well-counted subject, and the gray line represents an
uncounted subject. When the amplitude of the acceleration
was small, as with the gray line, the pedometer could not
count the steps, which suggests that a counting method that
relies on a threshold of acceleration in the vertical direction
is not suitable for this population. The relationship between
the counting error and the physical activity in the vertical
direction also suggests the difficulty in counting based on
movement in the vertical direction.

To improve the accuracy of the pedometer, we at-
tempted to estimate the number of steps using the cadence
obtained from the acceleration signals in the three
directions. The estimation results of our FFT method were
accurate in the elderly who walked slowly, with or without
gait disorders, and with or without using a cane: the
average error of FM was —0.7 + 7.9% of the RM. By using
FFT, we were able to obtain the cadence from the small
amplitude of the acceleration as shown in Figure 7; thus,
our FFT method was able to estimate the number of steps
in the subjects whose steps were not counted by the
pedometer. Moreover, our FFT method estimated the number
of steps regardless of the presence of a gait disorder.
Generally, these populations are not conducive to a counting
method based on the threshold of vertical movement.
Furthermore, our method is amenable to the attachment of
the device. A previous study reported that the accuracy of
pedometers, especially mechanical ones, is affected by
pedometer tilt (7). Our FFT method will not limit the
placement of the device or device position on the waist belt
because it is based on composite acceleration signals in the
three directions. Thus, our FFT method might be effective in
estimating, with high accuracy, the number of steps in
overweight and obese adults or elderly patients with kyphosis.

Nevertheless, the number of steps was under-and over-
estimated by our FFT method. Only one subject’s error of
FM was poorer than that of PM. The number of steps of
this subject was underestimated by 14.3% of RM by our
FFT method, whereas it was undercounted by 12.5% of
RM by the pedometer. The error of FM in this subject
occurred during the turning arc; the cadences of the 4-s

1.0
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Accy, g

-1.0

0- A
~0.51

windows in the three directions were not in synchrony, and
the physical activities in the three directions were large
compared with other subjects. However, nine subjects
showed errors of FM that were larger than 10% of RM.
The amplitudes of the errors of FM were smaller than those
of the pedometers individually except in one subject,
whose error of FM exceeded 20% of the RM; however, it
was better than the results of the pedometer. The subject’s
number of steps was undercounted by 60% of RM by the
pedometer. Therefore, we suggest that our FFT method
will be able to provide the number of steps accurately even
in elderly subjects with slow walking velocities, gait
disorders, and cane use during walking.

A 4-s window length was used for calculation of cadence
in this study because none of the subjects took more than
4-s for a single step. Using a 4-s window length meant that
there was a 4-s delay at each measurement period. In the
present study, the time period at the end of the measure-
ment, which was not a complete 4-s length, was cut off.
Consequently, there is a possibility that this cutoff time
period caused some estimation error. The 4-s window
length was considered suitable for our subjects, but the
window length must be chosen carefully based on the
characteristics of the subjects. Another point that should
be considered is the handling of the turning arc. The
amplitudes of the acceleration signals during the turning
arc differed from those of walking segment; thus, there was
a tendency for the determined cadence at each window to
be low when the 4-s window included both the walking and
turning periods. However, a high-frequency acceleration
signal that did not originate from the walking movement
sometimes appeared at the turning period. These problems
must be resolved for a more accurate estimation.

In this study, we attempted to estimate the number of
steps during the walking and turning segments. As men-
tioned above, the results of this study showed that our FFT
method is suitable for people who must undergo gait
training. Maintaining patient motivation is important for
reaching rehabilitation goals and regaining QOL. Our
method will assist with efforts to maintain patient motivation

1.0
0.5+
FIGURE 7—Typical examples of the acceleration
signals Accg, Accy, and Accy in well-counted subjects
(PM was more than 90% of RM; black line) and
uncounted subjects (PM was 0% of RM; gray line).
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because the use of the pedometer will increase the mo-
tivation of the patient (4). Consequently, our FFT method
is useful for promoting the continuation of gait training,
which can help patients improve their muscle strength,
avoid falls, and regain the ability to perform ADL. In
addition, our method will reduce the workload of the
therapist. For the application to clinical situations or daily
life, price and ease of use are important factors. A digital
signal processor (DSP) or simple low-power CPU is
needed to calculate a FFT; however, a pedometer with a
DSP could be made that would not be prohibitively
expensive (approximately $200) and that would be as easy
to use as current pedometers. In the future, improved device
and time-frequency analysis may be available for applica-
tion under free-living conditions (3,11,25); this is required
for increasing and promoting daily physical activity,
although we must point out the changes in speed inside
the house.

In summary, we assessed the accuracy of a pedometer in
elderly subjects with regard to walking speed, the presence
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of a gait disorder, and the use of a cane. We also estimated
the number of steps using the cadence obtained from the
composite power spectrums of triaxial acceleration signals
using a FFT algorithm and compared this with the number of
steps visually counted by a therapist. The pedometer was
inaccurate in our subject population, whereas our FFT
method was reasonably accurate at estimating the number
of steps. The number of steps estimated by our FFT method
was significantly correlated with the actual number of steps,
and the average value of the estimation error was —0.7 +
7.9%. Our FFT method needs improvement because
estimation errors of more than 10% existed. We suggest
that our method is adequate and suitable for estimating the
number of steps during walking in elderly people with slow
walking speeds, with or without gait disorders, and with or
without the use of a cane.
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Low-cost, email-based system for self blood
pressure monitoring at home
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Summary

We have developed a low-cost monitoring system, which allows subjects to send blood pressure (BP) data
obtained at home to health-care professionals by email. The system consists of a wrist BP monitor and a personal
computer (PC) with an Internet connection. The wrist BP monitor includes an advanced positioning sensor to
verify that the wrist is placed properly at heart level. Subjects at home can self-measure their BP every day,
automatically transfer the BP data to their PC each week, and then send a comma-separated values (CSV) file to
their health-care professional by email. In a feasibility study, 10 subjects used the system for a mean period of 207
days (SD 149). The mean percent achievement of measurement in the 10 subjects was 84% (SD 12). There was a
seasonal variation in systolic and diastolic BP, which was inversely correlated with temperature. Eight of the 10
subjects evaluated the system favourably. The results of the present study demonstrate the feasibility of our
email-based system for self-monitoring of blood pressure. Its low cost means that it may have widespread
application in future home telecare studies.

Introduction Flectronic, oscillometric BP monitors, which are
cossenersecesarensy cosrneas J Y P T TP PIPY compact and easy to use (even for elderly people) have
been developed for SBPM.** These monitors use the
upper arm,® wrist* or finger® as the measurement
location. However, it has been noted that finger
measurement is not suitable for accurate BP
monitoring.%” In addition, wrist cuffs are more
comfortable than upper arm cuffs for repeated BP
measurement.®® The accuracy of wrist measurements
depends on proper positioning of the wrist at heart
level. Because of the uncertainty of the wrist level
during measurements, some professionals are reluctant
to recommend wrist BP monitors.”'° To overcome
this problem, wrist BP monitors with a positioning

Self blood pressure monitoring (SBPM) at home is
important for patients with hypertension in order to
teach them about their chronic blood pressure (BP)
condition and to allow a more efficient assessment of
the patient’s response to antihypertensive medication.
SBPM also removes the pressor effect of the office,
eliminates observer errors and enhances patient
compliance, potentially reducing costs and providing
objective confirmation of readings taken by patients
or elderly people.! In addition, previous studies have
demonstrated that SBPM has a stronger predictive

power for target organ damage, morbidity and sensor have been developed recently and are now

mortality than that of conventional office BP commercially available.>'! These may be valuable for
measurements.? SBPM.

We have developed a low-cost email-based system,
which allows patients and elderly people to send BP

Accepted 8 October 2005 data obtained at home to health-care professionals
Corfespo.ndence: Kazuki Na.kajin'fa, Division of Bi'o‘lnf.ormation such as a general practitioner at regular intervals, and
Engineering, Faculty of Engineering, Toyama University, 3190 Gofuku, t . dvice f th lar basis. Th
Toyama 930-8555, Japan (Fax: +81 76 445 6723; O receive advice from them on a regular basis. e
Email: kazukin@eng.toyama-u.ac.jp) continuous dialogue between the health-care
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professional and the patient may lead to more
successful management by the professional and
increased adherence by the patient.! Thus, the aim of
the present study was to assess the feasibility of a low-
cost, email-based system for SBPM. In addition, long-
term SBPM data obtained using this system were
analysed taking into consideration a seasonal
temperature change.

Methods

©080s400000000000s00cs0000s0tnstst0sersNncROnTES essnseensavascnssostase

Ten elderly volunteers, including four married couples,
were enrolled. All subjects received an explanation

of the purpose of the study and provided written
informed consent. Ethics permission was not required.
The subjects started BP measurement on 15 August
2002. After completion of their participation in the
study, they provided their assessment of the SBPM
system by interview.

The wrist cuff oscillometric BP monitor (HEM-6371T,
Omron, Tokyo, Japan) consisted of a microprocessor,
an electric pump, a pressure sensor, an LCD screen and
a wrist cuff. It also included an advanced positioning
sensor (APS) and a universal serial bus (USB) interface.
The APS served to verify that the wrist was placed
properly at heart level, and the USB interface served to
transfer BP data from the internal memory of the BP
monitor to the subject’s personal computer (PC). A BP
monitor was given to each subject, and the subjects
were instructed in its proper use. The subjects placed
the wrist cuff around the left wrist, after which the APS
guided the wrist to the proper placement at heart level
by means of an arrowhead, which appeared on the LCD
screen. When the wrist is held at heart level, cuff
inflation starts automatically, and the systolic and
diastolic BP readings are displayed on the LCD screen

Blood
pressure ol
monitor D Ol
=50
use
Data upload
{once a week)
usB
Patient's PC

together with the date and time. The BP monitor
automatically stores these data in its internal memory,
which has a recording capacity of 90 measurements.*?

All subjects, including those without prior
experience of SBPM, learned to use the BP monitor
properly after 10 min of training. After completion of
training, the subjects measured their BP twice a day
(just after waking in the morning and just before
going to bed at night), and were asked to continue
measurement as long as possible, at least for 30
consecutive days. The BP readings with the date and
time were transferred weekly from the internal memory
to the PC by a software program (BI-LINK version 1.0.0,
Omron) and stored as a comma-separated values (CSV)
file. The file was sent by email each month to one of
the authors. In each married couple, at least one
partner was familiar with email, and the data for both
partners were sent together. The other two subjects,
who had no experience with email, were helped by
their children to send the data.

The procedure is suminarized in Figure 1.

Analysis

Each CSV file received was converted to a spreadsheet
(Excel, Microsoft), and the morning and evening
systolic and diastolic BP data were plotted separately as
a function of the time of day. The hourly regional
outdoor temperature in the district where the subject
lived was obtained from the meteorological data
reference Website of the Japan Meteorological
Agency,'® and the regional outdoor temperature at the
time closest to that of BP measurement was also plotted
with the BP data.

The BP and temperature data were fitted with smooth
curves, using a weighted curve fitting method**
(KaleidaGraph version 3.51, Synergy Software, Reading,

Internet email

1 csv e

(once a month)

Healthcare professional's
PC

Figure 1 Low-cost email-based system for SBPM
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PA, USA). The smoothing coefficient in the weighted
curve fit method was 33% of the data range. The
correlation between BP and outdoor temperature data
was calculated from the fitted curves.

Results
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Monitoring period and percent achievement
of measurement

The monitoring period ranged from 35 to 502 days,
with a mean period of 207 days (SD 149) days (Table 1).
The mean numbers of morning and evening
measurements were 181 (SD 142) and 179 (SD 144),
respectively. Monitoring was incomplete in most
subjects: only Subject 10 recorded two measurements
per day throughout the monitoring period. Figure 2
shows the relationship between the percent
achievement of measurements (ratio of the total
number of measurements carried out to twice the
number of days in the monitoring period) and the
monitoring period. The regression line indicates that
subjects who were monitored for long periods had a
high percent achievement of measurements. The mean
percent achievement of measurement in all 10 subjects
was 84% (SD 12). In hypertensive subjects (rn=23), the
mean percent achievement was 93% (SD 7), and in the
normotensive subjects (n=7), it was 81% (SD 13). The
difference between the hypertensive and normotensive
subjects was significant (t-test, P<0.01).

Evaluation by subject

All 10 subjects were interviewed after the study. The
three subjects whose percent achievement of
measurement was less than 80% were asked about the
reason for their low percentages. Subject 3 did not trust
the BP monitor because her BP readings fluctuated
more than she expected. Subject 9 was not interested in
the BP measurements, and did not measure his BP

K Nakajima et al. Self blood pressure monitoring

every day. In addition, he was in the habit of waking up
late, and sometimes missed his BP measurement time
in the morning. In the case of Subject 4, the battery in
her BP monitor was low from the beginning of the
208th day, and she did not obtain a replacement for 24
days. Finally, our interviews showed that eight of our
10 subjects (all except Subjects 3 and 9) approved of the
proposed SBPM using the wrist monitor with the APS.
They also mentioned that the weekly transfer of BP
data from the internal memory of the monitor to theix
PCs and the monthly email of the BP data to one of the
authors were not stressful, and gave a favourable
evaluation of the utility of the proposed SBPM system.

Physiological data

Figure 3 shows an example of BP in the morming
and outdoor temperature in Subject 5. The seasonal
variation in systolic and diastolic BP was inversely
correlated with temperature. The correlation
coefficients were —0.95 for systolic BP and —0.96 for
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Figure 2 Relationship between percent achievement of
measurement and the monitoring period in 10 subjects. The solid

* line is the regression line

Table 1 Personal details, monitoring period and number of blood pressure measurements for each subject

Number of measurements

Subject Age (years) Sex Location (city, prefecture) Hypertension Monitoring period (days) Morning Night Total
1 60 M Obu, Aichi 35 30 31 61
2 60 F Ube, Yamaguchi 161 138 132 270
3 62 F Seki, Gifu 139 97 89 186
4 63 F Ryoto, Kyoto 299 227 192 419
5 65 M Suzuka, Mie Yes 502 453 468 921
6 66 M Ube, Yamaguchi 163 141 154 295
7 67 M Seki, Gifu 139 135 139 274
8 68 F Obu, Aichi Yes 174 156 142 298
9 69 M Kyoto, Kyoto 55 EY 43 74
10 72 F Niigata, Niigata Yes 399 399 399 798
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Figure 3 An example of the seasonal BP variation in Subject 5.
There is an inverse correlation between BP and outdoor
temperature. The upper, middle and lower points with their best-
fit lines indicate the systolic BP, diastolic BP and outdoor
temperature, respectively. Abscissa, time in days from the
beginning of measurement (15 August 2002)

diastolic BP. In the other seven subjects whose
monitoring periods were longer than 130 days, BP
variations with an inverse cosrelation to seasonal
temperature variations were also observed. The mean
correlation coefficients in these eight subjects were
-0.70 (SD 0.36) for systolic BP and —0.79 (SD 0.25) for
diastolic BP. ‘

Discussion

L I T Ty Ty R T )

In the present study, the mean percent achievement of
measurement in the 10 subjects was 84%. Eight of the
10 subjects evaluated the system favourably. The results
demonstrate that the email-based SBPM system is easy
to use and is acceptable to elderly people, especially to
those with hypertension who require long-term
monitoring of their BP.

Telecare, telenursing and telemonitoring systems
using the Internet, ISDN lines and the telephone
network have been developed to monitor and manage
the health condition of patients with hypertension or
chronic disease. Cost is an important factor in patients’
perceptions of such systems. Aris ef al."® developed an
Internet-based blood pressure monitoring system.
However, special hardware was required to link the
output of the BP monitoring device (automatic
sphygmomanometer) with a PC. Unlike this system,
the monitor used in the present study could transmit
BP readings automatically via the built-in USB
interface. In addition, our system used email to send
the monthly reports of BP data. The cost of email is
relatively low, involving only the cost of the provider.

206

Therefore, the present system can be implemented at a
low cost.

The accuracy of self BP measurements using wrist
monitors has been discussed in previous studies.®!
One cause of inaccurate BP measurements in wrist
monitoring is the possibility of incorrect wrist level
positioning during measurement. The wrist monitor
used in the present study includes a positioning systern
that guides the wrist to the heart level. Recently,
Yarows® demonstrated that the present wrist monitor
with the APS measured BP more accurately than the
same model with the APS turned off. Nolly ef al.}! also
evaluated the accuracy of the wrist monitor with the
positioning sensor in comparison with the standard
mercury sphygmomanometer, and found excellent
agreement between them.

The physiological BP data obtained in the present
study showed seasonal variation with an inverse
correlation to seasonal outdoor temperature variation.
The relationship between BP and seasonal temperature
variation has been examined in many studies, and it has
been confirmed that BP has seasonal variations with an
inverse correlation to seasonal temperature variation.'**”
Therefore, the seasonal BP variation seen in the present
study may be taken as a reflection of the accuracy of BP
measurements using our monitoring system.

The results of the present study demonstrate the
feasibility of our email-based system for SBPM. It can be
incorporated easily into the homes of patients or
elderly people. It may have widespread application in
future home telecare studies.
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Abstract— This paper describes a wireless behavioral
monitoring system equipped with an omnidirectional electric
field sensor. The system can be installed by individuals in their
residences. It is composed of a sensor circuit, wireless data
transmitter, and receiver that is connected to a personal
computer for data storage. The sensor circuit has been designed
to obtain information on the usage of domestic appliances by
measuring the electric field around them. It is assumed that the
usage statistics provide information on a type of indoor
behavior of the subject. Since the system employs a device that
transmits the obtained data through weak radio waves, the
sensor unit, which is composed of the sensor circuit and wireless
data transmitter, can be used by simply attaching it to an
appliance. Simple evaluation tests confirm the practicability of
the system.

I. INTRODUCTION

Recently, ubiquitous networks have been applied to
various fields, and a wireless sensor network technology
has been introduced for home healthcare as a biomedical
monitoring system [1]. The wireless biomedical monitoring
system is an epoch-making system because it enables the
collection of physiological data of individuals. On the other
hand, a recent study has revealed that the physical and mental
conditions of elderly people are reflected in their behavior;
the pattern changes when they are unhealthy. Therefore, a
domestic behavioral monitoring system can also enable the
detection of a disease in its early stages [2], [3]. In addition,
the recorded data may be used by a medical doctor to make a
diagnosis and suggest treatment. The data may also be useful
for self-health care and counseling in medical institutions.
Thus far, many behavioral monitoring systems have been
developed (e.g., [3] and [4]). However, in the case of a sudden
illness or an emergency, it is difficult to immediately install
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Leaked radio wave

Sensor circuit

Sending unit

PIC microprocessor
Radio module

Receive unit

PIC microprocessor
Radio module

Fig. 2. Sensor circuit.

Fig. 3. Processor board (transmitter/
receiver unit).

most of the conventional systems in residences. This is
because wiring is required to connect many physical sensors,
such as drawer sensors and movement sensors, with a
computer that records their status. Moreover, engineering
expertise is required for precise positioning of the sensors
during installation. The design of both the monitoring system
and the sensor must be improved in order to facilitate easy
installation and disassembly.

In this study, a wireless behavioral monitoring system and
a sensor for it are developed. The system can be installed by
individuals in their residences.

1I. APPARATUS

A. System Structure

The system is composed of a sensor, data transmitter with a
radio frequency (RF) module, and receiver. The data
transmitter and receiver are composed of a PIC
microprocessor and a low-power radio module. Fig. 1 shows
the block diagram of the system, and Figs. 2 and 3 show
prototypes of the sensor circuit board and data
transmitter/receiver circuit board, respectively. The sensor
circuit is equipped with an electric field sensor for monitoring

T. Tamura is with the Faculty of Engineering, Chiba University, Japan.
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the usage of domestic appliances. The microprocessor
samples the analog output of the sensor. The obtained data
are then transmitted to a receiver unit through the radio
module. The PIC microprocessor in the wireless data receiver
transmits the received data, which are the sampled outputs of
the sensor, to a personal computer through an RS232C
communication port. The personal computer records the
sensor output as behavioral data.

B. Sensor Circuit for Television Set [5]

Most of the modern domestic appliances are based on
electromagnetic phenomena. Therefore, the observation of
electromagnetic waves may be useful for monitoring the
usage of domestic appliances. In this study, we focus on
monitoring the usage of a conventional television set.

A moving picture can be transmitted or displayed on the
television in different formats. Table 1 shows the number of
scanning lines, frame rate, and horizontal scanning frequency
of each format. Although the number of scanning lines and
frame rate of each format are different, the horizontal
scanning frequency is almost the same (approximately 15.7
kHz). Moreover, scanning in a conventional television set
that comprises a cathode ray tube (CRT) is achieved by
driving an electromagnet near the electron gun in the CRT.
Therefore, by monitoring the frequency of electromagnetic
(radio) waves, information on the usage of the television set
can be obtained.

Fig. 4 shows the circuit diagram of the television sensor
developed in this study. After the extraction of the 15.7-kHz
component in the resonator, the “signal” is amplified and
rectified. Fig. 5 shows the arrangement of the prototype
sensor unit on the television set.

C. Processor Unit

A wireless data transmitter and the receiver are composed
of the PIC microprocessor and a low-power radio data
communication module. Table 2 lists the specifications of the
unit. The PIC microprocessor samples the analog output of
the sensor circuit at a sampling resolution of 8 bits. It can also
distinguish between the on and off states of the television set
by evaluating the voltage level of the sensor output. The
digitized value is then converted into a 16-bit data packet by
Manchester coding and transmitted to the receiver unit
through the radio module. A flag synchronization method is
employed for radio communication. Fig. 6 shows the packet
configuration for the radio communication. Two types of
packets are used: negotiation and data packets. The
negotiation packet is composed of the flag and status bits; it is
used to determine the status of each unit. The data packet is
composed of the packet number and data bits in addition to
the negotiation packet.

Fig. 7 shows the flow chart of the communication process.
It is based on the handshake protocol. First, the data
transmitter (sender unit) transmits a negotiation packet to the
receiver in order to determine the status of the receiver unit.
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TABLE | VERTICAL RESOLUTION AND HORIZONTAL SCANNING
FREQUENCY OF DIFFERENT TELEVISION FORMATS

Horizontal
Format  Scanning lines Frame rate (Hz) scanning
(frame, field) (frame, field) frequency (kHz)
NTSC  525,262.5 30, 60 15.750
PAL 625,312.5 25,50 15.625
SECAM 625,312.5 25,50 15.625

Resonator ~ Amplifier

Fig. 5. Arrangement of television sensor.

TABLE Il SPECIFICATIONS OF RF UNIT

Rectifier
Fig. 4. Circuit diagram of television sensor.

Prototype
sensor

Item

Specification

MiCroprocessor
processor clock
radio module
radio frequency
radio antenna

modulation

transfer rate

unit weight

PIC16F876 (Microchip Technology Inc.)

3.58 MHz

CDC-TR02B (Design Circuit Inc.)
315 MHz

RH3 (120-900 MHz, Diamond)

amplitude shift keying

(Manchester coding)

115.2 kbps

~250 g

size (H x W x D) 100 x 65 x 35 mm (antenna excluded)

FLAG
16bit

STATUS
16bit

(a) Negotiation Packet

FLAG
16bit

STATUS

16bit

Packet Number
16bit

Data
16bit

(b) Daia Packet
Fig. 6. Packet configuration.




When the receiver responds with an ACK signal, the
transmitter unit transmits a data packet. This packet is
retransmitted until a DataAck packet is received. The process
including the sampling of the sensor output is repeated at
intervals of 1 s.

The receiver unit is connected to a personal computer via
the RS232C interface. The unit transmits the received data to
the computer that stores it for further evaluation.

III. EXPERIMENTS

A. Practicability of Sensor Unit

To confirm the behavior of the proposed sensor circuit, we
observed the obtained raw signal (leaked radio waves from
the television set) and the processed output (resonance,
amplification, and rectification). These signals were recorded
using a 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.

B. Evaluation of Low-power Radio Data Communication

The reliability of a wireless communication system is less
than that of a wired system. Therefore, we performed a simple
evaluation test for data transmission. Null data packets (Fig.
6(b)) were transmitted 1000 times from the sender unit. The
receiver evaluated the authenticity of the packet in order to
estimate the packet error rate. The handshake protocol was
not used in this experiment. In order to determine the
efficiency and wireless communication range, the evaluation
was carried out 5 times for each distance between the sender
and the receiver unit.

C. Data Comparison Test

A data comparison test was performed for verifying the
function of the system developed in this study. The stored
data (in the personal computer) was compared with the raw
sensor output. In this experiment, the sensor unit was attached
to the television set. The raw sensor output was measured
with the digital oscilloscope (TDS210). The television set
was switched on and off arbitrarily. The sensor output was
also sampled and transmitted to the personal computer. The
sampling resolution of the microprocessor was 8 bits and the
sampling frequency was 1 Hz.

IV. RESULTS AND DiSCUSSION

Fig. 8 shows the result obtained when the television set was
switched off. Fig. 8(a) shows the signal received by the
antenna of the sensor circuit. The very small component of
the power-line frequency of commercial electric power
systems can be observed in any part of the residence;
however, the gain of the amplifier is not high. Therefore, this
type of “noise” is ignored, and the filtered output is almost 0
V (Fig. 8(b)).

Fig. 9 shows the signals at each point of the sensor circuit

Sending Side

. Request to Link

Receiving Side

Valtugs [V]
Voltage [V]

L 50 0 13 00 &0 o At e 15 20 280
Time [ps] Time [ps]
(a) Input waveform (b) Output waveform

Fig. 8. Input and output waveforms (television off).
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Fig. 9. Input and output waveforms (television on).
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Fig. 10. Television on/off test.

when the television set is switched on. Fig. 9(a) shows the
leaked radio waves that are received. The signal mainly
comprises pulses of 15.7 kHz. Fig. 9(b) shows the filtered
output. When the television set is switched on, the sensor
output is almost 1 V.

Fig. 10 shows the result of the television on/off test. Based
on this result, we can estimate the duration of the usage of the
television set. Thus, the sensor unit is suitable for practical

. use.

Fig. 11 shows a screen shot of the data storage software
developed in this study. This software has been developed
using Microsoft Visual Basic 6.0. The received data are
displayed on the screen along with the time of reception and
recorded on the hard disk.
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Fig. 12 shows the packet error rate. It is very small (~0.5%) ;
even when the distance is 600 cm. This distance is T i ocoots P
appropriate for Japanese residences; however, the
communication range should be investigated in order to
evaluate the performance.

Fig. 13 compares the sensor output with the received RF
data. Fig. 13(a) and (b) shows the raw sensor output recorded
by the oscilloscope and the stored data, respectively. We have Fig. 11. Application developed for windows.
confirmed that the waveforms are almost the same. The PIC
microprocessor connected to the sensor circuit samples the

7 150522 0
E'ZKGNQIN 150522 003

raw output with a resolution of 8 bits and a reference voltage 9 10
of 5 V; the voltage resolution becomes approximately 0.02 V. g 8
Since the proposed sensor circuit outputs almost 1 V when an % 6
appliance is in use, this voltage resolution is rather £
appropriate for sampling the output. =
In this study, the sampling frequency of the sensor output is 2 :
set to 1 Hz. However, since we have not introduced time £ 0 N —

. . . . 0 100 200 300 400 500 600 700
management systems in the unit, the actual sampling time distance[cm]

may vary. This problem should be solved in the future. Fig. 12. Packet error rate of data communication.
V. CONCLUSION
50
In this study, we proposed a wireless behavioral
monitoring system equipped with an electric field sensor. A R I
simple evaluation test revealed the practicability of the S S
system. This system can be easily installed in residences by V) S
individuals since it does not require any engineering expertise. I
Moreover, it can be used in existing residences without f ] f
.. . . . o
requiring any reconstruction or new appliances with ° il 2 3 10
. . ~ . Timefsee]
monitoring functions. (a) Sensor output
50
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Abstract

In this study, we attempted to develop a step-estimation algorithms to improve the accuracy of the

accelerometer-type pedometer for elderly people. The waist acceleration signal during walking was recorded from
116 eldery subjects. After three bandpass filters (0.5-10.Hz, 1.0-1.5Hz, 1.5-2.0Hz) were applied to the acceleration,
a step-cycle related signal was selected from the outputs of those filters. To estimate the number of steps by the
step-cycle signal, optimal threshold level of the signal was determined by using 42 elderly data set. As a result of
algorithm verification by 74 elderly data set, 62 subjects (83.7%) could be estimated with less than 10% error.
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Abstract: Recently, it has been shown that behavioral information is effective in maintaining and
improving the quality of life. Many behavioral monitoring systems have been developed thus far.
However, most systems consist of many types of physical sensors that require precise positioning;
further, wiring is required to connect these sensors to a computer that stores the sensor status.
Therefore, most of these systems are installed when a house is being newly built or reconstructed. For
the elderly who live alone, sometimes such systems are required to be installed in their houses in case
of sudden ilinesses or emergencies. Therefore, such systems should be easy to install and remove.
This study describes a wireless behavioral monitoring system that can be easily installed in ordinary
houses. In this study, we focused on the usage statistics of home appliances as detection devices. The
sensor unit developed in this study employs an electromagnetic field sensor and a wireless data
communication module. This sensor detects whether a home appliance is in use and transmits the
obtained data via the radio module. The usage detection of home appliances is performed by
measuring the electromagnetic field that can be observed in the area near the appliance. Simple
evaluation tests revealed the applicability of the system.

Keywords: behavioral monitoring, wireless, home appliance, electromagnetic field sensor.
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Table 1. Specification of the sensor unit.

ltem Specification

Microprocessor

Processor clock 10 MHz

PIC16F876 (Microchip Technology inc.)

Radio module CDC-TRO2B (Design Circuit, inc.)

Radio frequency 315 MHz

Radio antenna RH3 (120~900 MHz, Diamond)

Medulation Amplitude Shift Keying

Transfer rate 115.2 kbps

Unit weight ~250 g (battery included)

Size (HWD) 150 x 100 x 40 mm (antenna excluded)
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Fig. 1. Sensor unit.
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Fig. 2. Packet structure. All segments except the start flag
are Manchester-coded before the transmission.
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Table 2. Definitions of conventional color television
formats. '

Format Scan. line Frame rate  Horizontal scan.
N (lines/frame)  fy (Hz) freq. fi (kHz)
NTSC 525 29.97 15.734
PAL 625 25 15.625
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Fig. 4. Data communication range of the wireless system
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Fig. 7. Experimental result of installing the proposed system in an ordinary house.
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