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Abstract-A system to remotely monitor a patient’s oxygen 
saturation (%SpO2) levels is described.  The data was 
continuously measured using a pulse oximeter and then 
transferred to a central monitoring station via a wireless 
sensor network for storage and display. Crossbow MICAz 
motes were programmed to serve as the network nodes. One 
mote was interfaced to the pulse oximeter for data acquisition 
and the others were utilized to route the %SpO2 data to the 
monitoring station. A user-friendly graphical user interface 
was developed to capture and display incoming measurements 
for all patients being monitored. Test results indicated high 
accuracy in the measurements. 

I. INTRODUCTION 

The advent of small, low-cost and power efficient 
wireless sensor hardware is driving the development of 
applications in several industries, including the medical 
field.  Of particular interest here is the ability to remotely 
monitor vital patient data [1].  Wireless sensor networks 
(WSNs) are emerging as the preferred choice for ad-hoc, 
large networks and appear to be a perfect fit for remote 
patient monitoring.  WiFi and Bluetooth stand as alternative 
approaches; however they are normally more expensive, 
consume more power, and are intended for applications that 
require high bandwidth.  Additionally, Bluetooth allows a 
limited number of nodes to communicate at any given time.  
These limitations make WiFi and Bluetooth unsuitable for 
large scale remote monitoring of patient vital sign data.  

Two areas in particular must be addressed to 
successfully monitor patients on a remote and wireless 
basis.  All wireless sensor hardware have a limited 
communication range (approx. 10m) which necessitates a 
routing network of nodes to pass data from various locations 
to the central monitoring station. Secondly, patient mobility 
during monitoring is a key feature to consider and 
implement.  We discuss in detail a solution to the first issue 
in [2] and will briefly describe that system here.  Freedom 
of movement for ambulatory patients while being monitored 
is not only a good idea, it may be an actual requirement for 
certain types of testing that the physician may want to 
perform. 

This paper describes a system utilizing Crossbow 
2.4GHz MICAz wireless sensor nodes (known as motes) 
[3], a micro-sized pulse oximeter [4] and an internally 
developed graphical user interface (GUI) to develop a 
prototype system that can remotely monitor vital signs from 
a large number of patients simultaneously.  A companion 
system to remotely monitor a patient’s blood pressure was 
described in [5].  The similarities and differences in the two 
systems are detailed where applicable. 

II. SYSTEM DESCRIPTION 

A conceptual view of the system is shown in Fig. 1.  
Each patient is connected to a remote monitoring system, 
which allows the medical staff to track the patient’s vital 
signs.  The vital sign readings are transmitted wirelessly 
from the patient through a fixed infrastructure of routing 
nodes to a central monitoring system (also called the base 
station).  Depending on the patient’s distance from the base 
station, messages can pass through multiple router nodes to 
reach the base station.  The base station is connected to a 
host computer running a Java-based GUI to interpret, store 
and display the data. 

There are three main areas of the system that we will 
discuss in detail viz., patient %SpO2 data measurement, 
network structure and the base station.   

 

Fig. 1. Remote monitoring system 



A. %SpO2 Data Acquisition 

    A commercially available Smiths Medical PM 31392B1 
Micro Power Oximeter Board [4] was used to collect patient 
oxygen saturation (%SpO2) readings for the system.  The 
oximeter takes continuous %SpO2 and pulse rate 
measurements.  It includes a serial port connection that 
facilitates communication at 4800 bps.  A Crossbow 
wireless sensor node communicates with the pulse oximeter 
on this serial link and receives the patient’s %SpO2 and 
heart rate readings.  Once the readings are received, the 
sensor node communicates with the network and transmits 
them to the base station.  The prototype hardware is shown 
in Fig. 2, where the micro pulse oximeter, custom interface 
board and the Crossbow wireless node can be seen. 

Unlike the blood pressure system described in [5] which 
required commands to initiate and record a reading, the 
pulse oximeter communication is unidirectional, with no 
required commands.  It continuously sends reading data 
through the serial link at a rate of 60 packets per second, 
which is much higher than the data rate for the blood 
pressure system. 

It was determined that transferring all of the data points 
to the central monitoring station was not necessary to 
provide a valid graph of the patient’s %SpO2 and pulse rate.  
A data rate of once every 6 seconds was chosen as the initial 
rate, which should provide an accurate picture of the 
patient’s status.  All of the data is received by the wireless 
node attached to the pulse oximeter; however it is filtered 
and forwarded at the rate chosen to the central monitoring 
station.  The wireless node also periodically checks its 
battery level, and will forward a low battery warning to the 
monitoring station if applicable. 

B.  Network Description 

In order to provide coverage in an environment with 
potentially mobile sources, a network of routing nodes must 
be deployed.  As mentioned, wireless sensor nodes have a 
communication range limited to approximately 10m.  
Depending on the size of the coverage area required, a large 
number of routing nodes may be needed.  The topology 
model we have chosen is a static routing infrastructure with 
mobile sensor nodes.  The cost of installing and powering 
these nodes can be very high.  Either the nodes need to be 
connected to some type of permanent power supply, or as is 
common, they operate on batteries.  Neither of these options 
is attractive in terms of costs and maintenance.  Installation 
costs could be excessive for the first option and the process 
of monitoring and replacing batteries in a large scale 
network would be prohibitive.  Our team has developed an 
energy harvesting methodology and protocol for the router 
nodes so that connection to a permanent power supply is not 
needed [2], [6].  This also eliminates the need for batteries 
which need to be monitored and replaced.  Scavenging 
energy from indoor light sources is an inefficient process 

and results in limited amounts of energy to power the router 
nodes [7].  To compensate for this, the router nodes operate 
in synchronized pairs and at a 50% duty cycle.  This allows 
sufficient time during the off cycle for each node to 
scavenge the energy required for its next on cycle. 

In the process of joining the network, each router node 
identifies its shortest path to the base station (i.e., the 
minimum number of hops).  When this is complete it then 
searches for another node to pair with. 

Once the routing infrastructure is set up, a sensor node 
can  easily access the network.  The sensor node chooses the 
shortest path to the base station based on the information 
sent from nearby router nodes and sends the readings to the 
base station.  The basic network configuration is shown in 
Fig. 3. 

Sensor nodes are designed to be mobile to allow patient 
movement.  Thus, each subsequent reading requires the 
sensor node to reconnect to the network in potentially a 
different location.  This pattern also allows the sensor node 
to operate in a reduced power state between transmitted 
readings, thereby extending battery life.  

C.  Sensor Network Base Station and Host PC 

The system’s base station is comprised of a Crossbow 
wireless mote connected to a PC.  All communication 
between the mote and the PC is done through the UART.  
Continuous %SpO2 data received by the Crossbow mote 
was transferred to the PC for storage and display.  The 
interface described in [5] was extended to capture, save and 
display readings from the pulse oximeter.  As previously 
described, Java was used to implement the interface 
between the base station and the host computer.  A separate 
thread from the main graphical user interface thread was 
used to maintain constant monitoring of the serial port.  
When a message is received, the message type is 

 
Fig. 2. Wireless pulse ox hardware 



determined.  If the message is a data message sent from a 
sensor node (in this case, a measurement from the pulse 
oximeter), the data is extracted and stored according to the 
ID of the sensor node that took the reading.  If a control 
message is received, the information is passed directly to the 
program thread running the GUI.  Control messages contain 
network information used to generate a network view for the 
user.  A control message from a sensor node includes the ID 
of the sensor node and the ID of the router node used as the 
initial entry point into the network.  A control message 
generated by a router node contains the ID of the originating 
router node itself and the ID of the router’s partner node.  
The information contained in the control message is used to 
generate a map of the network.  In the current 
implementation, the map is a simple tree depicting the 
network structure. 

The main window of the GUI is shown in Fig. 4.  Here, 
the user can add a new patient to the monitoring network at 
any time by keying in the patient name and the ID of his 
assigned sensor node.  If the patient name resembles other 
names in the database, a list will appear allowing the user to 
select the right patient from the database.   Once entered in 
the system, all readings received by the PC from the 
patient’s sensor node, will be stored in an object 
corresponding to the patient.  All stored readings can be 
viewed by selecting the desired patient name from the list 
shown in Fig. 4 and selecting the “View” option.  This 
action will open the patient window shown in Fig. 5, which 
allows the user to view various readings and edit patient 
information.  When a reading is received, its value is 
checked against the threshold limits seen in Fig. 5 and if it is 

beyond these limits, a warning message window appears to 
notify the user of the newest reading.  Readings are not 
accepted from nodes that are not registered to a patient and 
will also generate a warning message. In future 
implementations, the addition of a patient will trigger a 
database access.  

From the patient window the user can select “All” from 
the Reading View list and then select a reading type to 
display a graph of the readings.  An example of the pulse ox 
and heart rate graph is shown in Fig. 6. 

III.  EXPERIMENTAL RESULTS 

The prototype system described above has been built 
and tested.  Utilizing a Crossbow mote tied to a pulse 
oximeter we have successfully read the continuous data 
stream, extracted the required data and forwarded it through 
the network to the base station.  The measurements are then 
forwarded through the serial link to the host PC, and the 

Fig. 3. Basic network configuration 

          Fig. 4. GUI main window 

             Fig. 5. Patient window 



GUI displays the data correctly.  Figures 4, 5 and 6 are 
screen shots from our recent testing. 

We have also programmed multiple sensor nodes to 
represent multiple patients and interfaced them with the 
pulse oximeter. Fig. 4 shows four patients (each with their 
own unique sensor node ID) that are being monitored 
simultaneously. Measurements for each patient were 
successfully transmitted to the base station and then 
forwarded to the GUI for display.  The most recent reading 
received for each patient is shown in the main window (Fig. 
4).  All readings were correctly maintained for each patient, 
and the detailed display for one of the patients is shown in 
Fig. 5. It can be seen from Fig. 5 that the most recent pulse 
rate and %SpO2 readings for patient Todd Polk taken on 
June 26 at 13:38:07 pm were 77 and 96% respectively.  This 
data also correlates with the final data point shown in the 
pulse ox graph in Fig. 6. 

IV. CONCLUSIONS 

A prototype pulse oximetry monitoring system using 
WSNs has been designed, developed and tested. The system 
allows healthcare personnel to monitor a patient’s oxygen 
saturation and heart rate vital signs from a remote location 
without requiring the physician to be physically present to 
take the measurements. The system can be used for routing 
vital sign information to a central location within the 
hospital premises as well as in applications that require 
monitoring from within a patient’s home.  The mobile 
nature of the system allows ambulatory patients the freedom 
to move around the hospital when practical while remaining 
constantly monitored.  Preliminary tests showed that the 
%SpO2 and heart rate measurements for four patients were 

accurate when compared to traditional measurement 
methods.  

The current implementation, as discussed above, is the 
second version of our system.  Further research will focus 
on integrating additional capabilities and on interfacing 
additional medical instruments to the overall wireless 
network.  Our plans include: 

·  An alarm generation capability to alert the care 
provider of a reading outside the given limits.  This 
alert will be automatically sent to a PDA or similar 
device. 

·  Interfacing of additional medical instruments, 
including a portable ECG and a blood glucose 
monitor. 

·  The ability for the care provider to view stored 
readings remotely from a PDA or computer. 

·  A basic location algorithm, based on the fixed 
router infrastructure, to track patient movement. 

·  A data encryption routine that can effectively run 
on each sensor node to further protect the 
transmitted data (and meet HIPAA requirements). 

·  Increased integration with existing hospital systems 
and databases. 
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