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Abstract— In this paper, we propose an architecture for a smart
sensors system (SSS) that can be used by home care staff, nurses
and physicians to identify the patients who need an immediate
or urgent attention. The system is focused primarily towards
home bound patients who have limited mobility and reduced
ability to call for help when needed. The system will be helpful
in chronic medical conditions such as Congestive Heart Failure
(CHF), Chronic Obstructive Pulmonary Disease (COPD), and
Ischemic Heart Disease.

The smart sensors can monitor patient information like heart
rate (HR), oxygen saturation (SpO2), and electrocardiogram
(ECG/EKG) data. Moreover, the symptoms diary is maintained
through a personal digital assistant (PDA). The data from
the sensor network and PDA are automatically uploaded to
a remote server. The server records the patients information
and extracts the non-trivial information from the patients’s
histories, symptoms diaries and management strategies. The
system autonomously generates alerts to provide timely patient
care for patients in chronic medical conditions.

Index Terms— smart sensors, tele-health, congestive heart
failure.

I. I NTRODUCTION

DUE to recent advancement in electronics industry, wire-
less sensor networks (WSNs) are used for various ap-

plications such as security, military, health care, building
automation (HVAC), environmental and habitat monitoring
[1], [2]. WSNs consist of several battery constrained sensor
nodes that are equipped with sensor detection capabilitiessuch
as oxygen, pulse, EKG, as well as some computing and storage
resources; the sensor nodes are commonly known as motes.
As web is widely used for ubiquitous, pervasive, and seamless
applications, we propose a web-based architecture to design
an application that can assist home care staff. Moreover, the
database approach is used, as it provides an easy interaction
with the sensor networks [3], [4], [5]. For example, a sample
query could be as follows:

SELECT *
FROM sensors
WHERE (oxygen-sat < 89) AND
(pulse < 60 OR pulse > 110)

INTERVAL 30 minutes
DURATION 4 months

This work was partly supported by the Discovery Grant of Natural Sciences
and Engineering Research Council (NSERC) of Canada.

Dr. Sajid Hussain is with the Jodrey School of Computer Science,
Acadia University, Wolfville, Nova Scotia, Canada, B4P 2R6, (email:
Sajid.Hussain@acadiau.ca).

Dr. Sadia Majid Dar is with the Valley Professional Center, 70
Exhibition Street, Kentville, Nova Scotia, Canada B4N 4K9,(email:
Dr SadiaDar@yahoo.com)

For the above query, the query execution plan will
request the motes to acquire the sensor readings after

every30 minute interval and the query will be processed for
4 months. Additionally, the sensor nodes will only transmit
the readings if the oxygen saturation is less than89% and
pulse is less than60 or greater than110 per minute. The
interval and duration of monitoring of the patient information
can be adjusted according to the patient type and his or her
condition. The system parameters are also adjusted according
to the individual patient needs.

The proposed framework incorporates web services that
provide the abstraction for application, database, and network
layers. The remaining paper is organized as follows: section II
describes the requirements of patient monitoring application.
The server architecture and design are described in sectionIII.
Finally, section V concludes the paper.

II. A PPLICATION

The congestive heart failure (CHF) is among the top few
causes of morbidity and mortality in North America. Every
year a large number of patients die due to CHF. However,
the life expectancy and the quality of living for these patients
could be improved by providing smart home care facilities
(wireless devices) at their places [6].

Several symptoms and signs have been identified to give
a clue on the health status of a typical patient with Conges-
tive Heart Failure. These include patients weight, heart rate,
oxygen saturation (SpO2), EKG and a symptom scale. As an
illustration of these symptoms, an example is described below:

Ms. Jane Smith is a65 years old patient who was
diagnosed with Congestive Heart Failure three years
ago. Her symptoms are being managed with fluid
restriction, Diuretics, ACE-I and Nitrates. She visits
her family physician once a month for follow ups.
She needs to arrange the handi-transit service, as
well as request her neighbor to accompany her for
the doctor appointments. She has been hospitalized
three times in the last18 months due to aggravation
of her symptoms. Ms. Smith lives alone in an apart-
ment which is35 miles away from her family doc-
tors clinic. Ms. Smith’s medical condition is slowly
declining, and thus it has become difficult for her to
manage her appointments. The smart sensor system
will provide Ms. Smith with useful wireless devices
that can check her oxygen saturation, pulse rate, and
EKG at regular intervals. Ms. Smith will be checking
her weights daily and the device will record and for-
ward information about her body weight directly to
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the system. Ms. Smith will be given a symptom diary
to record the related symptoms. These symptoms
include dyspnoea, orthopnea, cough, abdominal or
ankle swelling and fatigue. Ms. Smith would rate her
symptoms on a scale of one to ten. This symptom
scale can be forwarded to the system through a web
browser or a telephone system.

This way, Ms. Smiths health care providers (HCPs) are
being updated with the information on a regular basis. The
SSS system is also able to generate alerts for the HCPs to
intervene. The parameters used in the above example provide
us with the key information on the health and symptom status
of a patient with congestive heart failure.

An expert system will be developed to assist the sensors
to identify the emergency situation using patients vital signs.
In case of emergency, the smart sensors will alert the corre-
sponding authority or personnel. Moreover, the continuousand
seamless recording of sensor data would be used for future
analysis. The physicians or nursing staff would be able to
monitor the necessary data for the out-patients using a web
browser or a personal digital assistant (PDA). The information
about the location and the level of the emergency situation will
be automatically forwarded to the first responders, if needed.

Similar systems can be developed to assist in management
of patients with other chronic conditions like COPD and
Ischemic Heart Disease. These systems are able to provide
accurate information while using minimum resources.

III. A RCHITECTURE

The architecture of the smart sensor system includes: a)
sensor network, b) server, c) symptoms diary (PDA), d) users,
and e) management. Figure 1 shows a sensor network that
consists of a base station and the patient related sensors such
as oxygen, pulse, EKG, and weight. Using license-free radio
frequencies, these sensors transmit sensor data streams totheir
corresponding base station. The base station collects the data
from the sensors and transmits the aggregated data stream to
the server through the Internet. The base station is the bridge
between the sensor network and the Internet.

The symptoms diary is managed through a personal digital
assistant (PDA), which is also connected to the Internet. The
patient fills the web-based form to record the entries for
dyspnoea, orthopnea, cough, fatigue, abdominal swelling and
ankle swelling. The entries are automatically uploaded to the
server with the corresponding time stamp. If the patient forgets
to record the entry, the server would generate a suitable alert
for the missing or delayed entries.

The management is prescribed by the physician and the
corresponding management entries are used to control the
monitoring application. For CHF patients, the management
entries include: fluid restriction, ACI-I, diuretics, and nitrates.
The management is stored as a database table and each
management modification is identified by the corresponding
time stamp.

The server consists of following components: a) knowledge
base, communication, allocation, database (DB), and services.

• The communication component receives the data streams
from the base station and PDA. The communication com-
ponent hides the underlying communication technology;
the sensor data could be received by telephone modem,
local area network connection, or a serial cable.

• The allocation component stores the allocation schema,
meta data, the types of sensors, symptoms, and manage-
ment strategies.

• The database (DB) component stores the data collected
for the patient. It stores the data received from the base
station, as well as the data received from the symp-
toms diary (PDA). The allocation component specifies
“what” is being monitored. On the other hand, the actual
monitored data is recorded in the database (DB). The
DB component stores the data in a relational database
management system such as IBM DB2, PostgreSQL, or
Apache Derby. The relational database assists in data
processing for customized data visualization.

• The knowledge component is used to extract the non-
trivial information from the data streams, meta-data, and
the usage of services. The data mining principles such
as frequent item sets can be used to extract the useful
information. The knowledge base will recognize the alerts
in the progress of the CHF patients on regular intervals,
and it will prompt the services so that patients can
have timely access to health care. The expert system
will be developed using patients’ histories and related
case studies. The intelligent techniques such as neural
networks and genetic algorithms can be used for filtering
the patients with immediate needs.

• Finally, services are provided to facilitate the manage-
ment and data visualization of the sensor data. The
services can be used to create customized applications
for the users. For instance, the services could use Simple
Object Access Protocol (SOAP) to communicate using
XML messages. Users interact with one or more services
to achieve their objectives. Users can be software agents,
programs, or patient care staff.

IV. I MPLEMENTATION

Although the complete system is not yet implemented, a
sample prototype sensor network application is developed to
demonstrate the seamless integration of sensor data streams.
Figure 2 shows the interface of a prototype implementation.
The top-most portion of the figure contains a table which
shows the description of the mote currently being displayed,
as well as drop down menus for sensor selection and interested
duration of time display. The TmoteSky sensors from Moteiv
Corporation are used in the prototype implementation. These
sensors are capable to monitor temperature, humidity, and
light. In our future work, we will incorporate the proposed
health-care sensors in the application.

Java related tools such as CeWolf [7] and Hibernate [8]
are used for the implementation of the web server and the
graphical user interface. Moreover, PostgreSql [9] is used
for data storage and management. Because sensors generate
continuous data streams, data visualization tools are needed
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Fig. 1. Architecture for Patient Monitoring Application

Fig. 2. Web-based prototype implementation

for data interpretation; the lower part of this interface shows
a graph of the retrieved sensor data.

V. CONCLUSION AND FUTURE WORK

The proposed smart sensor system architecture identifies
the important components of a smart sensor system (SSS)
application. As patients with congestive heart failure are
hospitalized twice a year or more, the above system will have
a significant impact on the health care by reducing this number
and by improving the quality of life for these patients. With
the help of the wireless devices and this SSS application, the
important information can be sent to the health care providers
to review on more frequent basis, so that they can intervene
and manage patients condition in a timely manner.

In the future work, we will implement the complete server
architecture. First, we intend to implement the functionality

of expert system. Then, we will incorporate the integration
of sensor data stream and PDA data. Finally, the allocation
strategies, management histories, and generic services will be
implemented.

Although we have not discussed the privacy and security
issues in this paper, these issues are extremely important in the
patient health-care system. Even seemingly benign sensorslike
temperature, light, motion, and humidty can be used to violate
the patient’s privacy. Hence, the smart sensors application
should be designed to maintain the patient’s privacy.
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