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Abstract—Design and implementation of a multiple 
vital signs monitoring system based upon mobile 
telephony and Internet infrastructure for 
m-healthcare are described. The system hierarchy 
comprises three layers for sensing, communication, 
and management. The core of the sensing layer is a 
wearable sensor unit suitable for vital signs 
monitoring without discomfort and constraint during 
daily activities. The communication layer conducts 
bi-directional data/command signals via either wired 
or wireless means to bridge between the sensor and 
management layers. The management layer 
performs data mining and functional assessment. 
This article describes the architecture design 
considerations and systemic implementation to meet 
various practical needs and provide scalable 
solutions not only for home healthcare but also other 
applications driven by vital signs. Three applications 
platformed on this architecture are described. 
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I. INTRODUCTION 

 

The yearly medical expenditure in Japan exceeds 30 
trillion yen, and is increasing at a rate of 8% per year. 
Cancer, cerebrovascular, and cardiovascular diseases 
have been the 3C top killers for many years [1] . The 
dramatic changes from acute illnesses to chronic 
conditions demand creative action at both institutional 
and professional levels. In Japan, a ten-year campaign, 
“Healthy Japan 21,” is now being conducted 
(2000–2010) nationwide to promote good life-style 
practices and to manage the growing problem of chronic 
diseases like 3C, diabetes, and increasing incidence of 
mental illnesses [2] . At the same time, mobile phone 
users number over 80 million in Japan and more than 
one billion throughout the world. Because the number of 
users is still increasing, and the functionality of mobile 
platforms is constantly being enhanced, a mobile 
computing infrastructure is maturing. In this paper, the 
overall concept of a multiple vital signs monitoring 
system based upon the mobile telephony is described. 
The design and implementation in architecture, 
hardware and software, as well as perspectives in 
practical applications are explained. 

 

II. METHODS 
 

System implementation is structured into three 
functional layers: sensing, communication, and 
management. Figure 1 shows the hardware 
implementation of the system. Callouts denote the 
number of each component. Arrows represent 
data/command flow over the system. 

Fig. 1. Implementation of the overall system 
 
The innermost layer is a wearable sensing layer, 

comprising a sensor-wear garment (1) and a cordless 
sensor (2). A sensor-wear consists of underclothing and 
a sensor belt. The underclothing vest is washable and 
comfortable to wear next to the skin. A body 
temperature sensor and electrodes for detecting ECG 
and body impedance are arranged together on the sensor 
belt, attached via Velcro beneath the underclothes. Both 
underclothes and sensor belt are stretchable to keep 
tension and guarantee the best fit on irregular body 
surfaces. The cordless sensor is connected to the 
sensor-wear through a one-touch connector. By simply 
attaching the cordless sensor to the sensor-wear, the 
wearable unit starts working automatically. 

The cordless sensor can detect ECG, acceleration 
body temperature, and impedance. More than ten 
physiological parameters— such as heart rate, heart rate 
variability, systolic blood pressure change, and body fat 
ratio— can be derived from these directly detected vital 
signs. 

The second layer is the communication layer 
conducting data and command transmissions. This layer 
is implemented by a Bluetooth adapter (3), a mobile 
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phone, and a data docking station (4). 
The Bluetooth adapter is an attachment to the PDC 

serial port of a mobile phone. This adapter performs 
short-range wireless communication between the 
cordless sensor and a mobile phone. The mobile phone 
itself acts as a long-range wireless communication tool 
between the nomadic user and a remote database server. 

The data docking station combines two functions: 
battery recharge and high-speed data transmission. 
When a cordless sensor is connected to the docking 
station, its rechargeable battery is charged. At the same 
time, data saved within the cordless sensor is read-out 
sequentially and uploaded automatically to a database 
server through ADSL or any wired Internet connection. 

The third layer is a management layer, in charge of 
data fusion from multiple sensors, decision-making, and 
functional assessment. A server array (5) contains 
database servers, web servers, application servers, and 
load balancing servers. Database servers are data 
warehouses for Terabyte-order storage. Web servers 
provide an interactive interface with operators and users. 
Application servers perform all calculation tasks, 
including vital signs signal processing, denoising, 
feature extraction, potential risk assessment, and so on. 
All processing procedures are either event- or 
timer-driven. Event-driven procedures are triggered by 
received data from the communication layer. It responds 
to emergency situations to provide real-time feedback. 
Timer-driven procedures perform automatic regular 
batch processing to handle a great amount of data 
accumulated through long-term monitoring. Load 
balancing servers distribute required tasks to appropriate 
servers, to ease computational complexity and guarantee 
prompt reply capability. 

 

III. RESULTS 
 

Potential applications span most healthcare-related 
fields where vital signs are important. The different kind 
of solutions can be provided not only to u-healthcare 
application but also to many industries, government 
agencies, and academic organizations through a variety 
of partnership options. Three of these options are 
described below. 

 
3.1. EMERGENCY MONITOR 

Osteoporosis is one of the mortal fears among the 
elderly population, since falls may fracture bones. 
Emergency rescue is indispensable to avoid lethal 
accidents. 

When a user is prone to falling, the embedded 
three-axis acceleration sensor can detect not only the 
walking cadence but also the body gesture. It can 
promptly tell the direction (forward, backward, leftward, 
rightward) to which the user falls through real-time 
processing of the three-axis accelerative signal. In 
addition, location information regarding where the user 

has fallen is also transmitted to a support center within 
about thirty seconds. 

 
3.2. TRAINING MENTOR 

Athletes or sports gym exercisers want to be trained 
more effectively based on their own personal situation. 
A training mentor provides an evidence-based training 
(EBT) tool. Through monitoring heart rate and 
respiration rhythm profiles, characterizing running and 
walking, it can estimate exercise strength in real-time to 
facilitate an optimal training course individually 
according to trainee’s age, gender, and condition. 

 
3.3. HOTLINE HOLTER 

A conventional holter is an ambulatory ECG 
monitoring device. Currently many commercialized 
products combine additional sensors, such as gyro or 
accelerometers to monitor daily activities. Occasionally, 
frequent arrhythmia may cause fatalities, but such 
products feature only offline batch processing. 

A hotline holter can monitor the above-mentioned 
vital signs continuously for a long period and also 
provide real-time detection of arrhythmia, bradycardia, 
and tachycardia to provide prompt service and summon 
first-aid support when a situation is urgent. 
 

IV. DISCUSSION and CONCLUSION 
A number of elementary technologies have been 

developed under the “Univenture 20” project. 
Scalability promises that this platform is customizable 
depending on specific applicable needs. An operator can 
selectively activate required functions of the system to 
obtain a combination optimal for a particular application. 
Each vital sign measurement channel of a cordless 
sensor can be enabled or disabled via a PC through the 
network, or via a mobile phone through Bluetooth 
connection. Based upon these key technologies, applied 
systems can be configured to meet different needs from 
u-healthcare to emergency rescue service. 
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