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Abstract
Remote health monitoring is a new technology in Medical field. 
The aim of the project is propose a in-home Health Monitoring 
sensor network and monitoring platform that is for e-Health 
Application. This system can be used in order to avoid the fatigue 
of patients. It will be used for the patients who were under gone 
the major operation. The system needs set of sensor for monitoring 
the activities of the patients.
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I. Introduction
Chronic diseases are the major problem in the various countries 
that have a more influence on healthcare expenditure and these 
diseases will be most common problem among the elderly people. 
Lack of health and social care personnel forced to study new 
method that would have a relief to these challenges. Developments 
such as increased self-management of diseases, decreased costs 
of medical technologies, and new study results have added 
the potential of personal health systems to be a solution to the 
aforementioned challenges. 
People with chronic conditions, such as hypertension, diabetes, 
or sleep apnea, are already using technologies daily as a part of 
their treatment, and more solutions are coming to market all the 
time. Both before and during the study, many new and interesting 
technologies for home health monitoring have become available, 
and new studies have been published in this area. For example, 
in 2008, Intel released Health Guide PHS6000, which is a home-
end unit designed especially for older users. The unit has a touch 
screen, and can be connected to wireless and wired vital sign 
monitoring devices. 
The Philips Tele-health solution [16], enables a user to fill in 
surveys and measure his/her vital signs, which are then delivered 
to a healthcare professional. Most of the published studies that 
focus on developing and evaluating technology have one specific 
target group, most commonly the elderly living at home. What 
differentiates our study from the others is that we have focused 
on the problem of adaptability, aiming at a solution that would 
accommodate different types of end user needs and scenarios. 
In this paper, we planned for the an easy-to-install home health 
monitoring platform that can be used for various applications, 
including monitoring dementia patients, monitoring elderly 
people’s overall health, and short-term monitoring of rehabilitation 
patients after, e.g., a prosthesis surgery.

II. Related Work
To develop technology-based service solutions for supporting 
the independent living of elderly citizens, we conducted a user 
assessment study. 
Six different service scenarios were created and analyzed in six 
focus groups by young adults, elderly, and health-care professionals. 
The occurrence of most chronic diseases is strongly influenced 
by years of unhealthy lifestyle and lack of awareness in health 

behavior. Therefore, not only the seniors of today are of interest 
but also the opinions of younger adults. The younger adults have 
already a history of using many different devices and are likely 
to spend money on their wellbeing when aging. 
These issues suggest a possible change in demand of various 
health-are services is about to surface. Existing technologies for 
supporting independent living consist mainly of surveillance 
systems targeted for care institutions, alarm systems for indoor 
use and various devices for independent or tele-monitoring of 
vital sign parameters [11].
A home sensor network for wireless health monitoring, including a 
wireless sensor network, client for controlling the sensor network, 
and a data storage server. A common software and hardware 
microcontroller-sensor interface was defined to enable joint use 
of sensor technologies developed in three different projects [8].
To coordinate the care of veteran patients with chronic 
conditions and avoid their unnecessary admission to long-term 
institutional care. CHT involves the systematic implementation 
of health informatics, home tele-health, and disease management 
technologies. It helps patients live independently at home. The use 
of health informatics, disease management, and  home tele-health 
technologies to enhance and extend care and  case management 
to facilitate access to care and improve the  health of designated 
individuals and populations with the  specific intent of providing 
the right care in the right place at the right time [9]. 
A number of systems have been reported for wireless healthcare 
monitoring. The Code Blue project creates a WSN system for per-
hospital and in-hospital emergency care, disaster response, and 
stroke patient rehabilitation. Scalable Medical Alert and Response 
Technology (SMART). A wearable medical monitoring and alert 
system targeting high-risk cardiac/respiratory patients. The system 
includes continuous collection and evaluation of multiple vital 
signs, intelligent multi parameter medical emergency detection, 
and a cellular connection to a medical centre. By integrating the 
whole system in an unobtrusive, wrist-worn enclosure and applying 
aggressive low power design techniques, continuous, long-term 
monitoring can be performed without interfering with the patient’s 
every day activities and without restricting their mobility.

III. Proposed Method

A. Health Monitoring System
During the study, our objective has been to prototype system by 
creating a concrete experience of the system we are designing. In 
the design research field, this methodology is called experience 
prototyping, meaning a form of prototyping that “enables design 
team members, users, and clients to gain first-hand appreciation 
of existing or future conditions through active engagement with 
prototypes”. Thus, we attempt to give both the users, and especially 
the developers, a concrete experience of what it would be like to 
live at home, equipped with a sensor network.
At the beginning of the project, a scenario study to evaluate different 
service scenarios was conducted through focus group discussions. 
Amongst seven scenarios, the most desired one (home monitoring) 
included both indoor and outdoor positioning of the user for safety 
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and security purposes. In addition, the system in the scenario senses 
and alarms abnormal behavior indoors. Moreover, older adults and 
healthcare professionals valued scenarios including features for 
self-management of diseases at home. The scenario work served 
as a basis for our prototyping study. The complete system involves 
several levels of engineering work. The main emphasis of the 
study was on the adaptable Wireless Sensor Network (WSN), 
along with the developed sensors. Thus, other important areas, 
such as the security of the data transmission, personalization of 
the measurement data, final data storage formats, and service 
concepts. Our research objective was twofold: we wanted to study 
the experience both from the developer’s and user’s point of view. 
From the developer’s viewpoint, the research objectives were:

To demonstrate the proof-of-concept and validate it in a real 1. 
environment;
To consider which technical solutions were most suitable 2. 
for a platform providing a general solution for home health 
monitoring;
To determine the problems of such a system and drawbacks 3. 
of our technical choices in everyday life;
To determine issues that needs to be studied further4. 

IV. Developed Monitoring Platform

A. Network Architecture 

1. Selection of the Network Technology
Various wireless technologies for building lightweight WSNs 
exist. Our selection was made between Bluetooth and Zig-bee, 
which are open standards. Bluetooth enables direct connection 
with a variety of user interface devices, such as mobile phones. 
Its use as a sensor network technology has limitations in respect 
to the network configuration and power consumption. The latter 
issue has recently been addressed in the new Bluetooth low-energy 
specification. The benefits of the Zig-bee technology were low 
power consumption, relatively simple structure, network topology 
management, and large network size. We chose Zig-bee because 
support for larger networks was desired and because of its potential 
for lower power consumption. We also had some prior expertise 
with it.

2. WSN Implementation
Zig-bee uses the IEEE 802.15.4 standard to define the physical 
and data link layers. The Zig-bee standard itself defines network 
and higher layer functionality. To design a Zig-bee system, one 
needs an IEEE 804.15.4-compliant radio platform on top of which 
Zig-bee functionality is implemented, usually in software (SW). 
Our implementation did not include the optional Zig-bee security 
functions or the higher layer Zig-bee structures. The network layer 
stack, as also the underlying MAC-stack, is interrupt driven

3. Sensor Interface
Also called “common sensor interface” architecture was developed 
[11] to separate the radio technology from the measurement 
hardware. The idea behind this was that sensor hardware could 
be designed and built to be used with different radio platforms. 
This requires a defined physical interface to connect the sensor 
hardware, and radio part and SW architecture with defined function 
interfaces. In our SW implementation, each sensor comes with 
its own sensor driver, which is controlled by the sensor node 
application.To introduce a new sensor, the sensor developer 
defines a new sensor type/class code for the sensor and the data 

structure that the sensor uses for transmission. The home client 
administrator to generate a new sensor model for parsing the data 
from this sensor class uses this information. The sensor node’s 
main application glues the Zig-bee network and the sensory data 
together. This application initializes and configures the Zig-bee 
network connection, initializes the sensor drivers, and relays and 
processes data moving between the sensor drivers and Zig-bee 
network.

4. Network Realization
In our test studies, we used a star type network topology, i.e., the 
sensor nodes were directly connected to the network coordinator. 
The network range can be extended by adding router devices. In 
our small test apartment, the sensor nodes were able to connect 
directly to the coordinator, from anywhere within the apartment, 
therefore, no routers were required. Because of the limited data 
bandwidth and potentially large amount of nodes in the network, 
the allowed amount of transmitted data per sensor is restricted. 
To reduce the amount of transmitted data, some sensors need 
to perform data processing locally before sending. By this, the 
data communication can be restricted and the use of bandwidth 
controlled. The network traffic was reduced.

B. Realized Test Sensors
We have developed for or made compatible with our monitoring 
platform different types of sensors. The self-developed custom 
sensor include a heart rate (HR) sensor, an infrared (IR) sensor, 
In addition, a prototype floor sensor, based on capacitive 
measurement, was tested along with the rest of the system. Most 
of the sensor data are processed at each sensor node in order to 
derive relevant information from the data and to minimize the 
amount of the transmitted data.

1. HR Sensor
Our HR sensor uses a one-channel ECG, measured with 
commercial electrodes, to calculate the HR. We are using a very 
simple, but fairly robust, QRS-recognition algorithm in which 
QRS-complexes are recognized by a simple descending slope 
detector, which adapts to the measured ECG signal amplitude. 
Five R–R intervals are gathered to the memory and transmitted 
in one packet to save energy. 

2. Bed Sensor
The bed sensor measures basic physiology, such as HR, movements, 
and respiration rate during the bed time. The bed sensor is installed 
below the user’s mattress. The sensor calculates different minute-
to-minute features, which are sent to the home client. During the 
tests, time spend in bed, average HR, average breathing frequency, 
and average activity were calculated for each night by the home 
client and sent to the health database. The time spent in bed was 
calculated from a minute-to-minute bed occupancy data between 
the patients sleeping time.

3. Infrared Sensor
An IR sensor was developed to detect the presence of a person or 
use of heat-producing appliances, such as a stove or coffee maker. 
The sensor array consists of seven sensors made of Polyvinylidene 
Fluoride (PVDF) and can be directed toward the area of interest. 
A slowly rotating and perforated disc interrupts the incoming 
IR radiation. The amplitude of the generated signal is used to 
calculate the temperature difference between the incoming IR 
radiation and sensor.
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4. Floor Sensor
The sensor consists of a thin, laminated mat installed under the 
floor mat and sensor electronics. The sensor electronics were 
hidden within baseboards. The measurement is based on the 
change of stray capacitance between two electrode tiles caused 
by movements of a conductive material near the laminate mat. 
Since the human body is conductive, the technology measures 
the presence of the person itself. The advantage of this method is 
that one does not need to carry any kind of tag to be positioned. 
On the other hand, this makes the identification of a person and 
the tracking of two or more closely situated. Persons extremely 
challenging. However, in single-person households, such as in 
our test cases, this multiple person separation is not a major 
problem.

Fig. 1: Functionality of Health Monitoring System

In this method, the sensor nodes will receive the data from the 
patients and it will communicate that data to the sensor router. 
The sensor router will then manage the sensors and transfer the 
data to the server through the interim nodes. The data will be 
communicated at the regular interval of time. The server will notify 
the care coordinator when the sensor nodes transfer the critical 
data. The medical server will also have a intelligence interface 
so that it also can communicate with the client end with some 
predefined remedy for most common problems. Then the medical 
coordinator will communicate for severe problems.

V. Experimental Results & Discussions

A. Issues Discovered
Table 1, lists observation made during the operational test and 
during the case trials. Some of our practical findings may seem 
rather simple and not novel from a technical point of view, but 
they are all issues that need to be taken into account during 
development of the functional home e-Health platform. Fig. 2, 
shows Performance Analysis.

Fig. 2: Performance Analysis

The home client administrator to generate a new sensor model for 
parsing the data from the sensor class uses this information. The 
sensor node’s main application glues the Zig-bee network and 
the sensory data together. One of the objectives of the study was 
to combine both custom and commercial sensors in the system. 
However, the lack of common standardized communication 
interfaces is still a huge problem for WSN developers. It was 
hard to find a blood pressure monitor or a weight scale with at 
least some kind of digital interface for data extraction

Table 1: Issues in using Sensor for Monitoring the Patients

Estimating the 
sleeping time

The bed sensor accurately 
estimate the patient’s sleeping 
time but this is not the case if the 
person stays in bed longer than 
the sleeping time. The estimation 
is bed sensor is reasonably 
reliable.

Data storage 
in sensors

In the case of network absence, 
sensor should have the small 
memory in which the readings 
will be stored until the network 
functions again and the readings 
will be moved to the server

Local data 
Storage 

All the data must be gathered 
locally to ensure that data are 
not lost if the connection to the 
remote server was lost.

VI. Conclusion
We propose a health-monitoring platform consisting of a chosen 
set of sensors, a Zig-bee network, a home client, and a remote 
server. The platform is easily adaptable for various user needs 
with the aid of a common sensor interface. Compared to similar 
existing systems, we used both medical sensors and sensors 
measuring the activity of the user in our realized system The 
biggest challenges we faced with system ranged from the lack 
of the device interoperability with commercial sensors, to the 
problem of allocating measured values for the identified user, and 
to the user acceptance of these kinds of systems. In addition, we 
planned to have the local server on the client instead of the server 
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at the remote end. The local server will avoid the over load to the 
server. It might increase the efficiency of the data communication 
in the network
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