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ABSTRACT

Wireless communications and Wireless sensor networks is the recent technology
which have enabled the design with the required specification of low-cost, intelligent, tiny,
and lightweight medical sensor nodes that can be strategically placed on human body, create
a wireless body area network (WBAN) to monitor various physiological vital signs for a long
period of time and providing real-time feedback to the user and medical staff. WBANs
promise to revolutionize health monitoring.Physiological data from patients are collected
from the device named Medical sensors and it transmis to Intelligent Personal digital
Assistant (IPDA) using the technology WIFI /IEEE802.15.4 standard and to medical server
using 3G communications. We enhanced some requirements on priority ordering and data
compression into the some device in order to increase the transmission rate of physiological
critical signals which improve the bandwidth utilization. Hence ,it reduces the power
consumption during transmission by extending the life time of hand held personal server.

Healthcare and wellness management is one of the most promising applications of
information technology. The telemedical system focuses on the measurement and evaluation
of vital parameters, e.g. ECG, heart rate, heart rate variability, pulse oximetry,
plethysmography and fall detection. The proposed system presents a personal healthcare
system that is both flexible and scalable. Employing embedded wearable low-power sensors,
the system measures health parameters dynamically. For wireless transmission, these sensors
are connected to a sensor node through IEEE 802.15.4/ZigBee or bluetooth. Raspberry-Pi is
used as a sensor node. Because of some advantages and the features of the Raspberry-Pi can
be used as a controller not just as sensor node. To assess the physical health of an individual,
the system uses heart rate variability analysis in time and frequency domains. Results of the
analysis are then automatically sent to mobile devices carried by the individual or appointed
healthcare providers or other mobile devices through e-mail. In this way, mobile techniques
are used to support remote health monitoring services.

Keywords—Autonomic computing, sensor, Raspberry pi, IOT-based system

1.INTRODUCTION

Information and communications technologies are transforming our social
interactions, our lifestyle and our workplaces. One of the most promising applications of
information technology is healthcare and wellness management. Healthcare is moving from
reactive responses to acute conditions to a proactive approach characterized by early
detection, prevention and long-term healthcare management. In this framework, health
condition monitoring and wellness management are seen as significant contributors to
individual healthcare and wellbeing. This is particularly important in developed countries
with a significant ageing population, where information technology can be employed to
significantly improve the management of chronic conditions and, thereby, overall quality of
life. Continuous or even occasional recording of biomedical signals is particularly critical for
the diagnosis and treatment of cardiovascular diseases. For example, continuous recording of
an electrocardiogram (ECG) or photoplethysmogram (PPG) by a wearable sensor provides a
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realistic view of a patient’s heart condition by tracking such factors as high blood pressure,
stress, anxiety, diabetes and depression, during normal daily routines.

Further, automated analysis of such recorded biomedical signals supports doctors in
their daily work and allows the development of warning systems. This brings several benefits,
such as decreased healthcare costs, by increasing health observability, collaboration among
doctors and doctor-to-patient efficiency. Moreover, continuous monitoring serves to increase
early detection of abnormal health conditions and diseases, offering a way of improving
patient’s quality of life.

Nowadays, more attention is focused on the prevention and early detection of diseases
as well as on optimal management of chronic conditions. These functions are often
augmented by new location-independent technologies.In order to fully realize a pervasive or
ubiquitous environment, personal area networks (PAN) must be connected to internet protocol
(IP)-based networks.

Such integration enables resource sharing within networks, maximizing the utilization
of available resources. In addition, communication with the individual nodes in a network
requires an efficient addressing mechanism.

Existing system

In this section, we surveyed research works dealing with designing autonomic
systems, and investigate their ability to support 10T challenges. Many research activities
within the autonomic and self-adaptive research community proposed software patterns for
the design of autonomic self-adaptive systems. However, there is a lack of dynamic
coordination of the management processes as well as concrete implementation of these
patterns. Proposed four patterns for the coordination of multiple autonomic managers for the
network management: the stigmergy pattern, the hierarchical management pattern, the direct
interaction pattern and the sharing of the managed elements pattern .The stigmergy pattern
represents indirect interaction where the autonomic managers make changes on the managed
resources, and these changes are sensed by other autonomic managers that will do more
actions. Within the stigmergy, undesired behavior may occur at runtime if many autonomic
managers are involved, especially in system of systems. The hierarchical management pattern
adopts are flexive approach in which the autonomic managers (children) monitors and
manages the systems. In turn, these managers are controlled and orches Trated by another
autonomic manager. A seminal work identifying the interactions of MAPE loops through
considering both the inter / intra - interactions. The authors proposed five decentralized design
patterns for self-adaptive systems: the coordinated control pattern, the information sharing
pattern, the master / slave pattern, regional planning pattern and the hierarchical control
pattern. Within the coordinated control pattern, management processes belonging to the same
autonomic manager can interact with external management processes having the same type
and belonging to another autonomic manager. The information sharing pattern illustrates the
M-M interaction while the other processes operate independently. From the scalability
perspective, the second pattern provides a more scalable solution than the first one, since it
limits the interactions to M-M. The Master / Slave pattern considers the (M, E) as slaves
specific to the managed element, while the(A,P) as masters shared among the slaves. Forlarge-
scale systems, this pattern may cause problems related to the master overhead, if many
Monitoring processes send data to the Analysis process.

2. PROPOSED SYSTEM
2.1 Block Diagram
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Mobile communication devices can now provide efficient and convenient services,
such as remote information interchange and resource access through mobile devices, allowing
users to work ubiquitously. With the astronomical growth of the cell phone ownership rate,
mobile healthcare supported by mobile and wireless technologies emerges as a cost-effective
care solution with a better overall health outcome. A feasible mobile device for ubiquitous
healthcare must be cheap to produce, ultra-compact, lightweight and its power consumption
must be low. In addition to broad communication capabilities, it must support such functions
as health condition monitoring and display of biomedical signals. It is now possible to draw
inferences in real-time from a range of behavioral data made available via mobile phones.
Feedback can then be offered relating to these behaviors, enabling people to make better
everyday lifestyle choices and, ultimately, to better manage their health. Block diagram of a
healthcare system for health condition monitoring in a global environment enabled by the
flexibility and scalability of Raspberry-Pi and mobile communication.
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Fig.2.1 Block Diagram of System

As shown in the figure body parameters like temperature and heartbeat are sensed by
the temperature and PPG sensors respectively. The sensed signals are sent to the PIC
controller. At the PIC received signal are processed. PIC controller controls the received
analog signals and converts to the digital signal. The received data will display to the on LCD
and Waveforms on Patient side Personal Computer using MATLAB. The same data is send to
the raspberry pi wirelessly. For the wirelessly data transmission Zigbee is used. Raspberry Pi
will send received data to Personal Computer and mobile device. Raspberry pi send data to
personal computer using Zigbee. On the personal computer waveforms will display using
MATLAB. Raspberry pi will send data to mobile devices through E-mail. Raspberry pi will
also send the graphical view of data to mobile devices.

2.2 System Architecture

The system architecture of the proposed wearable sensors for remote healthcare
monitoring system is described in this section. The system is composed of three tiers as
shown in Figure 1 below.

42 I Dr.Anbu, D.Ravi, V.Sharmila, V.V.Ramya Shree| www.techpublic.in



International Journal of Global Engineering (IJGE) E- ISSN: 2456-3099

VOL 2 ISSUE 1 (2017) PAGES 40-50
Received: 1/09/2017. Published: 26/09/2017

The system composed of:
1.Wireless Body Area Network (WBAN)
2.Personal Server (PPS) using IPDA
3.Medical Server for Healthcare Monitoring (MSHM).
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Fig.2.2 System Architecture

2.3 First Tier
The core of this system is the user called the patient. Wearable sensors are attacked to

the patient body form-in wireless body area network (WBAN) to monitor changes in patient’s
vital signs closely and provide real time feedback to help maintain an optimal health status.
The medical sensors typically consist of five main components:

1. Sensor: it is a chip used for sensing. The sense physiological data from the patient’s
body.

2. Microcontroller: it is used to perform local data processing such as data compression
and it also controls the functionality of other components in the sensor node.

3.Memory: it is used to store sensed data temporally.

4.Radio Transceiver: it is responsible for communication between nodes and to
send/receive sensed physiological data wirelessly.

5. Power supply: the sensor nodes are powered by batteries with a lifetime of several
months.

Sensor nodes implemented can be used to sense, sample, and progress more physiological
signals. For example, an electro-cardiograph (EKG) sensor can be used for monitoring heart
activity, a blood pressure sensor can be used for monitoring blood pressure, a breathing sensor
for monitoring respiration, an electromyogram (EMG) sensor for monitoring muscle activity,
and an electroenphalogram (EEG) sensor for monitoring brain electrical arrive for each
sensor. In our design, a sophisticated sensor is integrated into the WBAN called Medical
Super Sensor (MSS). This sensor has more memory, processing and communication
capabilities than other sensor nodes as shown in Figure 1 above. MSS uses a radio frequency
to communicate with other body sensors and ZigBee is used as a communication protocol to
communicate with the Personal Server. Here we consider the technologies named Bluetooth
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and zigbee. In case of Bluetooth specification, it sup-ports maximum of seven active slaves
(i.e. sensors to be controlled by one master, personal server). But the number of sensor nodes
we are considering in this system are more than seven therefore Bluetooth technology is not
acceptable option. The second technology is ZigBee/ IEEE 802.15.4 standard. It has a short
range, low power consumption, low cost technology, capable of handling large sensor net-
works up to 65,000 nodes and reliable data transfer. It supports a maximum of 250kbps using
Industrial, Scien-tific and Medical (ISM) free band i.e. 2.4 GHz. There-fore, ZigBee is
adopted to transmit physiological signals from WBAN to the patient server.

2.4 Second Tier
Personal Server

The personal server interfaces the WBAN nodes through a communication protocol
using ZigBee. It is implemented on an Intelligent Personal Digital Assistant (IPDA). It holds
patient authentication information and is configured with the medical server IP address in
order to interface the medical services. It collects physiological vital signals from WBAN,
processes them, and priori-tizes the transmission of critical data when there is sud-den clinical
change in the current patient condition and data content for example changes in
cardiovascular signals, temperature, oxygen saturation, and forward it to the medical server.
Moreover, the IPDA has the capability to perform the task of analyzing the physiological data
intelligently and do a local reasoning to determine user’s health status based on data received
from MSS and provide feedback through a user-friendly and interactive graphical user
interface. 3G communications is used to connect per-sonal server and third tier together but
other long range communications protocols can also be used like GPRS, WWAN In order for
IPDA to improve the overall quality of differentiated service based on two schemes are
presented. They are Priority Scheduling and Data Compression

Priority Scheduling and Data Compression

There are different physiological signals that are nor-mally transmitted between the
sensor nodes and patient server. The transmission is divided into four types ac-cording to their
data rate and latency. Medical Server for Healthcare Monitoring (MSHM) is preferred in third
tier and it helps in receiving the data from personal server which is the backbone of the
entire implemented architecture. It can be viewed at medical centers where the medical
services are provided. It is intelligent because it is capable of learning patient specific
thresholds and learns from previous treatment records of a patient [20]. MSHM keeps elec-
tronic medical records (EMRs) of registered patients, which are accessible by different
medical staff, including general practitioners, specialists and doctors from their offices in the
hospital over the internet. The present state of the patient can be observed by the medical
staff.

3.HARDWARE | AND SOFTWARE IMPLEMENTATION

3.1 Healthcare Applications of Wireless Sensors Some of the Applications of
Wireless Sensors in Heal-thcare are Stated Below.

1) Heart Diseases

Cardiovascular disease refers to various medical con-ditions that affect the heart and
blood vessels. The condi-tions include heart attack, heart failure, stroke, coronary artery
disease. This disease is the leading cause of mor-tality in the developed world Heart
Organization stated that heart dis-ease accounts for about 17 million (about 30%) deaths
annually throughout the world and 80 percent of all deaths in China are caused by chronic
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disease About one-half of those who die do so within 1 hour of the start of symptoms and
before reaching the hospital.

2) Asthma

Now a days Millions of patients are suffering from asthma, a technology called
wireless body area network(WBAN) is used to monitor the allergic agents of these patients
in the air and providing real-time suggestion to the physician and/or to the patient himself. In
order to consult a remote server continuously the device called GPS is implemented. It
consults the progressed device by sensing the user’s reports to decide whether current ambient
air quality will threaten user’s health.

3) Cancer Detection

National Centre for Health Statistics in their annual report stated that about 9 million
cancer patients were diagnosed in 1999 and the number is increasing every year. Cancer is
now one of the biggest threats to the human life. A WBAN with a set of miniaturized sensors
can be used to differentiate between different types of cells and identifying cancerous cells,
enabling physicians to diagnose tumors without biopsy.

4) Diabetes

World Health Organization (WHO) reported that more that 220 million people
worldwide have diabetes and 1.1 million people died from diabetes in 2005. Following are
some of the complications that occurs as a result of dia-betes: amputations, blindness, kidney
disease, stroke, high blood pressure, heart disease Treatment in-cludes blood pressure control,
exercise, insulin injections. A WBAN can be used in a more effective way to treat diabetes,
by providing a more consistent, less invasive and accurate method for monitoring glucose
levels in the body.

5) Artificial Retina
Optoelectronic Retina Prosthesis (ORP) chips can be implanted into the back of
human eye, which assist blinds and/or patients with low vision to see normally.

3.2 Sensors

As shown in the block diagram the part is the sensors part that consists of different
health sensors like heartbeat sensor, temperature sensor.
1.Heartbeat sensor
2.Temperature sensor

Sensors are the wearable sensors are placed at the patient’s body. Sensors sense the
patient body parameters like heartbeat, temperature. The sensed data from the sensors send to
the sensor node.

3.3.PIC

The sensed signal from the sensors is received at the sensor node. Sensor node is the
controller which controlling signals received from sensors and converts the received analog
signal into digital signal. Sensors node is nothing but the controller. In this system PIC
controller is used as the sensor node. Main functions of the node are
1. Controlling signal
2. Analog to digital conversion
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3. Transmit digital signal

There are many advantages of the PIC controller so that it is selected for the sensor
node. PIC controller is fast than the other controller. PIC controller having an inbuilt ADC so
that for the analog to digital conversion of the received signal extra ADC is not required in the
system which decreases the system complexity. The digital signals from the PIC are
wirelessly send to the Raspberry pi. For the wirelessly transmission of the signal Zigbee is
used.

3.4 Raspberry-Pi

The digital signals from the PIC are received at the Raspberry pi. Raspberry pi cannot process
analog signals. Raspberry pi does not have in built ADC so that analog signals from the
sensors are converted into digital signal using PIC controller and then sent to the Raspberry
pi.Raspberry pi send the received signals data to mobile devices through E-mail. It is a small,
powerful, cheap, hackable and education-oriented computer board introduced in 2012 (Fig.4).
This credit card-sized computer with many performances and affordable for 25-35$ is perfect
platform for interfacing with many devices.

Fig.3.1. Raspberry-Pi

The Raspberry Pi board contains a processor and graphics chip, program memory
(RAM) and various interfaces and connectors for external devices. Some of these devices are
essential, others are optional but all Raspberry Pi models have the same CPU named
BCM2835 which is cheap, powerful, and it does not consume a lot of power. Raspberry Pi
operates in the same way as a standard PC, requiring a keyboard for command entry, a
display unit and a power supply. SD Flash memory card normally used in digital cameras is
configured in such a way to ‘look like’ a hard drive to Raspberry Pi’s processor. The unit is
powered via the micro USB connector. Internet connectivity may be via an Ethernet/LAN
cable or via an USB dongle (Wi-Fi connectivity). Like any other computer, the Raspberry Pi
also uses an operating system and the “stock” OS is a flavor of Linux called Raspbian. Linux,
as a free and open source program, is a great match for Raspberry Pi.On one hand, it keeps
the price of the platform low, and on the other, it makes it more hack able. There are also a
few non-Linux OS options available. The additional hardware and software requirements can
be achieved by already existing hardware modules and open source software. One of the great
things about the Raspberry Pi is that it has a wide range of usage.
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Based on the comparison of Raspberry Pi’s key elements and performances with
presented current existing wireless sensor nodes it is possible to summarize Raspberry Pi’s
processing power, memory, connectivity, multipurpose usage (USB), power consumption.
Raspberry Pi is ultra cheap-yet-serviceable computer board with compare to the other wireless
sensor node. With support for a large number of input and output peripherals, and network
communication it makes the perfect platform for interfacing with many different devices and
using in wide range of applications. By coupling it with Wi-Fi it can communicate remotely
what the Raspberry Pi makes very suitable for the construction of wireless sensor nodes and
Sensor Web nodes. Moreover, Raspberry Pi can be used as processing node in WSN
networks, not just as sensor node but also as controller.

In addition, data processing and decision making can be based on artificial
intelligence. Further, The Linux operating system usage provides additional advantages of
using Raspberry Pi as a Sensor Web node. Programming in high-level languages such as C,
C++, Python, or Java, solution implementation is quite simple and it is enabled to a large
number of users, opposed to micro controller programming which usually depends of
development Kkit.

By installing the Web Server on the unit and providing access to the Internet,
Raspberry Pi becomes complete and ideal system (hardware and software) for building Sensor
Web nodes. One of the possible Raspberry Pi usage scenarios, which are already
implemented, is creation of hardware device that has implemented sensor units and
communicate with Raspberry Pi via peripheral devices or via GPIO (12C) interface. The
developed Raspberry Pi prototype Sensor Web node is based on Restful services and created
in order to build the infrastructure that supports fast critical event signaling and remote access
to sensor data via the Internet (the detection of critical events is performed using fuzzy logic).

A. Wireless sensor network for a healthcare system

WSN is one of the fastest growing technologies in ubiquitous networking today.
Standardization efforts, such as IEEE 802.15.4, are geared to reduce costs, provide device
customizability for
diverse applications and create standards for interoperability. The IEEE 802.15.4 standard
was developed to address a demand for low-power and low-cost in low-rate wireless personal
area networks (LR-WPAN). Dealing with low data rates, IEEE 802.15.4 offers very long
battery life (months or even years) and very low complexity. The IEEE standard 802.15.4
defines the physical layer (PHY) and medium access control (MAC) sub-layer specifications
for LR-WPAN in the 2.4 GHz and 868/915 MHz bands. A free license to use the industrial,
scientific and medical (ISM) 2.4 GHz band is available worldwide, while the ISM 868 MHz
and 915 MHz bands are only available in Europe and North America, respectively. A total of
27 channels with three different data rates are allocated in IEEE 802.15.4, including 16
channels with a data rate of 250 Kbps in the 2.4 GHz band, 10 channels with a data rate of 40
Kb/s in the 915 MHz band and 1 channel with a data rate of 20 Kb/s in the 868 MHz band.
Channel sharing is achieved using carrier-sense multiple access (CSMA), and
acknowledgments are provided for reliability. Addressing modes for 64-bit (long) and 16-bit
(short) addresses are provided with unicast and broadcast capabilities. The main
characteristics of WSN devices are small physical size, low-power consumption, limited
processing power, short-range communication capability and small storage capacity.
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A number of studies and projects have focused on novel ubiquitous healthcare systems
utilizing WSN technology to simplify methods of monitoring and treating patients. A case in
point is the MobiHealth project, which developed a system for ambulant patient monitoring
over public wireless networks based on a body area network (BAN). Another example is the
Ubiquitous Monitoring Environment for Wearable and Implantable Sensors project (UbiMon)
at Imperial College London, which aims to provide a continuous and unobtrusive monitoring
system for patients to capture transient, but life-threatening events. It was designed to operate
across a wide range of devices, including low-power motes, PDAs and PCs, and it addresses
the special robustness and security requirements of medical care settings.

A wireless sensor network (WSN) is composed of spatially distributed nodes equipped with
sensing devices to monitor and to measure characteristics of the physical environment at
different locations. WSNs are designed and deployed for different purposes by various
organizations. WSN based monitoring applications range from simple data gathering, to
complex Internet-based information systems. In other words, the observations obtained from
sensor networks may be helpful in many software applications like environmental, industrial
and meteorological monitoring, building and home automation, medicine, urban sensor
networks, intelligent transportation, security, military defense, etc. Sensor nodes, as building
blocks of WSN, are consisted of four basic elements shown in Fig. 3: the sensor unit,
processing unit, communication and power units.

4. RESULT AND DISCUSSION
The Raspberry-Pi run on Linux based OS, an open source operating system. In this system
we used raspbian OS which is Linux based OS. The programming language for the
Raspberry-Pi for the system implementation is Python. The algorithm that is program flow for
the raspberry is as follow:

Initialize the Raspberry-Pi.

Load OS on Raspberry-Pi.

Select the input parameter.

Read the equivalent digital data of the parameter selected.
Display the received data.

Send the received data

got beat H139
recv [T38] e —
got Temp T38 - =
recv ['H99']
gsctvb[?Tag :]99 ‘ ‘ Temprature
got Temp T26
recv ['H84']
got beat H84
recv [T62']
got Temp T62
recv ['H168'] S e #
got beat H168 = ¥ S g
recv ['T39']
got Temp T39 0
recv [H119] ? 2 2
got beat H119 200
recv [T46'] Sy

got Temp T46 150 PN . Sy
recv [H73] . g ;' 2
got beat H73
recv [T31']
got Temp T31
recv ['H156'] 50
got beat H156
recv [T19']
got Temp T19 0 2 4 o 8 & =
recv [H180] rEading:

got beat H180

=
(=3
o

celcious
5 8 8

8 10 12

beat rate
=
1=
=)
»

[T38] i + 8
48 | Dr E]%ctVTemp 738 200+ 8/
recv ['H167']
aoft beat H167




International Journal of Global Engineering (IJGE) E- ISSN: 2456-3099

Received: 1/09/2017. Published: 26/09/2017

Figure 5shows the Raspberry-Pi program output.

For the monitoring and analysing purpose data is also sent to the personal computer
through Zigbee.The received data at Raspberry-Pi is sent to the mobile devices through E-
mail.

CONCLUSION

A wireless healthcare monitoring system using the mobile devices can be
implemented in a global network with thehelp of the Raspberry-Pi. PIC microcontroller
having some advance features then other series of microcontrollers like 8051. One is the
speed that is fast in comparison and can also be interface USB through it. PIC controller
having in built ADC which is the most advanced advantage of PIC which makes system less
complex by avoiding extra ADC in system. The Raspberry pi is a single computer board with
credit card size that can be used for many tasks that your computer does. With comparison
with other board Raspberry pi is more advanced in terms of cost, speed, features etc. In the
highly developing era, where directly or indirectly, everything is dependent on computation
and information technology, Raspberry Pi proves to be a smart, economic and efficient
platform for implementing the health monitoringsystem. With the use of comfortable
wearable sensors in global areas, the proposed healthcare system promises to improve the
flexibility and scalability of healthcare applications. In addition, an Android mobile healthcare
application can be deployed on mobile devices, such as smartphones, tablet PCs, and laptops
to monitor biomedical signals in real- time for healthcare services. We can also conclude that
with the evolution of network integration and the management of embedded devices operating
multimodal tasks, a more precise and universal healthcare service scheme can be realized.
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