programming, sensors, and system availability, which empowers
these items to gather and fetch data [1][27]. The IoT permits items to be detected and controlled remotely
crosswise over existing system infrastructure [2] making open doors for more straightforward joining between
the physical world and PC based frameworks, and bringing about enhanced proficiency, exactness and financial
benefit [3]. When 10T is increased with sensors and actuators, the innovation turns into an occasion of the more
broad class of digital physical frameworks, which likewise envelops advances, for example, shrewd lattices,
brilliant homes, keen transportation and savvy urban communities.

1.2. Assessing loT Prospects in Healthcare

Worldwide Home Patient observing framework market has touched 85 billion in 2014 [5]. 10T is a
troublesome advancement which connects interoperability difficulties to drastically change the route in which
social insurance will be conveyed, driving better results, expanding proficiency and making medicinal services
moderate[4]. Industry investigators anticipate that the capacity for patients to assume more liability of their
wellbeing and the advancement of preventive measures are fit for upsetting current consideration conveyance
and will shape the eventual fate of social insurance. The idea thought behind this task has been to think of an
effective equipment stage and remote system engineering keeping in mind the end goal to remotely screen
tolerant, for different restorative information including heart rate, circulatory strain, body temperature,
measuring of oxygen focus in blood. The classifications of 10T based personalized healthcare systems are
Clinical care and remote monitoring. [8][28][29].The applications can be characterized in light of the sort of
system accessibility, scope, scale, heterogeneity, repeatability, client contribution and effect [6]. Today’s
medical devices were readily dependent on IoT for continuous real time data for analysis and it’s been
expanding and particular diminishing the expense of consideration [7]. 10T is the machine to machine (M2M)
communication by linking physical and virtual objects through exploitation of data capture and communication
capabilities [9]. All around, hypertension is a noteworthy ceaseless, non-transmittable ailment and a main
source of death and incapacity in monetarily creating nations [11][12]. In the event that the arm is underneath
heart level, the perusing will be too high, and on the off chance that it is above heart level, it will be too low
[13].The arm ought to likewise be still and bolstered at the elbow, in light of the fact that moving the arm or
broadening it without bolster implies applying the muscles [14]. The paper presents design and development of
a Non-invasive wireless blood pressure data acquisition instrument for remote monitoring based Micro-
controller and Bluetooth transmission kit [16]. Paper implements a cuff-less continuous blood pressure
monitoring device, which is consisted of two acquisition modules and an Android smart-phone.[17]. [18]
Presents a strategy where a man is at home, on a trek, or at his work place, he/she can stay associated with the
specialist and he can make prompt move if fundamental. A wrist finger system design has come to existence to
business sector [20]. [21] Presents a Reflectance-based heartbeat oximeter for noninvasively observing the
oxygen immersion (SpO2) and heartbeat rate (PR). [22] Presents a low cost, microcontroller-based unit uses
two light-discharging diodes as excitation sources, obtains reflectance information with a photodiode, and
sends these crude photoplethysmography information to a PC by means of a RS-232 serial connection. [23] In
this paper we exhibit the acknowledgment of a remote low power heart beat oximeter telemonitoring
framework able to gauge and transmit patient's blood vessel blood-oxygen immersion (SpO2) level and heart
rate (HR). [24] LM35 temperature sensor is utilized for estimation of body temperature and respiratory
temperature [25] presents a paper on body temperature estimation utilizing remote checking framework. [26]
Presents an outline utilizing a helpful remote temperature measuring gadget that is proposed fundamentally for
expansive quantities of clients, not for individual use. By analysis the recent developments of vital signs
monitoring, the problem were identified such as data error and accuracy in current measuring method and it
needs to be updated. Design a heartbeat oximeter that gives clinicians a non intrusive sign of patient's
cardiopulmonary status and to configuration body temperature estimation unit and to design pulse oximeter for
accurate measurement of heart rate. Finally to build a GUI interface for monitoring the vital parameters is
considered as big challenge. So the following section will give the details about the design and building a
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prototype of complex model which measures body temperature, blood pressure and heart rate in bits per second.

This paper has been divided into 6 sections, 1% section gives introduction & literature review, 2" section
updates about the latest monitoring system through 10T and system methodology, 3  section gives about
system implementation and design methodology, section 4" gives results and validation, section 5" gives
conclusion and section 6" gives future enhancement.

2. System Methodology
The methodology of the proposed system consists of the following three major functionalities:

e  Devising appropriate monitoring system for the measurement of vital parameters.

o Developing a proper data acquisition system to acquire the monitored data.

e To establish communication between the proposed system and the remote devices such as personal
computers, mobile etc., using a suitable communication technology.

2.1. Patient monitoring system

A reliable transmission protocol for Wi-Fi based wireless patient monitoring is implement, a Wi-Fi device
for fall monitoring which integrates detection, indoor positioning and other vital signs monitoring etc,. Design
and implementation of real time embedded Tele-health Monitoring system is utilizing Team viewer software
and low cost component to transmit data to physicians for monitoring, diagnosis and patients care at a
significantly low cost, regardless of patient’s location. The physiological parameters such as blood pressure,
Pulse rate and Temperature are obtained, processed using PIC microcontroller and displayed on web page
through html graphical user interface. If any vital parameter goes out of the normal range then alert SMS will
be sent to Doctors or care taker. In microcontroller based Health care monitoring system using Sensor network,
Blood pressure reading, heart rate or body temperature exceeds the standard range for any patient, the system is
able to notify using alarming system. The whole system is controlled by microcontroller PIC18F64k22. Light
signal is used in sensor network section of this embedded system as IR light does not have any harmful effect
on human body when it works in continuous mode. Pulse rate calculation and body temperature determination
is also embedded in this system using sensor network. The conventional method of measuring blood pressure
employs volume oscillometric method and trained personal is required to measure the blood pressure and it’s
on continuously basic. Whereas the proposed method employs photoplethysmography technique and an
illiterate patient can check his/her blood pressure just by pushing a button and measurement can be done on a
continuous basis. The rate of change of blood volume in an organ such as wrist has a linear relationship with
blood pressure. This rate of change of blood pressure in wrist is measured by an optical sensor network which
estimates blood pressure.

The advantages of proposed system are low cost, stores and processes physiological data, provides
communication through smart phones, personal computers, data is secured, reliable and system operates in real
time. The system is designed to monitor patient under critical care more conveniently and accurately for
diagnosing and can be interfaced with WIFI to bring it under network system and to facilities for the doctor to
monitor the patient’s condition sitting in his own office without being physically present near patient’s bed.

2.2. Data acquisition

The main requirement of the proposed work is to transmit the acquired data to remote locations. Various
communication technologies such as Wi-Fi, ZIGBEE, BLUETOOTH, GSM and GPRS are being used for data
transmission. We have employed Wi-Fi technology that allows electronic devices to connect to a wireless LAN
(WLAN) network and based on IEEE 802.11 standards. Such access point has range of 20 metres indoor and
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greater outdoor ranges. GSM standard is used for mobile communication. SMS facilities is also provided as a
part of GSM communication.

3. System Implementation

We have developed separate units to measure body temperature, blood pressure and heart rate. All the three
units are integrated on same board and are controlled by the microcontroller during the measurement and
transmission of vital parameters.

3.1. Measurement of body Temperature

For the measurement of body temperature, we have employed DS18S20 sensor which gives the output in
digital format which is an indicative of temperature to be measured in degree centigrade. The sensor has an
inbuilt IC which produces 3 states namely high, low and tri-state. A high state implies that temperature is
increased over previous value, low state indicates decrease in temperature with respect to the previous value
and the tri-state means that there is no change in temperature. The sensor is capable of measuring temperature
over a wide range from -55<C to +125<C. Since it gives output in digital format the microcontroller can directly
read the sensor output and no conversion is required.

3.2. Measurement of Heart Rate
Transmittance and reflectance are two methods used for measuring heart rate. In transmittance technique,
light from the source needs be to transmitted through the tissues. But this is troublesome in case of disjoint in

finger bone, since light cannot pass through it. Hence we have adopted reflectance technique which is
illustrated in Fig. 1. In this technique, light source strikes blood tissue and returns back. Heart rate is estimated

from the return light signal.
’ 7 [ S |

Fig.1. Finger Photoplethysmography (Reflectance Approach)

When forefinger is placed on sensor & the enable input is made high, the sensor produces Infra red light at
940nm as shown in block diagram of Fig.2. This light hits blood tissue & gets reflected which is sensored by
photo transistor of the sensor. The sensor output consists of series of pulse whose frequency depends on heart
rate. These pulses are subjected to signal conditioning in which following processes are done:

Filtering of the signals to eliminate unwanted elements.
Amplification to boost the signal to required level.
Convertion of signal into TTL waveform.

The TTL converted signals is applied to microcontroller which counts pulses for a duration of 15 seconds.
This counts is multipled by 4 to get heart rate per minute & it is displayed on LCD and made available on user
webpage also.
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Fig.2. Block Diagram of Pulse Oximeter
3.3. Blood Pressure

The block diagram of proposed system for measurement of blood pressure is shown in Fig. 3. The system
comprises of microcontroller, pressure transducer, cuff, motor and signal conditioning and ADC circuit for
conversions.

When the user presses the button, microcontroller sends a control signal which turns on the motor. The
motor pumps air into cuff. The pressure transducer generates two output signals with a time gap of 20ms. The
first output signal corresponds to systolic pressure and second one corresponds to diastolic pressure. These two
voltage levels are converted to their digital equivalents and then fed to the microcontroller. The microcontroller
compares these values with those stored lookup table, fetch the matched systolic and diastolic pressures and
displays on LCD. The same information is also made available on user web page.

Button

Control

—— Motor BP in Webpage (IoT)

Microcontroller

A A

DC AC
Component Component

Pressure »[ Amplifier » Band Pass Filter
Transducer

Fig.3. Schematic Block Diagram of BP unit.

4. Results and Validation

The proposed system is capable of recognizing the changes in vital parameters and takes about less than a
millisecond to detect the abnormalities in these parameters. The memory requirement is also less. The proposed
system allows multiple users to access the patient information as shown in Fig. 4. The snapshot of
measurement of vital signs of a patient using proposed system is shown in Fig. 5.
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Fig.5. Snapshot of a Patient Being Tested by Proposed Model.

Measurement of heart rate, blood pressure and body temperature was carried out on 10 patients of varying
age group (23 to 62 years) using the proposed model and measurement was also done on the same set of
patients by an authorized physician. The results are compared in tables 1, 2 and 3.



Table 1. Comparison of Heart Rate Measured by the Proposed System with That Recorded By Physician.
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SL. No Patient Age rieartrate (opm) *Error(%)
T name As recorded by Measured by proposed
Physician (HR;) model (HRy)
1 XXXXX1 23 91 89 +2.1
2 XXXXX2 37 97 96 +1.0
3 XXXXX3 42 89 91 -2.2
4 XXXXX4 54 100 100 0.0
5 XXXXX5 58 85 84 +1.1
6 XXXXX6 27 87 87 -1.1
7 XXXXX7 35 86 83 +3.4
8 XXXXX8 43 90 89 +1.1
9 XXXXX9 56 101 100 +1.1
10 XXXXX10 62 91 93 -2.2

* %Error=(HR;-HR2)/HR; ~ 100

Observe from table 1 that, the error in heart rate measurement lies in the range from -2.2% to + 3.4%. This
error is tolerable. The error is due to influence of ambient light.

Table 2. Comparison of body temperature measured by proposed system with that recorded by physician.

SL. ) Age Body temperature (= ¢)
No. Patient name As recorded by Measured by *Error (%)
Physician (T) proposed model (T,)

1 XXXXX1 23 30.5 30 +1.6
2 XXXXX2 37 28.3 28 +1.0
3 XXXXX3 42 32.4 32 +1.2
4 XXXXX4 54 30.8 31 06
5 XXXXX5 58 30.7 30 +2.2
6 XXXXX6 27 28.9 29 0.3
7 XXXXX7 35 29.1 29 +0.3
8 XXXXX8 43 30 30 0.0
9 XXXXX9 56 30.9 31 0.3
10 XXXXX10 62 32.1 32 0.3

* 9Error= (T;-T,)/T;~100.

59

The error introduced in temperature measurement varies from -0.6% to +2.2%, as given in table 2. This
amount of error is also within the tolerable limit. The error is due to fact that the proposed system displays the

temperature in whole number whereas reading record by physician as decimal places.
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Table 3. Comparison of Blood Pressure Measured by Proposed System with That Recorded by Physician

SL Patient Name Age Blood Pressure(mmHg)
No. As recorded by Measured by

Physician (BP,) | proposed model | *grror-1(%) *Error-2(%)

(Systolic- (S1)/ | (BP,) (Systolic-

Diastolic -(D1)) | (S2)/ Diastolic-

(D2))

1 XXXXX1 23 120/83 123/84 -25 -11
2 XXXXX2 37 130/90 130/93 0.0 3.3
3 XXXXX3 42 140/100 140/101 0.0 -1
4 XXXXX4 54 120/90 120/89 0.0 1.1
5 XXXXX5 58 155/106 150/105 3.2 0.9
6 XXXXX6 27 130/100 127/97 +2.3 +3.0
7 XXXXXT 35 120/95 118/92 +1.6 +3.1
8 XXXXX8 43 125/85 124/85 +0.8 +3.4
9 XXXXX9 56 140/100 138/97 +1.4 +3.0
10 XXXXX10 62 130/90 129/89 +0.76 +1.1

* %Error-1= (S;-S,)/S; « 100 *%Error-2= (D;-D,)/D; « 100

Observe from table 3 that the error introduced in the measurement of blood pressure is #3.4% which is in the
acceptable limits.

5. Conclusion

We have developed a system which measures human vital parameters such as body temperature, blood
pressure and heart rate. The proposed system is cost effective, reliable and easy to use. Measurement on ten
different patients with varying age group was done using proposed model. The results were tabulated and
compared with the readings of same ten patients recorded by the physician.

On accuracy point of view, proposed model gives an error of maximum #3%. The error introduced is
accounted as follows:

e  The light from surrounding source will have an influence on measurement of heart rate.

e  The accuracy of the digital output from the sensor decides the error in case of temperature measurement.

e  The proposed system gives reading of blood pressure in digital which has fractional part whereas the
readings obtained from the conventional method are whole numbers. The time gap between systolic and
diastolic pressures should be correctly estimated.

6. Future Enhancement

Since the proposed system is WIFI based and does not use the server, the measured data of a patient can be
accessed by an authorized person at a distance of 20 metre only. As a future enhancement a server can be used
in which the measured data can be updated so that information regarding patient can be accessed and analyzed
from far off place by a specialist.

The proposed system can be expanded to measure some more vital parameters such as SPO2, ECG and
blood glucose level (non-invasive) with data available on server.
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