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Abstract
WBAN has gained considerable attention and becanengerging technology at health services due twiide
range of utilities and important role to improves thuman health. The proposed system consists fefretift
components, Pulse rate sensor which uses the bigtidanology to detect the flow of blood. Temperatsensor
is used to measure the temperature from the boegpheral hemoglobin oxygen saturation (SpOZ2), tloo
pressure and electrocardiogram (ECG) are measuweitheb nurses. Radio Frequency Identification (RFID)
reader with passive tags is used to identify theepa Arduino UNO microcontroller is used for dgacessing.
The patient parameters are transmitted via Blubtt@thnology to the base station. The base statfioh is
Raspberry Pi (RPi) B model 3 used to receive tHeeated data and acts as the web server, so theigiduy
accesses RPi to display different information. Tdigained results from different cases prove theh hig
performance of the system and sensor nodes thademigned. The overall system operates within diffe
environments conditions. If one sensor node isdaWn, the other nodes are still operate and daffett. Also
we improve the speed of the system response. Tageusf wireless communication to send the dataausof
the wired one as it provides a greater mobilityhte device. The cost is also minimized by utilizthg feature
of sending multiple parameters via a single node.
Keywords: Wireless Sensor Network (WSN), Patient MonitorirBjomedical, sensors, Microcontroller,
Arduino, Raspberry Pi.

1. Introduction

Usually, people suffer from many diseases, e.grthdigorders, diabetes mellitus which are inheritedl
disorders that are due to inappropriate diet ... Bifferent health responsibilities are increasihg tost of
health care system. In order to get benefits froireless technologies in health monitoring systermyna
researchers have made various researches withéssr&8ensor Networks (WSNs) to improve the mediekl f
[1].

WSNs are mainly composed of sensor nodes thathemeacterized by their tiny size, portability, caiiy of
data sensing, processing, storing and transmitfiingse characteristics enable them to be involwethany
fields (security, military, etc.). Other featuréisel mobility, tracking, monitoring, and timely dediring of data
has made this type of networks very important & itiedical field [2]. So a new framework has beayught
into medical devices; expanded their capabilitiesnvell as developed certain opportunities that gianize
healthcare systems. Briefly, patient health momitpsystems have been improved by using this tdognd3].
Biomedical sensors (which are used in patient monig systems) have the capability of measuringcgssing,
communicating and storing physiological vital paedens (e.g. heart rate, blood pressure etc.). Téas®ors are
characterized by being small in size, wearableligid in weight [4].

Biomedical sensor nodes form the basic unit of WBAWBAN is a special type (a distinct form) of WSBth
have the same challenges with certain differenseaq explain in Table (1).
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Table (1): Comparison between WSN and WBAN [6].
Challenges WSN WBAN
. . . Human bod
Scale Monitored environment (meters / kilometer). y

(Centimeters /meters).

Node Number

Many redundant nodes for wide coverage

Fewertdiin space.

Node Size

Small is preferred but not important.

[Brize is essential.

Node
Replacement

Performed easily.

Replacement of implanted node is
performed difficulty.

Node Lifetime

Several years / months.

Several years / months, smaller battery

capacity.
Accessible and likely to be replaced more| Inaccessible and difficult to replace in an
Power Supply . )
easily and frequently. implantable.
Data Rate Homogeneous Heterogeneous
. . . Small scale
Networking Large scale hierarchical network.

(Star network).

Biocompatibility

Not a consideration in most applions

A must for implants and some external
sensors

Security level
Lower

Lower

Higher, to protect patient information

Power demand

Likely to be large, energy supplyezasi

Likely to be lower, energy supply more
difficult

Node tasks

Node performs a dedicated task

Noderpesfmultiple task

2. Related Work

Alumona T. L. et al., (2014) [7] described monitmyisystem based on WBAN to monitor patient’s patanse
This research based on lightly sensors which ate@plhuman body. The researchers designed thisrayfsir
patients and elderly people for remotely monitoritigrefore reducing their visits to the hospifdie collected
data are transmitted to Intelligent Personal Digissistance (IPDA) device using ZigBee technology.

Alisinangglu F. et al., (2015) [8] designed and implementeystem that based on measuring body temperature

and heart rate. All these signals were displayedugh Liquid Crystal Display (LCD) in real time maer.
Bluetooth module was used to transmit data aftecgssing to the base station.

Miah A. et al., (2015) [9] introduced monitoringssem. The proposed system based on continuoukgcting
patient health information. Wireless data transngtunit was used to transmit heart rate and bedyperature
to the medical staff. The collected parameters displayed to the physician using Android device elias

application.

Yuvaradni B. et al., (2016) [10] also proposed stesyn for patient monitoring. In this system therheate and
body temperature parameters were collected andrhigted through internet to physician in hospitdierefore
physicians could monitor their patients remotelpi@y time.
Some summary points can be concluded fronatioe researches as follows: Most of researclebased
on using Personal Computers (PCs) or Laptops tolajispatients’ vital parameters; this feature ietgrthe
access to the system. Many designed prototypedbased on android applications to display parameters

52



Journal of Information Engineering and Applications www.iiste.org

ISSN 2224-5782 (print) ISSN 2225-0506 (online) NN}
Vol8, No, 2018 ISTE

physicians. This is not a satisfied feature sinzeafi physicians use android devices. One of ésearchers use
Apache Tomcat server which is not suitable for hdigimbase.

3. Proposed System Architecture

The architecture of the patient monitoring systam Hospital or at home) depends on the system desig
requirements. The proposed architecture, whichesgihed to monitor patient health in hospital, asddl on
three-tiers, as explained in Figure (1).

-

ANl 3
A
i Tier 2 \ /
Website Server 7‘“’“‘]1 Ward 2

Control Room

g

Physician Room Switch

Database Server b

Figure (1): Three-tier architecture of the proposed system

The first tier is represented by WBAN each patibas his/her own sensor node as explained before. Th
proposed system supposes that there are manytgdtieghe same ward, and each ward contains onel@®Rie.

The communication between the nodes and the RiRésepts the second tier in the architecture. RFcden

each ward represents the base station, which exenessages from the sensor nodes continuouslygtiro
Bluetooth communication technology. Each messageoimposed of sensory data, date, time, sensor code
(Sensor code is used by RPi to recognize the redaivessage, for example, for pulse rate messagéRR”

and “T” for temperature) and ID number. And by gagiag this information, RPi processes the message
then stores this information in suitable tables.

In order to establish the connection between RRicds and the main server, Ethernet cables are fosdtis
purpose. Eventually, the third tier is represertgdhe control room which contains the main and/ackup
server that contains the database of the systestel@ydatabase is composed of tables that are astdré the
patients’ personal information (full name, age, dgm address etc.), vital parameters and medistdryi They
also include information about the medical staffiygician specialty, phone number, address etca), ith
discussed in details later. The admin is respoadii control room, he/she has the right to marege update
patients and medical staff information.

4. Proposed Algorithm

a. Sensor Node Flowchart

As demonstrated in Figure (2), when the powefehe sensor node is on; Arduino prepares thesemode
for checking whether the Bluetooth port is avadabl not. If Bluetooth is not available, Arduinontimues
checking until connection is done. When it is, theduino checks whether the RFID reader is avadaiyl not.
If RFID reader is available, it reads patient’s; tathherwise, it will continue checking.
After node preparation, it should receive a reqtiesh the base station (RPi). If the received retjug not
correct, the node does not send a message. Bus,ifpulse rate sensor (TMP36 and Pulse Rate sensasure
vital sign continuously to be available at any timaeasures the heart rate and the real time detérmines
the date and time of this measurement. Arduino tcocts the message (that will be transmitted) whgh
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composed of date, time, ID number, and pulse natlesensor code. Sensor node then waits for intefviine
(e.g. five minutes) before sending the next message

Then Arduino processes the temperature data thae#sured by TMP36 sensor. Temperature messageh(whi
is composed of date, time, ID number, temperateggak, and sensor code) together with the pulsewassage
are sent to RPi at the same time. After messagesrtitting, sensor node wait for an interval (éag.five
minutes); therefore pulse rate is transmitted dorkd every five minutes and temperature everymemtes. In
the previous procedure, sensor node checks whé#tkeeprocessed parameters are valid or not. If trey
invalid, sensor node does not send messages. il in economizing more space for system dagalfasd
when the vital sign is cross the normal threshadsjator is enabled to get the attention of thesighan.

Start
Listen to blustooth Port Read date and time Read temperature
from the clock value
Is it available ? Read pulse rate value Process temperature value

}

Process PR value

Yes
Check RFID connection
Construet pulse rate l

Is it available ?
Yes
message Send temperature

Read patient tag l message

If
T>38 | T<35
OR

Is 1t a valid value ?

Yes

PR>100 | PR <60
7

Construct temperature
message

Send error ‘

message

Send pulse rate Send error 1
M message Enable LED or
Read pulse rate
Read RPi connection Buzzer
value again

request
Wait for determinant l
interval
Repeat pulse rate
J processing procedure

Read date and time

from the clock agan

Figure (2): Sensor Node Flowchart

b. Base Station Flowchart

In the other side as explained in Figure (3), BRirt a connection with the medical server. In orite
communicate with the nodes, RPi establishes Bldlketoonnection, sends them a request and then escaiv
message. If the message is correctly received sBfirates its contents and checks whether therserde is
“PR” or “T". If it is "“PR”, then RPi stores messag€elata into pulse rate table, and if it is “T”jdtstored in
temperature table. In order to store this infororatiorrectly, this depends on the tag ID number.
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|
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Figure (3): Base station Flowchart

5. Database Design
Database structure was explained and discussedajpter two, and as mentioned before, three tietabdae

structure is useful and more suitable for websjstesn. Database structure is represented by usglication
and database tiers. Also we mentioned that databasenposed of many tables that are connecteddi ether

by using primary keys, therefore this leads to ROBM

RDBMS is more suitable for the proposed system. fEtationships between the physician, patient, deungl
prescription tables etc. are explained in Figuje Bér example, the relationship between the patnysician
and notes tables as the following: Notes tableainstID (primary key), patient ID (foreign key), ygtician 1D
(foreign key), notes, time and date of the notegieRt and physician tables are joined to the niatiele through
ID field.
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Figure (4): Relational database diagram

6. System I mplementation

In order to implement the proposed system all hardwcomponents that comprise the sensor node are

connected together. In this system, two sensorsiadee employed; the first contains both pulse aatt body

temperature sensors, while in the second only TME&BBor is used. See Figure (5).
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W Figure (): Sensor node implementétion

Figure (6) shows how the RPi device (which contawedsite) is connected to the main server (whiahtaias
database) via switch device. This connection ightished via Ethernet cables.

Figure (6): Overall system implementation

7. GUI Design

This system is based on using website to allowpthgsicians to access the patient case wherevewhadever
they want.

Patient Personal information tab as explain in FEg(7), when the physician selects patient namk, al
information that is related are displayed.
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Vital Signs Patient's History Drug History

Patient Name

Selecs patient

Noor Kadhim Hadi IQBGD) Alkadumia | 77000000000 | 2017-03-21 | 10:30:00 | F2ZCCURLBL

© Copy right is resreved 2017 Activate

Figure (7): Patient personal information

While vital sign tab displays the parameters thatraeasured by the sensor nodes and the nurses.

Patient history tab displays both patient caseohisind all follow up notes. The notes are displaiyeseparate
panels that include the name of the physician wawritten the notes, the date and the time attwihiey were
written, see Figure (8). In order to add new ntite,physician has to choose the patient namejateeand time
of the note and select “follow up note” choice. Mwrite it in its specified. This information is éeld into note
table in database system by pressing “Insert Irddion” button.

[ ‘Select patient 1

cantral chest pain since 3 hours age

cnset central chest pain squeezing in nature radiated to
associzted with nausea and sweating but there is no
ER and after examination and doins full XS he is

~conscious -alert and oriented -chast pain -secd w.o.p

© Copy right is resreved 2017

Figure (8): Medical information in patient histdab
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Physician can display drug history as shown in EEg®). After selecting patient name, allergy tymel all the
drugs that were prescribed to the patient will lpldyed in separate panels according to the dategl®e name
of the physician who had prescribed them.

Vital Sign= Patient's History ‘ Drug Hiztory ‘ Caze Report

Prescription

Add New Prezeription

Patient Name

[ Select patiant ]

Mo Allersy

Dr. Laith Helmat at 2017-03-03 / 10:15:00

Aspirie
Aetylas vital
Angzezid tzb

Dr. Mohammed 3. Abood  at 2017-03-04 [ 22:45:00

Paracatol
Plavix
Plazil

© Copy right is resreved 2017

Figure (9):Drug history page

8. Results

Vital parameters that are measured by the sensemigplayed in data sensor tab. See Figure (HnpErature
and pulse rate parameters along with the date iamel &t which they were collected, are displayedvin
separate tables. While the parameters that wersureghby the nurse are displayed in offline dateasshown
in Figure (11).
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Patient's Hizstory

Dirugz History

Temprature

37.04

37

© Copy right is resreved 2017

Figure (10): Parameters that are measured by tisose
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Home Page 5 Patient's History Drug History

Sensory Data

Patienit Name

Selact patisat

2017-03-14 20:30:00

ful
(]
a

2017-03-14 13:06:00

m
o
&l

2017-03-13 16:26:00

ful
(]
a

2017-03-13 09:30:00

ful
o
a

2017-03-12 17:00:45

2017-03-12 13:00:00

© Copy right is resreved 2017

Figure (11): Parameters that are measured by ttse nu
In Figure (12), the statistical analysis of tempam values is explained. The chart is represebyetX”-axis

and “Y"-axis, which represent the time of measurstrand temperature value respectively. The labg#udes
the chart name like “Pulse Rate”, “Temperaturet, et
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3705 -

AT00 —
14.00 14.10 14.20 14.30 14.40 14.50 14.60 14.70 14.80 14.90 15.00

Figure (12): Temperature values report chart

Figure (13) shows the heart rate values chart47(2017). This explains that when pointing ontete circle,
the chart displays the value of pulse rate anddéie of measuring. SpO2 and blood pressure repogts
explained in Figure (14). After selecting the patieame and date of measuring, and when press [d)isp
button, the date field shows the current date.

=1 ruiz= Ralz Reading

Figure (13): Pulse rate report chart
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apo

| © Copy right is resreved 2017 |

Figure (14): Blood pressure and SpO2 values reports chart
9. Conclusion

Monitoring patient’s parameters continuously is artant, and when the number of the patients irhtispital is
huge, this process will be tedious, time and effortsuming for the physicians, therefore:

1- One of its benefits is to reduce stress and watkthat the medical staff suffers from.

2- By using the system the healthcare professiar@aigmonitor, diagnose, and advice their patiehte@atime.
3- System which measured heartbeat and temperatuaepatient and sent it to a remote end by theadfise
microcontroller at a reasonable cost with greagaff

4- The system is reliable, economical and usendlig

5- Itis easy to use, fast, high efficiency, anfsa

6- The implementation of the proposed system supper results obtained, we shows that this systethe
most suitable for monitoring the patients in hcagit

7- In contrast to other conventional medical equpmthe system has the ability to save data fourdut
reference.

8- The results show that this system monitors patiealth state continuously in real time and wdifferent
conditions.

9- This system provides the physicians with ustfetiback about the patient health case.

10- It reduces time consuming in touring for foliog up patients cases and in collecting patienaimpaters.
Therefore, provide more time to the physician #tofe more important cases in the hospital.
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