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An Easily Installable Wireless Monitoring
System for Ordinary Houses

EN

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

Abstract. This paper describes a behavioural monitoring system for ordinary
houses. The system employs a device that uses weak radio waves for {ransmitting
ebtained data and was designed to be inswailable without any technical knowledge
on part of the user or extra constructions. An ad-hoe network in the house is
important in case of an cmergency or a sudden ilness. The case of installability of
the system is also important. Therefore, a simple experiment was performed to
assess the installability, and the system was determined 10 be casily installable by
clients,

Keywords. Behavioural monitoring, wesk radio wave, simple installation 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, i.e. the system should be easy to 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 usabie after
merely installing it or attaching it o appliances. The installability of the system by
clients was evaluated by means of a simple experiment.

1. System Structure and Apparatus

The system has at least one data storage terminal (master server) and many
measuring units. The units automatically sample sensors” outputs and transmit the
obtained data to the server by radio. The radio network, i.e. data relay path, is
automatically constructed and is modified when a relay failure occurs. Another storage
terminal (slave server) can be added to the system; if a unit has no path to the master

" Comesponding Author: Depantment of Electronic and Computer Engineering, Tokyo Denki University,
Ishizaka, Hatoyama, Hikigun, Saitama, Japan; E-mail: tsuka@@fdendai.acjp.
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{c} Usage cxamic

{a) Cireuit board ) (b} External appearance
Figure 1, Measuring unit (attachable type)

Table 1. Specifications of the measuring unit.

Item Specification

Microprocessor/Controller PICI6FR76 (Microchip Technology, Inc.)
Processor Clock 10 Mz

Radio Module CDC-TRO2B (Design Circuit, Inc.)

Radio Frequency 315 Milz

Modulation Amptitude Shift Keving (Manchester Coding)
Maximuom Transter Rate 115.2 kbps

Unit Weight ~200 g

Size (H = W= D) 100 = 63 # 35 mm

server, it can attempt 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 there is a
relaying path from the slave server 1o the master server, the former transmits stored data
o the latter.

Figure | shows the circuit board, the external appearance, and a usage example of
the measuring unit developed in this study. Table 1 shows the specifications of the unit.
The unit employs 4 pattern antenna. The maximum transfer rate of 115.2 kbps enables
us to 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 as a
proximity sensor, TV sensor, etc. The attachable type can be attached to a specific
device such as a microwave oven, refrigerator or washing machine. The size of the
measuring unit is almost the same as that of a 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 test,

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 subjccts and experimental results,

Case Sex Age ¥ Nog Ny Er Ep
i ¥ 46 24 10 10 l 0

2 ¥ 47 40 10 10 2 0
3 M 49 20 10 10 3 0
4 M 33 17 10 10 2 0
3 ¥ 51 7 13 13 0 0

6 F 76 13 13 1 1 10

72 vime consumed for finishing a task fmin], Ny number of units ta be sef,
N number of units actually set, £: positional error, 5 directional error.

We examined the installability of the system by clients. Six healthy volunteers {two
male and four female; average age 54.2 + 11.2) participated in this study. Their
characteristics 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 and Discussions

The result of the data ransmission 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 1o test the multi-hop network system. For a practical system, the antenna type
and output power should be adjusted so that the transmission range is at least six meters.

Table 2 shows the results of the installability evaluation. 7" denotes the time
consumed for finishing a task; Npp, the number of units to be installed; N, the number
of units actually installed (including Ep» and Ep); Es, the number of units that were
installed at wrong locations (counted only when the intended data was not obtained; the
instailation position and direction are left to the subjects’ discretion) and Ep, the nomber
of units that were placed in wrong directions (equal to £, counted only when the
intended data was not obtained). The averages are as follows: Ny =974% and £p =
I15%. In cases 1 1o 4, the subjects installed almost alf units properly. In case 6, two units
were not installed and the rest were instailed in wrong directions.

In most cases, the installation positioning error (Ep) appears to have been caused by
mistakes in the instruction manual, In particular, the TV sensor unit was required to 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 descriptions in
the manual were written as briefly as possible to reduce the time spent on tasks, In case
6, the position at which a 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 buse-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 instailability—were performed. The data transmission range was determined to be
about 1.5 m; 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 a particular subject installed all units in
wrong directions, the unit (sensor) should not be sensitive to direction. An error in the
installation position may cause data confusion; therefore, a method should be developed
for inspecting the unit position.
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A Smart House for
Emergencies in the Elderly

Toshiyo TAMURA'
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Abstract. An automated monitoring system characterised as a smart house and called
the Welfare Techno House (WTH) has been designed for home health care to prevent
disease and improve the quality of life in the elderly. In this paper, we describe the
smart house project in Japan and evaluate its effectiveness. The WTH concept involves
a monitoring system for the continuous measurement of physiological parameters.
Using this system, we collected physiological data and then analysed the key features of
the data with regard to health monitoring. We review the previous [0-year trial of the
WTH experimental project and discuss future developments.

Keywords. Smart house, wireless LAN, automatic health care system, ad hoc network

Introduction

Given the increase in elderly people in our society, a need exists for the promotion of new
methods of disease prevention using information and communication technology.
Consequently, several “smart houses” have been developed worldwide that use applied
information technology to measure daily health activity at home. Epidemiological research
is also needed to assist in the prevention and identification of diseases such as diabetes and
hypertension, but this research requires long-term monitoring [1]. Our proposal is to use a
smart house to monitor physiological parameters noninvasively. The ability to monitor
physiological and vital signs without attaching sensors and transducers to the body is
preferable especially in emergency cases. Thus, fully automated measurements are needed
to acquire data in a noninvasive manner and minimise procedures for subjects. An
experimental project on noninvasive automatic monitoring of a patient’s daily
physiological status during bathing, elimination, and sleep was conducted at the Welfare
Techno Houses (WTH) in Japan.

In this paper, we present the current home health care technology at the WTH and
propose new, simple technology for installation at this facility.

! Corresponding Author: Faculty of Engineering, Chiba University, 1-33 Yayoi, Inage, Chiba, Japan; E-mail:
tamurat@faculty.chiba-u.jp.
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Figure 1. Welfare Techno House in Mizusawa. Overview (top left) of a barrier-free living room with an
infrared sensor on the ceiling (top right), bathroom with an electrocardiogram (bottom left), and bed with an
electroconductive sheet.

1. Welfare Techno House
1.1. Health monitoring

In 1995, the Japanese Agency of Industrial Science and Technology, under the auspices of
the Ministry of International Trade and Industry (MITI), and the New Energy and
Technology Development Organizations (NEDO) collaborated to support the construction
of 13 demonstration and research houses across Japan, known as WTHs. After a few years,
three more houses were built for a total of 16 WTHs. The concept of these experimental
houses is to promote independence for elderly and disabled persons and to improve their
quality of life. The houses provide the opportunity for clients and caregivers to explore
issues concerning accessible design and to participate in trials that enable them to meet
their own specific needs; the WTHs are therefore used for testing and exhibiting new
products and design concepts. Elderly and disabled people may stay in the houses for
several days to try out the facilities. In addition, manufacturers are able to test their
equipment, although no accreditation is given based on this use.

The Ministry of Health, Labor, and Welfare supports the integration of information
technology with health care. Consequently, we have developed an electronic healthcare
system for the WTH.

Three of the 16 houses were built as smart homes. The Mizusawa Techno House (Fig.
1) was designed to accommodate two generations of people as a two-story building with an
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area of 400 m”, which is greater than the average Japanese house. This facility incorporates
a range of features that relate to the approach to the house, orientation and movement
within the house, and building management. These features are integrated to provide
flexibility of use and to meet a variety of individual needs, particularly for elderly who
require care. The floor has a cushioning effect and under-floor heating, and a home network
system was installed as part of the smart house control and communication network to
provide for the control of lighting, curtains, and windows. Furthermore, the security system
has a video phone connected to the front door. The future of the Mizusawa Techno house
involves the introduction of automatic health care facilities as shown in Fig. 1.

The concept of an automatic health care monitoring system has been published
elsewhere [1-5]. For example, automated electrocardiogram (ECG) measurements can be
taken while a subject is in the bed or the bathtub without the subject’s awareness and
without using body surface electrodes. Furthermore, body weight can be monitored by the
toilet. To evaluate these automated health monitoring systems, overnight measurements
have been performed to monitor the daily health status of both young and elderly subjects
[6].

Simple physical sensors, such as pyroelectric sensors and magnetic sensors, have been
installed inside rooms, and the number of activations or switches are counted to monitor the
movement of subjects [7].

1.2. Data analysis

Several attempts for long-term monitoring and epidemiological study have been performed
to evaluate the health effects of the monitoring, and simple histograms have been produced
to present the data based on the average activation per unit time [8].

We applied imaging technology to monitor the well-being of occupants. We focused
on the use of the television, and the on/off switching time was plotted as shown in Fig. 2. A
regular signal output is shown in Fig. 2(a), while an irregular signal output is shown in Fig
2(b). We can evaluate the well-being of a subject with this simple monitor [9]. We were
able to detect an irregular condition at an early stage before hospitalisation was required.

2. Further development of smart house projects

Over the last 10 years, our group and colleagues have attempted to create several sensors,
such as temperature and optical flow monitors located in the bed, as well as software.

The WTH concept is a valuable contribution to the development of accessible domestic
dwellings and the integration of these structures with the information technology
infrastructure and daily living products. The WTH technology will facilitate independence
and improve the quality of life for elderly and disabled people in Japan. Although few
reports have been published on the Japanese smart house project, we have proposed
innovative new projects and products; however, only two have been made commercially
available (Sekisui and Panasonic, Japan), and the system was not implemented in private
homes.
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Figure 2. The time course of the TV on/off switch use. The left panel shows data from normal daily life, and
the right panel shows an irregular pattern before hospitalisation.[9]

In terms of a business model and integration, the proposed system is very useful for
elderly subjects. The clients typically only require this type of monitoring once a week or
during an emergency. The questionnaire given to these subjects indicated that continuous
monitoring was not required [10]. The proposed system, however, must be refined to meet
their needs better.

Issues of privacy and ethics are also critical in this system. The elderly were not
comfortable with the idea of continuous monitoring, which seemed to rob them of their
privacy.

The main disadvantage of this system is that it must be installed when a house is being
built,-and the installation is expensive and time-consuming. For emergency cases, such as
sudden illness, we will sometimes need to install this type of system in an existing house;
therefore, a monitoring system should be easy to install and remove. Furthermore, the
system must be evaluated through evidence-based health care (EBHC).

3. Wireless network and wearable sensor

The integration of wireless data communication technologies such as wireless LANS,
Bluetooth, ZigBee, MOTE, and other radio frequency systems with a sensor unit for data
collection is effective for introducing health monitoring systems into ordinary houses in a
short time.

New technology will provide advanced computational capabilities and reliable
healthcare monitoring at locations where the number of caregivers and their time are
limited and where biomedical analysis-and-decision-making computing devices are
urgently needed to assist the medical staff.

The network chip that we are now developing will be deployed as a medical sensor-
network for home health care. In this scenario, a patient would have biomedical transducers
attached to their body that measure an ECG 1 lead and oxygen saturation in the blood
(SpO,) noninvasively for several days. Different sensors in turn would be connected
wirelessly to a wearable network chip that collects different parameters and performs
filtering, complex calculations, and analysis of received information to identify the state of
the patient. The collected and analysed data will then be transmitted wirelessly (GPRS, 3G)
to a hospital where physicians and nurses can follow-up on the patient’s condition. The
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medical parameters are sent in real time from home appliances and/or medical equipment to
the network chip for processing and real-time analysis of large amounts of data. For
example, an ECG for heart monitoring may produce megabytes of data by monitoring for
only half an hour. Thus, a real-time analysis solution becomes crucial, and the network chip
would be used, i.e., for fast complex computations to deliver results within an acceptable
period of time, especially in an emergency. In normal monitoring situations (i.e.,
nonemergencies), the processed and analysed data would be sent from the network chip to
the hospital three or four times per day or at a rate based on the individual case.

4. Conclusions

We developed a fully automatic health care monitoring system for use in a WTH that
effectively collects physiological data. However, the problem of implementing this system
in the real world is difficult to resolve. We are now developing a simple and highly
specific health monitoring device to use in the home for evaluating the personal health
status and daily activity level without the use of invasive measurements.
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Abstract. This paper describes a sensor unit used in a behavioural monitoring
system for ordinary houses. This unit has been developed to obtain information on
the usage of home appliances by measuring the radio waves leaking from these
appliances. Since the unit employs a device that uses weak radio waves for
transmitting the obtained data, the unit is ready for use by simply attaching it to an
appliance. A simple evaluation test revealed the applicability of the sensor unit.
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Introduction

Preventive medicine is one of the types of health care for the elderly. Obtaining
continuous physiological information will be useful for health care since quantitative
information is very important for physicians in order to make a diagnosis and suggest
treatments. Furthermore, due to an increase in the elderly population, the investigation
of preventive and epidemiological medicine is important to reduce the costs incurred in
medical insurance and health care. Because of the large medical costs incurred due to a
large number of patients, the reduction in medical costs is a crucial issue.

Recently, behavioural information has been shown to be effective for maintaining
and improving the quality of life [1-8]. It is known that both the physical and mental
conditions of elderly people are reflected in their behaviour. The elderly are somewhat
conservative and their day-to-day activities do not differ significantly; these activities
may include preparing food and watching TV regularly. This pattern will be different
when they are not healthy [8]. Many behavioural monitoring systems have been
developed thus far. However, these systems consist of many physical sensors such as
drawer sensors and movement sensors, and wiring is required to connect these sensors
with a computer that stores their status. Therefore, most of these systems are installed
when a house is being newly built or reconstructed. In reality, the installation is
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expensive and time-consuming. For the elderly who live alone, we sometimes need to
install such systems in their houses in case of sudden illnesses or emergencies.
Therefore, such a system should be easy to install and remove [6, 7]. Recently, a
behavioural monitoring system based on radio-frequency identification (RFID) was
proposed as one of the low-cost and easily installable monitoring systems. The
generality and the applicability of the system are remarkable; however, it is difficult to
analyse the obtained data since the target and number of the attached RFID tags are
different for each subject and a generalized analysis method has not yet been designed.
Recent studies have revealed that the usage statistics of home appliances, which
fall under behavioural information, are useful for estimating the health conditions of
the elderly by evaluating their daily activities [5, 8]. For the detection of the usage of
home appliances, an electric current detector is used; this monitors the total amount of
electric power in the power plug. Ideally, the integration of wireless data
communication technologies such as wireless LANs, Bluetooth, ZigBee and other RF
systems with the sensor unit for data collection is effective for introducing such
systems in ordinary houses in a short time. Unfortunately, no studies have been
performed thus far to monitor and transmit physiological parameters. Furthermore,
since the electric current detector requires access to a power plug, some of the
advantages of a wireless system will be lost. The design of both the monitoring system
and the sensor needs to be improved for facilitating their easy installation and removal.

- In this study, we built an ad hoc wireless behavioural monitoring system that was
technically similar to that built by Mote [9]. A wireless system is very important for the
temporal construction of a monitoring system in ordinary houses since it does not
require any wiring. In addition, we developed a sensor that detects the usage of home
appliances. The sensor was designed to be usable by simply attaching it to an appliance.
The unit employs a device that uses weak radio waves for transmitting the obtained
data, and it detects whether an appliance is in use by measuring the radio waves leaking
from it. Therefore, engineering expertise is not necessary to install the unit.

1. System Structure and Apparatus
1.1. Behavioural Monitoring System

The system developed in this study comprises a data storage terminal and many
measuring units. The units automatically sample the outputs of the sensor circuit and
transmit the obtained data to a server via a radio module. The radio network, i.e. data
relay path, is automatically constructed and modified when a relay failure occurs.

Figure 1 shows the circuit board and the schematic diagram of the sensor unit.
The unit shown in Figure 1(a) has an RS232C-type communication port in order to
directly connect it to a personal computer (i.e. the unit can also act as a radio interface
for the server). A 1/4-A antenna (Diamond RH-3) makes the radio communication more
reliable than the previously developed pattern antenna [9].

1.2. Sensor Circuit

1.2.1. Television Sensor

For developing a sensor that detects the usage of home appliances, we first focused on
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Figure 1. Sensor unit for behavioural monitoring

Table 1. Definitions of conventional colour television formats

Format Scanning line Frame rate Horizontal scanning
N (lines/frame)  fy (Hz) frequency fy (kHz)
NTSC 525 2997 15.734
PAL 625 25 15.625
(PAL-M, PAL60)  (525) (29.97) (15.734)
SECAM 625 25 15.625
Antenna R Sensor
i esonator
input Amplifier output
O—— 7w and — LPF )
or rectifier
50 Hz

Figure 2. Schematic diagram of the sensor circuit

the television set. This is because the habit of waiching television is always associated
with the type of programme, and this habit is strongly influenced by the physical and
mental conditions of the subject [8]. The image on a television screen is composed of a
number of horizontal lines (scanning lines). By displaying different images at a certain
frame rate, the television displays a moving picture. The number of scanning lines N
and the frame rate f, of conventional television formats are shown in Table 1. The
horizontal scanning frequency fy can be calculated as the product of N and f. The
scanning in a conventional television set comprising a cathode ray tube (CRT) is
performed by driving an electromagnet near the electron gun in the CRT. The
electromagnetic activity near the CRT during the operation of the television can be
detected by obtaining the leaked radio (electromagnetic) waves from the electromagnet.
In this manner, information on the usage of a television set may be gathered.

Figure 2 shows the schematic diagram of a television sensor. The leaked radio
waves from the television set are extracted by the resonator. Since f}, is almost the same




S. Tsukamoto et al. / Easily Installable Sensor Unit Based on Measuring Radio Wave Leakage 215

among the television formats, the resonance frequency was set as 15.7 kHz, which is
also the intermediate frequency. The amplified and rectified signals are then low-pass
filtered (LPF) in order to determine whether the television set is on or off by very low
frequency sampling. Generally, a comparator circuit is necessary for the on/off
distinction. However, because the output voltage of the circuit may be affected by the
placement of the unit, a comparator circuit, which requires a constant threshold, was
not introduced in this study. The distinguishing of the on/off status can be performed
following the raw sampling of the sensor unit output by using the software in a PIC
microprocessor unit that employs the variable threshold technique.

1.2.2. General-purpose Sensor for Home Appliances

A television sensor uses a special resonance frequency at which it does not respond to
waves from other appliances such as video tape recorders or AV amplifiers. In other
words, depending on the type of electromagnetic waves radiated by an appliance, the
sensor unit can be adapted to receive waves from almost all appliances; this can be
done by tuning the resonance frequency of the resonator and the gain of the amplifier.

In this study, we also developed a general-purpose sensor that responds to a
resonance frequency of 50 Hz, which is the power-line frequency of commercial
electric power systems in Eastern Japan. The frequency of leaked radio waves can be
observed in almost all appliances since most of the appliances have power transducers,
i.e. a (electromagnetically) coupled transformer.

2. Experiments

To assess the applicability of the sensor developed in this study, we conducted simple
experiments. The sensor unit was placed on the target appliance, and the data storage
server was placed at a distance of ~2 m. The sensor output was automatically sampled
by the PIC microprocessor installed in the sensor unit at a sampling frequency of 10 Hz
and a sampling resolution of 8 bits. A reference voltage of 5.0 V was used for the A/D
converter. The data obtained was then transmitted to the server. A simple handshake
protocol was employed in this experiment. In the case of a transmission error (when the
sensor unit was unable to receive an acknowledge (ACK) packet from the server), the
unit retransmitted the data without any limitation on the number of retransmissions.

During the first evaluation, based on the output of the sensor, we confirmed that no
appliances were in use (i.e. the sensor circuit measured the environmental noise).

To confirm the behaviour of the proposed sensor circuit, we observed the obtained
raw signal (leaked radio waves from the television set), processed signal (resonance,
amplification and rectification) and filtered sensor outputs. These signals were recorded
using Tektronix TDS210. The A/D converter in the PIC microprocessor was not used
in this experiment. The applicability of the television sensor was then evaluated by a
simple television on/off test. Further, we confirmed the dependency of the sensor
output on the screen size; several conventional television sets that comprised CRTs
were evaluated in this study.

For the evaluation of the general-purpose sensor, we selected a microwave oven as
one of the home appliances; this is because the magnetron used in a microwave oven is
driven by a voltage-doubled half-wave-rectified power generated by a high-voltage
transformer.






