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Abstract-A system to remotely monitor a patient’s blood presure
(BP) is described. The data is transferred to a o#ral monitoring
station using a wireless sensor network for displagnd storage.
Crossbow MICAz motes were programmed to serve as ¢h
network nodes. One mote was interfaced to the BP mitor for
data acquisition and the others were utilized to rate the BP data
to the monitoring station. A user-friendly graphicd user
interface was designed for monitoring current and pst
measurements for all patients being monitored. Testesults
indicated high accuracy in BP measurements. Power
consumption by the BP monitor interfaced mote was mimized
by forcing it into a low power sleep mode when ndh use.

|. INTRODUCTION

Advances in wireless sensor network (WSN) tetdgy
and the overall miniaturization of their associateatdware
are leading to several potential applications ia thedical
industry. In particular, the ability to remotelyonitor patient
vital signs in real time from a centralized locatis a growing
area of interest [1]. This interest in WSNs isléageby the fact
that wireless sensor nodes are cost effective, aotrgnd can
be energy efficient. Alternatives include WiFi aBllietooth,
which are focused on applications that normallyunegghigher
bandwidth. Wireless nodes using these two commatinit
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to reach the base station. The base station isected to a
host computer running a Java-based GUI to interprat
display the data.

There are three main areas of the system auterfhat we
will discuss in detail below viz., sensor to BPMnsor base
station to host computer, and the human interfacie host
computer (via the GUI). A brief description of tlsensor
network is also included.

protocols are normally much more expensive and poweA. Sensor to Blood Pressure Monitor Interface

hungry, and in the case of Bluetooth, allow a ledinumber
of nodes to communicate at any given time. Theseeis
make WiFi and Bluetooth nodes unsuitable for wideag
remote monitoring of patient vital sign data. Atfially, the
capability to do this without installing an expersiwired
infrastructure is highly desirable. This paper alites a
system using Crossbow 2.4GHz MICAz wireless sensdes
[2], a commercial blood pressure monitor (BPM) aaual
internally developed Graphical User Interface (Gtdldesign
a prototype system that can monitor vital signsnfra large
number of patients simultaneously.

Il. SYSTEM DESCRIPTION

A conceptual view of the system is shown inuiéy 1.
Each patient is connected to a remote monitorinstesy,
which allows the medical staff to track the patientital
signs. The vital sign readings are transmitteceM@gsly from
the patient through a fixed infrastructure of rogtinodes to
the base station. Depending on the patient’s istdrom the
base station, messages can pass through multigtier neodes

A commercially available A&D UA-767PC BPM [3ki
used to provide sensor readings for the systeme BRM
takes simultaneous blood pressure and pulse
measurements. It includes a serial port connecthoat
facilitates bi-directional communication at 9600pkb A
sensor hode communicates with the BPM on thisIdariato
start the reading process and receive the patidrited
pressure and heart rate readings. Once the reading
received, the sensor node communicates with theonketand
transmits them to the base station.

The reading process is shown in the flowchafEigure 2.
To start the communication process with the BPM, dansor
node sends a start signal to the BPM to switchoit t
communication mode. Once the BPM is in communicati

mode, the sensor node sends a command to open the

communication port. When the communication porogen,
the BPM is ready to receive commands. A commareke a
measurement is then issued. This causes the BRNlate
the arm cuff and acquire the blood pressure andt hate
measurements. When the reading process has ceaptbe
readings are sent to the sensor node. Limitedegsieg is
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performed by the sensor node on the reading dafarebe
transmitting it through the network to the basé¢ité.

Example communication messages are shown in &igur
All communication with the BPM is in ASCIl formatThe
communication format is described in [4]. For exéanff the
number 60 needs to be sent, two bytes, 0x36 and &e3sent
(which are 6 and 0 in ASCII). The “Turn on” messag just
an arbitrary byte. It simply tells the BPM to walke and be
prepared to receive commands.

Turn on Message (Bytes in Hex):

55

Open Comm Port Message (Bytes in Hex):

0243 5043 30353B

Acknowledgement (Bytes in Heax):

01 37 30 50 43 06

Take Reading Message (Bytes in Hex):
0243 5043 31 30 37

Data Message (Bytes in Hex):

38303343 33433343 5C 862

Fig. 3. BPM serial port example messages

! Currently, no encryption is employed. The datasdo@ve some inherent
level of security due to the custom nature of thegmitted data packet.

The “Open Comm Port” message is structuredofswis.
02 identifies the message as a command message.neite
byte @3) is fixed and represents in ASCIl. The next two

bytes 60 and 43) describe the device sending the message,

which in this case is the sensor node arfeidsn ASCIl. The
following two bytes 80 and35) are the open communications
command @5). The final byte §B) is the least significant byte
of the checksum of the message.

The “Acknowledgement” message contairtslan the first
byte as an identifier signaling the message as rralo
message. The next two bytes again describe thé&edev
sending the message. Since this message is baindp the
BPM, it is70in ASCII. The following two bytes detail who is
to receive the message, and in this exampl®Gswhich
represents the sensor node. The final e jdentifies this
control message as an acknowledgement.

The “Take Reading” message follows the samadpras
the “Open Comm Port” message. An ASCIlandO0 are sent
as the command bytes. The first two bytes of tbatd”
message are fixed and repres@dtin ASCII. The next two
bytes represent the hex value of the systolic repdiinus the
diastolic reading in ASCIl. From Figure 3, it che seen that
this value equal8C. The following two bytes are the ASCII
representation for the hex value of the diast@@ding. This
value also equal8C in ASCII. Therefore, in this case, the
systolic reading of the patient is 120 and thetdlasreading
is 60. The next two bytes are the ASCII repregemtaof the
hex value for the pulse rate, and in this examipis,60 beats
per minute. In the present prototype, the measureprecess
is started when the sensor node is turned on. utard
implementations, multiple medical monitors, such the
BPM, a pulse oximeter and an electrocardiogram (E@i%
be integrated with a single sensor node and readivill be
performed on a scheduled basis.

B. Sensor Base Sation to Host Computer Interface

Java is used to implement the interface betwbhenbase
station and the host computer. All communicati@ween
the base station and the PC is done through the TUAR
separate thread from the main graphical user eterthread
is used to maintain constant monitoring of the adeport.
When a message is received, the message typeeisnitetd.
If the message is a data message sent from a seodefri.e.,
a measurement from one of the medical monitorg) déita is
extracted and stored according to the ID of thessemode
that took the reading. If the message is a comtressage,
then the information is passed directly to the paogthread
running the GUIL  Control
information used to generate a network view for tker. A
control message from a sensor node includes theflihe
sensor node and the ID of the router node usetiamitial
entry point into the network. A control messageagated by
a router node contains the ID of the originatingteo node
itself and the ID of the router’s partner node.e Tiformation
contained in the control message is used to genaratap of
the network. In the current implementation, thepnis a

messages contain network



simple tree depicting the network structure.

C. TheGUI

The graphical user interface is a Java-basemjram
running on the host computer. The main windowhef GUI
is shown in Figure 4. Here, the user can add apeient to
the monitoring network at any time by keying in thatient
name and the ID of his assigned sensor node. elfp#tient
name resembles other names in the database wdllisppear

allowing the user to select the right patient frira database.

Once entered in the system, all readings receiyethé PC
from the patient’s sensor node, will be stored m abject
corresponding to the patient. All stored readings be
viewed by selecting the desired patient name ifigheshown
in Figure 4 and selecting the “View” option. Tlastion will
open the window in Figure 5, which allows the usewriew
various readings and edit patient information. Tuerent
implementation displays a text-only readout of
measurements; future versions will have a graphieatiout.
When a reading is received, its value is checkadnay the
threshold limits seen in Figure 5 and if it is beglothese
limits, a warning message window appears to natigy user
of the newest reading. Readings are not accepbed iodes
that are not registered to a patient and will ajemerate a
warning message. In future implementations, thetiaddof a
patient will trigger a database access.

D. Network Description

The topology of our wireless network is thétaostatic
routing infrastructure with mobile sensor nodes.neifgy
scavenging is employed at the router nodes soctiratection
to a permanent power supply is not needed.
eliminates the need for batteries which need tenbeitored
and replaced. Scavenging energy from indoor kgltrces is
an inefficient process and results in limited antewf energy
to power the router nodes [5]. To compensate ligs, the
router nodes operate in synchronized pairs and5&%& duty
cycle. This allows sufficient time during the aoffcle for each
node to scavenge the energy required for its nextyale.

In the process of joining the network, eachtepunode
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identifies its shortest path to the base statiae.,(ithe
minimum number of hops). When this is completéhin
The flaarchn
Figure 6 displays the process the router nodeshgugh to
establish themselves in the network.

Once the routing infrastructure is set up, @see node can
easily access the network. The sensor node chabses
shortest path to the base station based on thariafmn sent
from nearby router nodes and sends the readingfsetdase
station. The flowchart in Figure 7 details theqass a sensor
node goes through to send a reading.

Sensor nodes are designed to be mobile to ghatient
movement. Thus, each subsequent reading reqghesensor
node to reconnect to the network in potentially ifiecent
location. This pattern also allows the sensor ndsleep
between readings, thereby extending battery life.

Ill. PRELIMINARY RESULTS

A prototype system containing all 3 interfacsscribed
above has been built and tested. Utilizing a senede tied
to the BPM we have successfully initiated a readgaghered
the data and can forward it through the networkhtosensor
base station. The measurements are then forwahledgh
the serial port to the host computer, and the Gklpldys the
data correctly.

We have also programmed multiple sensor nodes
represent multiple patients and interfaced therh tie BPM.
Figure 4 shows four patients with their own unicgensor
node IDs. Measurements for each patient were ssitdhys
transmitted to the base station and then forwatddte GUI
for display. All readings were correctly maintadnfor each
patient, and the display is similar to that showrrigure 5. It
can be seen from Figure 5 that the pulse rate &hdeBding
for patient Will Walker taken on March 20 at 12:p&h was
60 and 120/70 respectively. These values were fdanke
exactly equal to those displayed on the BPM LCDidig.

IV. FUTURE WORK
The current implementation, as discussed alievbge first

version of our system. Future enhancements tosyiséeem
include:
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Fig. 7. Sensor node flowchart

home. Preliminary tests showed that the BP andt hrate
measurements for four patients were fairly accuratel
equaled the measurements displayed on the moni@ L
display. Further research (as indicated in sectin will
- A graphical display of the incoming data to replacefocus towards integrating smaller OEM medical sehsards
the current text display. to the Crossbow sensor nodes to miniaturize theg and
- An alarm generation capability to alert the caremake the system more practical.
provider of a reading outside the given limits. isTh
alert will be automatically sent to a PDA or simila ACKNOWLEDGMENTS
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