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JeongWon Kim, Member, KIMICS

Abstract—it can improve human being's life quality
that all people can have more convenient medical service
under pervasive computing environment. For a pervasive
health care application for diabetes patient, we've
implemented a health care system, which is composed of
three parts. Various sensors monitor both outer and inner
environment of human such as temperature, blood
pressure, pulse, and glycemic index, etc. These sensors
form zigbee based sensor network. And medical
information server accumulates sensing values and
performs back-end processing. To simply transfer these
sensing values to a medical team is a low level's medical
service. So, we've designed a new service model based on
back propagation neural network for more improved
medical service. Our experiments show that a proposed
healthcare system can give high level's medical service
because it can recognize human's context more concretely.

Index Terms—ubiquitous, BPNN(back propagation
neural network), sensor network, healthcare, etc.

I. INTRODUCTION

Ubiquitous computing is the most upcoming
technology in IT industry on 21th century. To realize this
technology, it needs various technological elements such
as network, application, platform and device
standardization. Also, access conveniency, security
problems have to be solved in advance [1, 2].

Healthcare service in ubiquitous application may
improve human beings' life quality and current service is
just limited on some simple service such as heart
pressure, electrocardiogram, etc. But if the element
technologies are solved, more improved healthcare
service may be introduced.

For life care service, blood component detection
sensor, environment monitoring sensor, body signal
analysis, activity tracing technologies are lively studied
with IT combined[3,4,5,6].

Also, in other applications, an organism detection
service can notify doctor urgent messages of heartbeat
and oxygen saturation electrocardiogram through sensor
network and old people care service can monitor their
health with badges attached on their clothes.
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Ubiquitous sensor network on pervasive environment
means a wired or wireless telecommunication technology
based network which is formed between sensor nodes to
utilize both environmental and physical information for
human life. The basic operation process is as follows:

Sensor node transfers data which is service request or
created information to sink node, which responds to user
actions or uses the data statistically.

This sensor node means a system that transfers the
initial data monitored in physical world through a wired
or wireless telecommunication technology. This node is
composed of processor which performs data processing,
communication channel establishment, middleware
processing. The sink node is called base node or relay
node because it communicates with outside network
without IP.

In this paper, we have implemented a healthcare
system that can monitor diabetes patient based on the
previous research [8]. The implemented prototype is
composed of two parts: front-end and back-end. The
front-end monitors’ patient's body signal and transfer
these data to gateway through a sensor network. The
back-end stores body signals, analogizes the data, and
then automatically sends message to doctor if any
urgency.

These sensor nodes is very small one which
TinyOS[9] is installed, operates zigbee, and forms sensor
network with other nodes. Theses main actions are to
collect body signal, process adequate format and transfer
these data to server. And gateway is mobile terminal
which functions a connection between sensor network
and outside network.

The previous works related with our paper focus on
monitoring human body and doing adequate action as
well as observing environment of human beings. But, to
provide an improved health service, whether the patient
is good, bad or trivial state should be considered. Then
context recognition technology must be used in the
healthcare system.

This paper is composed as follows: chapter 2 show
related works, chapter 3 depicts the implemented
prototype, part 4 suggests a context recognition model,
chapter 5 shows experiment results, and chapter 6 draws
a conclusion.

II. RELATED WORKS

Generally, healthcare system needs variable technologies
such as human body sensing, sensor network, middleware.
This chapter introduces these related works.
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Elite care [10] adopts various ubiquitous technologies
and monitors real life health of old people who are
attached location trace sensors to theirs body. These bed
sensors check weight and movement. Sensors in
restroom check electrocardiogram and body temperature.
Sensors of toilet stool can measure glycemic index.
Locestor's smart mirror can check skin variation. Its belt
measures glycemic index and its smart socks
electrocardiograms [11, 12].

Projects to establish ubiquitous network are as
follows: CoolTown[13], Aura[14], Pervasive computing,
Smart Its[15], EasyLiving[16], TTT[17]. HP's CoolTown
project connects between real world and cyber world and
it is composed of World Wide Web, software, service,
and facilities. CMU's Aure project is about invisible
computing and its basic idea about the most important
computing resource is human concentration as hardware
source is already enough developed.

Pervasive computing is to locate computer and sensors
in every place such as device, house, office, factory, etc.
Microsoft's EasyLiving project is to create an intelligent
space so that everyone can live conveniently. The TTT
of MIT media lab is that computer comes to human's
daily life, cooperates with each other and can help
human's life. To realize this idea, various intelligent
technologies are used.

Now, works about context recognition are introduced.
[17] provides a model to conduct standing, walking,
sitting using wearable acceleration, angular velocity
sensor. [18] is house n project of MIT and
provides context recognition model to recognize old
people's daily life. [19] disposes microphone, record all
sound, and recognize context to percept all activities of
human in house. [20] provided a model to cognize
hospital works' activities who attaches RFID tag in their
body. It creates special induction rule and updates the
rules through works' experience, but handling these rules
may be too difficult to general workers. [21] uses
backpropagation neural network to monitor hospital
workers' activities who use PDA. It monitors daily
activity of workers but this paper can cope with only
urgent context of old people.

1. STRUCTURE OF HEALTHCARE
SYSTEM

This chapter describes the structure of implemented
healthcare system to recognize the context of diabetes
patient.

Figure 1 is an implemented prototype in which user
always attaches sensor in one's body and one's physical
state is automatically monitored, which continuously
transferred to medical information server.

Our prototype is composed of two parts: frontend and
backend. Sensors in frontend construct a sensor network
through zigbee and base sensor node collects all sensor
data and transfers these data to gateway. Also, the
gateway is a kind of mobile Linux terminal which delays
sensor data to backend.
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Fig. 1 System structure

A  medical information server in backend is
constructed and accumulates the patient's body state.
And, through backpropagation neural network, it
recognizes the patient's context and provides doctor
provide more improved medical service.

A. sensor node

Our implementation has installed the tinyOS of
Berkeley university and telos[9,22] platform for sensor
node. This telos platform is based on TIMSP430
microcontroller and Chipcon2420 RF-installed sensor
which is featured low power consumption as well as
zigbee protocol support. The version of TinyOS is 2.x
and all applications were developed by NesC.

A device of Genecell Company can measure blood
pressure, pulse, and glycemic index, which is attached on
wrist and can easily check them. We have developed a
sensor node attached to this device which gets sensed
data and transfer to base node.

Fig. 2 Blood pressure and diabetes sensor node

1) Protocol

This blood device of Genekcell Company supports
RS-232C with 9600 bps and also transfers sampled data
to PC with Cp2101 USB to UART Bridge of Silicon
Laboratories.

First 1bit is start bit with value 0, middle 8 bits is data
and first sends LSB, and last bit is stop bit with value 0.
This device outputs total 11 bits and main features is as
follows: Rxd / Txd Send triple wire, Data 8 bit x 1 stop
bit, parity bit none, start bit 1.
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2) Event diagram

Figure 3 is a event diagram of this sensor node. Since
the NesC is event driven language, the operation feature
is characterized by event diagram. In this figure, the
Hyper DPressureM component is connected timer, LED,
UARTI1, UART2, GenericComm, and FrameM. The
timer is to sample blood related value periodically. LED
is check communication status as well as debugs a sensor
node. And GenericComm is to transfer sensed data by
RF or serial port to sensor node. FrameM component is
connected to Hyper DPressureM to transfer sensed data
to base node.

StdContml

Fig. 4 Base node

B. Base node

This base node collects data generated by sensor node
and transfers these sample data to gateway. The base
node communicates with sensor nodes by zigbee and
figure 4 is base node.

MCU of base node is Atmegal28L and Chipcon's
CC2420 is used for node's RF. Some ports are used for
downloading and debugging and attached to gateway.
Our base node is composed four parts: power supply, RF,
MCU board, serial interface for gateway connections.
750mAh*2 battery or gateway's power is used for base
node power. RF part is composed of Chipcon CC2420,
16MHz crystal and SMA connector to attach 2.4GHz
antenna.

C. Gateway

As the data generated by base node is needed to send
to a wired or wireless server, we have implemented a
moble device installed embedded linux. Figure 5 is
mobile terminal as a gateway

Fig. 5 Gateway

Since CPU of the gateway is intel PXA270 Bulverde
with clock speed 520MHz, it can display multimedia
data of medical information. Flash memory has 64MB
capacity enough to hold bootloader, kernel, root file
system, and user file system. Main memory's capacity is
128MB and it can display multimedia data. LCD is 3.5
inch size and has 2 ethernet ports, PCMCIA, serial,
bluetooth interface. Secondary storage of gateway can
support CF. Our prototype uses HDD since the HDD is
more cheap than CF. We've implemented low price
mobile terminal with HDD. Keypad and touch screen is
used for input interface.

D. Healthcare server

Fig. 6 Monitor applicaiton

Figure 6 is a healthcare monitor application to display
user's status. It can monitor current status of patient with
user or service provider connected by wired or wireless
communication.

This application is developed with java language,
supports bi-directional input and output of various
information coupled with database server, and connected
to doctors. Figure 7 is the structure of this application.
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Fig. 7 GUI of healthcare monitor

The sensing graph shows sensing value of various
sensor nodes in realtime such as temperature, humidity,
brightness, sound, pulse, blood pressure, and glycemic
index. The displayed values automatically stored in
database.

The indoor structure is used for rapid context
recognition of the patient by healthcare provider who can
deal with urgent status, find patient easily, and find out
the installed sensor node location.

The private information panel displays picture, name,
address, phone number, etc. This information is
displayed through RFID tag of the patient. And graph
control panel adjusts graphic display of all panels and
have the following function: zoom, save, load, hex value
display, and scroll.

IV. BACKPROPAGATION NEURAL
NETWORK BASED CONTEXT
RECOGNITION

The current status of patient generally depends on
various elements. For example, temperature is coded to
number, location is transcoded to some code, and body
signal is converted to some interval value to express
some symptom. Then, determining a context is not
simple problem because of these variable context
elements.

In this paper, we used a backpropagation neural
network algoritbm, which is a kind of multilevel
perceptron, to induce some context value based on
context variables that are variously coded[23].

We programmed this backpropagation algorithm named
Bayesian Regularization by ourself which used sigmoid
function in hidden layer and identiy function in output
layer.
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Fig. 8 Neural network model for context recognition

Figure 8 is our neural network model to recognize
some context which has 4 input layer(time, blood
pressure, pulse, glycemic index), 16 hidden layer, and
one output layer(context).

The following table 1 is an example of training pattern
of our backpropagation model.

Table. 1 An example of training pattern

Time pfelssofre pulse gliync;emxlc Context
06:00 | 80,120 60 100 normal
14:00 90 130 75 210 emergent
23:00 | 88,125 65 150 warning

The glycemic index is generally featured before dining,
2 hours after dining, and before sleep. In case of diabetes
patient, the glycemic index of 80 to 120 is shown before
dining, less than 180 two hours after dining, and from
100 to 140 before sleeping. Based on these
characteristics, table 3 shows a training pattern in 06:00,
14:00, and 23:00(before dining, 2 hours after dining, and
before sleeping each). In this example, a patient shows
normal status in before dining, emergent status in 2 hours
after dining because the glycemic index exceeds 200,
and warning status in before sleeping.

There are various events in home activities. Whereas
the glycemic index in diabetes patient is the most
important, the other elements such as blood pressure,
pulse, and time can also help doctor making a medical
treatment. In our model, the context is divided in three
kinds: the normal state means ordinary in diabetes
patients, warning state is not dangerous but needs
caution, and emergent state means critical.

V.EXPERIMENT RESULTS

In this chapter, we show the experiment results which
are the degree of context recognition that is measured
with body signal sensor disposed in experimental home
when a diabetes patient does daily activities. These
sensors form a sensor network that output samples
periodically.

Table 2 shows the value of context recognition as the
rows are real measurement and the columns are predicted
values by the pattern recognition algorithm.

Table. 2 Result of context recognition

normal warning emergent
normal 91.0 6.6 5.8
warning 5.1 85.9 7.2
emergent 4.7 7.5 79.5

By the way, we used a fictitious set of glycemic index
because the inspection needs real blood. The numbers of



458 Jeong-Won Kim : Implementation of sensor network based health care system for diabetes patient

samples are 1,660 in our experiment. Here we can see
that right recognition rate of normal state is 91.0%,
warning state 85.9, and emergent state 79.5 with the
average rate 85.4%.

Also, the false rate that recognizes normal to warning
and emergent is 6.6%, 5.8% each. The false rate that
recognizes warning to normal and emergent is 5.1%,
7.2% each. And, the false rate that recognizes emergent
to normal and warning is 4.7%, 7.5% each. The overall
error rates are 6.15%.

There is a limitation in our experiment in that this
result depends on the training patten for our
backpropgation network. However there is some
contribution as this model can provide better medical
service and more correct context recognition if real data
is adopted in this network.

VI. CONCLUSION

In this paper, we have implemented a prototype
system for better medical service in which body sensor
network is arranged around a diabetes patient with
various sensors attached in one's body.

For context recognition, we used a backpropagation
neural network in which four inputs such as time, blood
pressure, pulse, and glycemic index forms a sensor
network and three kind of output are emitted normal,
warning, and emergent. The throughout experiment
showed considerable recognition rates.

This model cannot recognize the current state
perfectly but usefully guide a medical team and be
utilized in other applications. For future research, we are
to adapt out model to other diseases, verify this result,
and develop context recognition based application.
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