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Abstract: Flexible health care service is a key driver in reducing expenditure and enabling improvements in disease 

management. Integration of modern wireless communication systems and sensor technology permit the real 

time acquisition, transmission and processing of critical medical information. Researchers have focused on 

streaming vital signs and physiological data over a wireless network to a central data server for medical 

decision making. Constraints in wireless data communication have been reported as the major impediment 

for using this technique, mainly because of the energy consumption.  In this paper, we examine the optimal 

way of storing data and performing analysis on sensors and on the mobile device. We show that when a 

patient is mobile, a smart phone is the device best suited to perform the initial processing of vital signs and 

sending of medical alerts. A smartphone has sufficient storage and computational ability, if exploited 

appropriately, to process and store sensed data from multiple sources. 

1 INTRODUCTION 

Technology has often provided a platform for 

enhancing the provision of quality healthcare and for 

driving down the health expenditure. Body area 

networks can be considered as a special type of 

wireless sensor networks with its own specific 

requirements. They differ in nature and requirements 

from wireless sensor networks, with the most 

important ones being the increased demand for 

reliability, energy efficiency and mobility support. 

Sensor nodes are designed to be worn on the body or 

implantable.  
IEEE has identified three application domains 

where body sensor networks are useful; disease 
management, health and fitness, and independent 
living (Carroll, Cnossen, Schnell, & Simons, 2007). 
In the later case, a home health care network, 
comprising body sensors, cameras and a home 
health controller, can be used to monitor a patient’s 
well being in their home environment (Singh & 
Muthukkumarasamy, 2007). The home health 
controller is expected to reside permanently within 
the home, so when a patient leaves their residence, 
another device must act as the control node for the 
body sensor network. 

The mobile phone has already been identified as 

a suitable controller for a body sensor network 

(Fitzek & Rein, 2007; Hanson, et al., 2009). It 

provides a far more sophisticated human interface 

than the limited interfaces found on sensor nodes. 

Mobile phones are equipped with several services 

capable of communicating with a centralised server 

e.g. SMS, MMS, and GPRS. Modern phones, such 

as the iPhone, are equipped with cameras, 

accelerometers and GPS devices, which can be 

utilised to provide contextual data about a patient.  
In a body sensor network there exist three 

distinct approaches to data processing and detection 
of abnormal conditions: 

1. Continuously streaming data from the sensors 

to a control node. The control node then acts as an 

aggregator of the data, forwarding it on to a remote 

server where diagnosis is performed. 

2. The sensors are programmed to detect and 

raise alerts when abnormal conditions are detected. 

These alerts are sent to the control node which 

forwards them on to an emergency centre or medical 

practitioner, so appropriate action can be 

undertaken. 

3. Data is continuously streamed to a control 

node, where the analysis is performed. The control 

node processes the data and raises alerts when 

abnormal conditions are detected. 

The first two approaches represent a trade-off 

between the flexibility, storage and computation 
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power offered by forwarding data to a remote server, 

against reducing data transmission, and therefore 

power consumption by having data stored on the 

sensor nodes. We propose that the best method when 

mobility is required is that of the third approach i.e. 

using the control node to perform data analysis and 

storage. Furthermore the device best suited to this 

task is a smart phone. 

2 PROPOSED PERSONAL 

HEALTH CARE SYSTEM AND 

IMPLEMENTATION 

The control node in the personal health system 

should be able to  

 Analyse and process vital signs for 

abnormal conditions 

 Store data for remote queries, auditing 

and comprehensive analysis 

 Be flexible by allowing algorithms to be 

downloaded as required or/and to 

permit detection metrics be updated 

remotely. 

 Be able to send alarms and associated 

vital signs to remote server in timely 

manner, when medical alerts are 

detected. 

 

 

Figure 1: Proposed personal flexible health system for 

capturing vital signs. 

Figure 1 presents a proposed architecture for 
personal health system that can be used for 
monitoring patient’s vital signs. The system consists 
of a  

1. A set of wireless sensors for measuring the 

vital signs of blood pressure, heart rate, temperature 

and respiration rate are either implanted or attached 

to the body. Table 2 summarises  The acceptable 

ranges of the physiological values vary depending 

on the activity level of the patient, so an 

accelerometer is included in this instance to provide 

some basic context information about the activity 

level of the patient e.g. have they had a fall, are they 

running or at rest. 

2. A smart phone which acts as the control node 

in the network. With Bluetooth being widely 

available on mobile phones, it is adopted as the low-

power communication protocol for connecting the 

sensors to the mobile phone. The phone is 

responsible for discovering and configuring the 

connections to the sensors.  

The sensors are arranged in a star network, since 

they are heterogeneous in nature and do not 

exchange information between each other. 
3.  A server, which may be a doctor’s office, 

hospital or a remote monitoring service. Abnormal 
events and alarms are sent to the server when they 
are detected. Clinical data pertaining to the event can 
either be retrieved from the phone or sent to the 
server over the Internet using a 3G mobile telephony 
protocol. 

Table 1: Required data rate for monitoring vital signs. 

Parameter Min Bit Rate 

Breathing 4 bps 

Heart Rate 2.9 – 8.7 kbps 

Blood Pressure  

    Systolic 
    Diastolic 

 

1 bps 
1 bps 

Temperature 0.3 bps 

SPO2 16 bps 

Accelerometer 0.32 - .96 kbps 

 

As a patient leaves their residence, the control 

node performs network assembly. The sensors 

remain connected to the mobile phone and 

transmitting physiological data for the duration of 

the patient’s absence from their home. To preserve 

energy whilst not communicating, one of the 

Bluetooth low power states can be utilised. While 

the patient is mobile, the phone is responsible for 

analysing the vital signs, storing them to the phone, 

and detecting and sending alerts when abnormal 

conditions are detected.  
A window or snapshot of the data can also be 

sent to the remote server, when an alert is detected. 
A simple data structure for sending events is defined 
below. 
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Figure 2: Event Structure for Alerts. 

This window data can undergo further analysis 
by clinician or by another system using more 
sophisticated techniques. Alternatively, when a 
clinician receives an alert, they can remotely query 
the data saved to the phone and obtain any 
information of interest pertaining to the event. 

3. ANALYSIS AND DISCUSSION 

The requirements of the control node in a personal 
health system were identified in Section 2. In 
summary they are 

 Be flexible.  
 Perform analysis. 
 Be responsive.  
 Store sensed data. 

The phone’s ability to fulfil these requirements is 
analysed in the section below. 

3.1 Flexibility 

The sensors are by their nature designed as an 
embedded systems and therefore don’t provide a 
framework for updating by the user. Smart phones 
support installation and update of applications. 
Vendors such as Apple, Nokia and Google already 
provide infrastructure via the AppStore, Ovi and 
AppsMarketPlace respectively to download and 
install applications for their products. Therefore new 
or additional programs or algorithms for detecting 
medical conditions can be installed in response to 
specific events being detected or as needs dictate. 

3.2 Computation 

Table 2 below provides a summary of typical 
specifications of a sample sensor node, smart phone 
and an entry-level desktop PC. It shows that a phone 
is capable of performing far more computations than 

a sensor and therefore able to use more complex 
algorithms for processing the physiological data. 

Table 2: Specifications of an example sensor node, smart 

phone and desktop PC. 

Device Mica2 iPhone PC 

Chip ATMega128L ARM 

Cortex A8 

Intel or 

AMD 

Clock 8 MHz 600 MHz 3 GHz 

Program 

Memory 

128 KB   

RAM 4 KB 128 MB 3 GB 

Storage 512 KB 32 GB 500 GB 

 

3.3 Storage 

Using the vital signs data shown in Table 2, at 
most 3.5 kbps is required to continuously stream all 
of a patient’s sensed information. HSUPA category 
5 provides a maximum speed of 2 Mbps, which is 
more than sufficient for continually streaming vital 
signs data to a remote server. Communicating with 
the public interface from the phone is expensive in 
terms of the energy and the network connection is 
unreliable. Furthermore, receiving the raw data in 
real-time is not of primary function. The focus of the 
system is detecting when parameters exceed 
predefined bounds or anomalies are detected. 
Modern mobile phones possess sufficient 
computational power to perform these tasks, 
therefore continuous streaming of the data to a 
remote server is unnecessary.  

Taking into consideration the amount of time a 
patient maybe away from their home environment, 
Figure 3 below shows the amount of data generated 
for monitoring vital signs over a period of time. 
Modern mobile phones have of large amounts of 
memory and the capacity to store large amount via 
flash disk, for example the iPhone shown is 
equipped with 32GB of flash, which can easily 
accommodate up to eight hours worth of 
physiological data. 

 

Figure 3: Data generated per hour of monitoring. 
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3.4 Response Time 

When an anomaly is detected, a doctor or 
clinician can query the phone and request the phone 
to send the data pertaining to this event. The delay 
between requesting and receiving this window of 
information is important, since time to respond to a 
medical emergency and in many other situations can 
be critical in determining the outcome. Table 3 shows 
the amount of time it takes to send saved data for 
various window sizes of information using the event 
structure defined in Figure 3.  

 
Two scenarios are considered 
1. Detection of arrhythmias. In this case the 

data sent to the remote server is 
composed of a single ECG and 
measurements of the current respiration 
rate, blood pressure, temperature and 
oxygen saturation values. 

2. A situation where the patient’s 
temperature is of concern, so the last five 
temperature measurements are of interest. 
The event structure is comprised of last 5 
minutes worth of data representing ECG, 
respiration rate, blood pressure, 
temperature and oxygen saturation. 

 

Table 3: Time to transmit events to a remote server. 

Condition Time to Transmit (seconds) 

Data on Phone Data on Sensors 

Arrhythmia 0.2 21.2 

Temperature 0.8 23.1 

 
The  data is sent over the Internet to the remote 

server using HSUPA operating at 2.0 Mbps, and the 
calculations use a throughput value of 1.0 Mbps and 
a latency of 200 ms (Jun Liu  Tapia, 2008).   

The approach where the sensors are processing 

and saving the data and only sending an alert when 

an anomaly is detected is also considered. In this 

approach, each sensor must first connect to the 

phone before it can transfer any data. Bluetooth 

takes on average 2.22 seconds to complete its 

discovery stage and a further 1.28 seconds before 

it’s in the connected state and able to transmit data 

(Kasten & Langheinrich, 2001). There is no clear 

metric for the time to form a piconet, so the worst 

case of connecting to each sensor in turn and 

downloading the stored data is considered. This 

introduces a significant delay in transferring data 

from the sensors to the phone, adding support the 

case for continuous streaming of data from the 

sensors to the phone.  

4 CONCLUSIONS 

Mobility supported personal health system for 
monitoring vital signs, may use mobile phone as a 
suitable control node. The smart phone has become 
the ubiquitous device for personal communication 
and data access..The phone is rich in functionality 
and can permanently store the sensed information 
generated by patient whilst they are away from their 
home. This information can be processed by the 
phone to detect anomalies and alarms sent if and 
when detected. Physiological data pertaining to that 
alarm can also be sent without significant delay to a 
remote server for further processing.  
 

Although an outline of a flexible health system 

has been proposed, detailed analysis of the system 

needs to be performed. For example, no 

consideration has been taken into the utility nature 

of the device. Besides making calls, mobile phones 

are also used for taking photos, playing MP3s, 

playing games, etc. Further research should examine 

the impact these activities may have on the 

performance of the device when acting as a control 

node in a body sensor network. 
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