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An Easily Installable Wireless Monitoring
System for Ordinary Houses

Sosuke Tsukamoto ™', Hiroshi Hoshino ® and Toshiye Tamura ®
* School of Science and Engineering, Tokyo Denki University, Japan
¥ Faculty of Engineering, Chiba University, Japan

Abstract. This paper describes a behavioural monitoring systom for ordinary
houses. The system employs a device that uses weak radio waves for transmitting
whtaiaed dota and was designed o be installable without any technical knowledge
on pirt of the user or oxira constructions, An adhoc network in the house is
important in case of an emergency or a sudden Hlness, The case of instaliability of
the system is also important. Therefore, a dmple experiment was performed to
assess the installability, and the svstem was determined 1o be casily instaliable by
clients,

Keywords. Behaviowrs] monitoring, weak radio wave, simple instatlation and
removal

Introduction

Preventive medicine is one of the types of health care for the aged. Obtaining and
utilizing biomedical or behavioural information appear to be effective for maintaining
and improving the quality of life {1-4], However, most behavioural monitoring systems
are installed when a house is newly built or is reconstructed. For the aged society, we
sometimes need to install such systems in case of an illness or emergency. Therefore,
we need an ad-hoc home network, L.e. the system should be easy 10 install and remove
(5, 6]

In this study, we built an ad-hoc wireless behavioural monitoring system that is
technically similar to the Mote [7]. The measuring unit was designed to be usable after
merely installing it or attaching it to appliances. The installability of the system by
clients was evaluated by means of a simple experiment.

1. System Structure and Apparatus

The systern has at least one data storage terminal (master server) and many
measuring units. The units automatically sample sensors’ outputs and transmit the
obtained data o the server by radio. The radio network, ie. data relay path, is
automatically construcied and is modified when a relay failure occurs. Another storage
terminal {slave server) can be added to the syster; if a unit has no path to the master

F Corresponding Author: Department of Electronie and Computer Englneering, Tokyo Denki University,
ishizaka, Hatoyama, Hikigun, Saitama, Japan; E-mail tsuka@fdendaiacjp.
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{2} Circuit board {b) Extemnal appesrance  (¢) Usage example
Figure 1. Measuring unit {attachable type)

Table 1. Specifications of the measuring unit,

ftem Specifieation

MicroprocessorController PICI6FET6 (Microchip Technology, Ine.)
Provessor Clock 18 MHz

Radio Module CRC-TRUZB {Design Clrenlt, Ing))

Radio Frequency 313 MHz

Modulation Amplitude Shift Keving (Manchester Codingy
Maximus Transfer Rate 1192 kbps

Unit Weiplt -2 ¢

Size tH = W=Dy 0 = 63 = 33 mm

server, it can gitempt to send the obtained data to the slave server. The slave server can
also be used as a portable data recorder for biomedical monitoring. When thare is a
refaying path from the slave server to the master server, the former transmits stored data
to the latter,

Figure | shows the circuit board, the external appearance, and a usage example of
the measuring unit developed in this study. Table | shows the specifications of the unit,
The unit employs a pattern antenna, The maximuns transfer rate of 115.2 kbps enables
us 1o handle biomedical information. Two types of units were developed—standard and
attachable. The former type is set adjacent to some object and can be used a5 a
proximity sensor, TV sensor, ete. The attachable type can be attached o a specific
device such as a microwave oven, refrigerator or washing machine, The size of the
measuring unit is almost the same ag that of 2 human hand, and therefore, it is not very
small; however, we considered that there is a possibility that the unit may be dropped
into a crevice,

2. Experiments

We carried out two types of experiments: an evaluation of the installability by clients
and a data transmission lest

We conserved the output power of the radio module in order 1o (1) keep in
accordance with the radio regulation law that strictly restricts the output power of a
device that employs weak radio waves and {2) ensure that the output is within the weak
radio wave range. The communication distance was checked by the data transmission
test.
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Table 2. Characteristics of the subjects and experimental results,
Case Sex Age A Ny Ny L E

%
&

{ ¥ 46 i) 10 10 i 4
2 ¥ 47 40 Y 10 2 0
3 M 49 0 10 4 3 0
4 M 33 17 i0 il 2 0
3 ¥ 31 7 i3 13 0 Y
6 ¥ 6 11 13 i i 14

T time consumed for finishing 4 task {min], Npw: sumber of units to be set,
1 number of units actaally set, 1 pogitionad error, Eg direcdonal ervor,

We examined the installability of the system by clients. Six healthy volunteers (iwo
male and four female; average age 542 % 11.2) participated in this study. Their
characteristies and the corresponding experimental results are shown in Table 2. A
descriptive instruction manual was prepared for describing the types of units (sensors)
used for obtaining different types of data as well as the installation procedures of the
units; several helpful illustrations were also provided. Prior to the experiment, written
informed consents were obtained from all the subjects. We also obtained the
arrangement of their rooms and programmed the positioning of the units based on the
arrangements. The subjects were requested to install the units at the designated
positions (indicated on a map in the manual), The subjects in cases 5 and 6 live together
{mother and daughter). In these two cases, the differences in the installation positions
were examined on the basis of the difference between the subjects,

3. Results apd Discussions

The result of the data transmission test revealed that the maximum range of the wireless
network is about 1.5m. This distance is insufficient for practical use. However, it is
adequate to test the multi-hop network system. For a practical systemn, the antenna type
and oulput power should be adjusted so that the ransmission range is at least six meters.

Table 2 shows the results of the installability evaluation. 7" denotes the time
consumed for finishing a task; Ny, the number of units to be installed; N, the number
of units actually installed (including Ep and Ep); Ep the number of units thal were
installed at wrong locations (counted only when the intended data was not obtained; the
instaliation position and direction are lef 1o the subjects’ diseretion) and Ep, the number
of units that were placed in wrong directions (equal to Ep, counted only when the
intended data was not obtained), The averages are as follows: Ny = 97.4% and £p =
15%, In cases 1 to 4, the subjects installed almost all units properly. In case 6, two units
were not instalied and the rest were installed in wrong directions,

In most cases, the installation positioning error {£p) appears 1o have been caused by
mistakes in the instruction manual. In particudar, the TV sensor unit was required 1o be
placed adjacent to the TV screen, but most subjects placed the unit on the floor, In this
situation, the unit cannot detect the period for which the TV is used. The deseriptions in
the manual were written as briefly as possible to reduce the time spent on tasks, In case
6, the position at which 2 unit was placed was completely different from what was
specified in the manual, This type of error may cause data confusion.
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The slave server cannot be realized with the Mote because the routing method of
XMesh (Crossbow's multi-hop networking protocol) only has any-to-base and base-to-
any,

4. Conclusions

In this study, we designed a wireless behavioural monitoring system with the objective
of simple installation and removal. Two types of evaluations—data transmission range
and ingtallability—were performed. The data transmission range was determined to be
about 1.5 my; therefore, the antenna shape and output power should be optimized for
practical use. The result of the installability evaluation revealed that the subjects
installed units properly in most cases. Since g particular subject installed all units in
wrong directions, the unit (sensor) should not be sensitive to direction. An error in the
instaliation position may cause data confusion; therefore, a method should be developed
for inspecting the unit position.
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ith the shift to an aging society with fewer chil-

dren, the role of home healthcare is becoming

indispensable. In Japan, the Long-Term Care

Insurance System has been introduced, which
aims to help the elderly remain self-sufficient by providing
benefits for home-visit care services {1]. Unlike hospital care,
home care is difficult to plan, manage, and evaluate if a home
is far from a hospital. Telemedicine support is expected to
redress this distance problem.

Telecommunication technologies have improved rapidly
over the past decade. Today, the telecommunication infra-
structure provides multimedia communication facilities such
as Web browsing and video-chat for personal use. Such an
infrastructure includes wired media, such as subscriber tele-
phones, cable television (CATV), or fiber-to-the-home
(FTTH) networks as well as wireless media, such as mobile
telephones, the personal handy phone system (PHS), wireless
local area networks (LANSs), or personal area networks
(PANs). Wireless media, in particular, are rapidly improving;
they are becoming more compact and expanding in terms of
use. Pervasive computing, providing access to information ser-
vices anywhere and at any time, has been realized through
such devices as mobile telephone terminals and personal digi-
tal assistants (PDAs) integrated with wireless communication
functionality [2]. '

Telemedicine studies have covered two major areas so far:
tele-existence and medical information management. Tele-
existence has focused on developing a system for remote
diagnostics or treatment, for example, tele-echography or
telesurgery. It requires high bandwidth and real-time commu-
nication, for example, at least a T1 (1.5 Mb/s) Transmission
Control Protocol/Internet Protocol (TCP/IP) connection is
required for real-time echography transmission, with require-
ments becoming stricter in order to handle time-critical inter-
actions and/or additional data such as voice communication.
On the other hand, the term medical information management
systems refers to. systems for archiving medical information,
such as health records. It does nét require the real-time ability
but does réquire high bandwidth for gharing digitized medical
images efficiently. It also requires huge storage integrated
with work flow management facilities. These conventional
frameworks share common characteristics.
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An Unconstrained Monitoring
System for Home Rehabilitation

A Wireless Hearf/Respirafory Rate Sensor Accessible
fo Home-Visit Therapists

» Chiefly used by medical providers: Usually, the user is
specialized or well trained in the system.

» High cost: The total cost of the system is shared by the
number of patients involved. '

» Large and complicated: Hardware specialist(s) are
required for the systern, apart from the user.

» Built on specialized infrastructure. A high-speed fiber
network is often used. :

The home healthcare system, however, does not have the
same requirements as the ‘systems outlined above. For home
healthcare support, development focuses on systems that can
be used by a therapist to remotely monitor individual patients.
Therefore, the performance requirements for the telecommuni-
cation infrastructure are relatively low. However, since such a
system should be maintained.daily, the running cost is strong-
ly limiting. To conform to these requirements, we have
designed a home healthcare framework with the following
attributes:

» Exploits existing telecommunication infrastructure:
Development of an alternative infrastructure specific to
home healthcare is unreasonable.

» Minimal measurement and transmission: Excessive
measurements confuse the user and increase cost.

» Minimal and simple hardware: Complex or highly inte-
grated hardware increases costs for development and
maintenance as well as the training of the user.

» Nonconstraining and silent operation: Constraining
devices and noisy hardware cause unpleasantness for
the user.

In the following, we describe an unconstrained mounitoring

system of heart/respiration rates using wireless telecommunica-
tion as an application for home-visit rehabilitation therapists.

Application fo In-Home-Visit Rehabilitation .

Rehabilitation by a home-visiting therapist plays an important
role in home healthcare; the service decreases the physical
workload and risk on the part of patients who visit the hospi-
tal. The therapist can also arrange exercises suitable for resi-
dential life. To carry out effective physical therapy, the
postexercise observation of a patient’s health is desirable for a
therapist to ensure that the patients are not overexerting thern-
selves with an exercise. Additionally, the observed data allow
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the therapist to plan and evaluate long-term rehabilitation
schedules. Such observations can include heart rate, respirato-
ry rate, and blood pressure because they are easy to acquire
and record. Although these observations are easily performed
in a hospital, a therapist in home-visit rehabilitation work can-
not carry it out since he/she must visit separately located
homes. While the therapists can interview an individual
patient or the patient’s caregiver (by telephone, for example)
such information is not quantitative.

To redress the issues described previously, we have devel-
oped a system using a mobile terminal to help with home-visit
rehabilitation. The system allows a nomadic home-visit thera-
pist to acquire the health status information of a patient
remotely—from anywhere at any time.

Methods ,

Figure 1 illustrates the proposed system. The system consists
of a sensory system for the patient and a viewer system for the
therapist. A TCP/IP network connects the subsystems using a
physical communication infrastructure.

Home-Side Sensory System

The home-side system, as shown in Figure 2, consists of an
air-filled mat, a measurement unit, and a bridge unit, which
handles connections. When a subject lies on the mat, his/her
heartbeat and respiratory movements cause perturbations in
the air pressure in the mat. These perturbations are easily
acquired by a pressure sensor and have robust frequency
characteristics in a relatively lower frequency area compared
with environmental noise. Thus, through an appropriate fil-
tering process, both heart rate and respiratory rate are easily

’ Bed

Aﬁalysis Unit

Air
Pressure

Private
TCP/IP

Microserver .
Network

Public |
Mobile-Phone |
Network

estimated. Although there are other methods to measure such
information (such as the pulsemeters [3] that are widely used
to determine heart rate and a computer vision-based system
[4] proposed for determining respiratory rate) these methods
introduce problems. Pulsemeters constrain the subject,
decreasing their quality of life, and the vision-based system
requires complicated imaging hardware. In contrast, our
method can estimate heart and respiration rates simultane-
ously, with no constraints on the subject and using relatively
simple hardware.

The analysis unit (Bio-Sensor Node BN-6 from
Yokogawa Electric Corp., Tokyo, Japan) continuously moni-
tors the estimates and stores them in HTML format in a
built-in Web server. The stored data is accessible via an inte-
grated Ethernet interface. To mediate the Ethernet and the
incoming connections from the therapist-side system, we
employed an embedded microserver unit (OpenBlockSS
from Plat Home Inc., Tokyo, Japan). Since all units are inte-
grated in fanless modules, they conform to the silence
requirement described previously.

The choice of medium for telemetry networks is an impor-
tant issue when considering practical use. In conceptual
telemedicine, high-quality, wired connections like xDSL. or
FTTH are sometimes assumed as the medium. However, there
still exist large gaps in the spread of such media to many
localities. Thus, we decided to employ a wireless network
using mobile telephone terminals for both ends of the connec-
tion. Since the hospital and patient do not have to provide a

@ (b) ()

Fig. 1. A scheme of the monl%oring system.,
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Fig. 2. Patient-side system: (o) analysls unit, (b) microserver,
and (¢) moblle phone.
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wired medium, we can easily install and maintain the network.
In our system, a mobile telephone (P504iS from NTT
DoCoMo Corp., Tokyo, Japan) and a modem (MobileDP
2496P from NTT DoCoMo Corp., Tokyo, Japan) are used.

Therapist-Side Viewer System

Since the therapist does not necessarily have expert computer
knowledge, the viewer system should have ease of set up,
browsing, and report creating. Therefore, a PDA (Figure 3) is
employed. Today’s PDAs have browsers that allow access to
Web-based information through wireless media. The mobile
telephone and PDA are linked by an infrared modem attached
to the communication port of the mobile telephone. With this
viewer, the therapist can access the sensor node in an individ-
ual patient’s home via the Web browser built into the PDA.
Since the acquired information is shown as an image or text on
the Web browser, the therapist can copy it and paste into a text
editor on the PDA to track or record long-term transitions of a
patient’s status.

Connection

The performance and cost of the connection mechanism should
be carefully balanced. In our framework, a therapist checks the
estimated heart rate and respiratory rate at several time points
after an exercise for each server of interest. The data, only a
few kilobytes in size, are formatted in HTML for browsing
from a PDA. In such a case, the framework is modeled as the
server-client: servers providing data at an individual home and
a client for a therapist to access those servers. Thus, the home-
side system is implemented as a remote access server (RAS),
and the connection is established using TCP/IP over PPP.

Security and Privacy

Security issues should be considered carefully [5]. First, the
access rights to the measured data should be limited to a privi-
leged group to protect patient privacy and to prevent data
alteration caused by a malicious attack or accident. Second,

@ . {b) ()

Fig. 3. The therapist-side system: (@) IR modem, (b) mobile
phone, and (c) PDA.
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the identification of patients should be correctly performed by
a therapist to prevent malpractice. In our system, there are
multiple layers for access control. Since the connection is
established over a digital mobile telephone, strong data
encryption is performed in the physical layer and an RAS reg-
ulates any incoming connection by the caller’s telephone num-
ber; it uses challenge handshake authentication protocol
(CHAP) for username/password authentication. Since an indi-
vidual server is identified by the RAS telephone number and
requires different passwords for authentication, a therapist can
switch to the patient of interest easily and correctly. Further
security improvement is possible using popular security mech-
anisms in the session/application layer such as the internet
protocol security (IPSec) or the secure socket layer (SSL).

Resulifs

The proposed system was operated in practical clinical situa-
tions to evaluate its potential. The test was conducted in
Miyazaki prefecture, Japan. A physical therapist from Fujimoto
Hayasuzu Hospital and his three patients joined as subjects in
the experiment. Before the experiment, the hospital’s ethics
council approved the experiment, and patients or their families
gave both oral and written informed consent,

Subjects

Case 1

The subject is an old man with dementia. He is bedridden and
requires acute care for all activities. Rehabilitation training by
the therapist included joint flexion, muscle rebuilding, and
mental support. He lives in suburban area, 5 km from the hos-
pital. Only a mobile telephone is avallable for wireless com-
munication in the area.

Case 2

The subject is an 83-year-old man who had been hospitalized
for cerebral infarction with intercurrent aspiration pneumonia.
After recovery, he and his family requested home-visit care. He
is bedridden except at mealtimes and needs acute care includ-
ing complete support for most daily activities: Rehabilitation
training by the therapist included joint flexion, muscle rebuild-
ing, mental support, and platform-to-wheelchair assistance. He
lives in an intertountain area, 28 km from the hospital. Only
mobile telephone service is available in the area.

Case 3 ,

The subject is a 54-year-old woman diagnosed with muscular
dystrophy. She has mobility impairment and has to move on
her hands and knees. In addition to assistance with eating and
toileting, she requires partial help with some activities of daily
living. Rehabilitation training by the therapist included respi-
ration aid, joint flexibility training, and muscular exercises.
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