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The assistive technology in the eiderly : A state of the art

Toshiyo Tamura

Toshiyo Tamura With the aging society, the information and communication technology as well as robotics

has been applied to the health care of the elderly, with aspects in the recent development; home health care,

monitoring daily physiological activity at home, wearable accelerometry, welfare robot. These assistive devices

may be useful to improve of the quality of life as well as the respect of life in the elderly.
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Improving personal health through the Home Healthcare Model Verification
Project in Osaka, Japan
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Abstract: We developed a new home health care
network system called the Home Healthcare Model
Verification Project in the Osaka area with the
cooperation of medical and paramedical staff trained
to intervene on behalf of clients, including those with
chronic diseases. We collected data for 6 months, and
in this paper describe a pilot study examining
intervention and the potential medical use of the data.

Keywords: chronic disease, home health care,
intervention,

I. Introduction

The Home Healthcare Model Verification
Project has developed and standardized secured network
data protocols, measurement devices, and interface
equipment for linking the devices. As a test, we installed
the system in 20 households in Osaka, totaling 80
subjects, and linked them with intervention staff at
Kansai Medical University (Osaka, Japan). An analysis
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Fig. 1. Schematic diagram of the home health care system.

Table 1. Summary of this study. Measurement time and
subjects

of the data obtained over 6 months is now under way. In
this paper, we introduce some of the major findings.

II. The Home Healthcare Model Verification System
The system is shown in Fig. 1. Each family had
a blood pressure monitor, a weight scale with a body-fat

Measurement Body  Body Physical Life Urine  Pedo
items weight pressure activity rhythms sugar meter
# of subjects 80 80 24 22 80 22
# of record

34 27 12 21 29 8
>100
> 200 9 12 10 20 19 0

monitor, a heart rate monitor, and other devices. For the
80 subjects, the physiological parameters shown in Fig.
1 were monitored from 1 February to 31 July using these
devices. Informed consent was obtained from each
individual. During the study period, medical and
paramedical staff intervened occasionally, while the data
for each subject were collected via the Internet.

. Results

The stored data for the 80 subjects consisted of
55,103 files. Data were obtained from 30% of the
subjects every 2 days and from 10% of the subjects
almost every day. The summary is shown in Table 1 .We
next discuss the results for a subject who was monitored
on a daily basis.
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A) Change in blood pressure with exercise

Figure 2 shows the time course of the blood
pressure data for a subject at risk of heart failure. The
intervention staff prescribed medicine to control the
systolic pressure from January to March. During this
time, the subject continued to walk and exercise. Figure
3 shows the estimated calorie expenditure during 30
minutes on the motion monitor and the patient’s state of
exertion for January (the constant load equaled 50% of
the aerobic threshold). Figure 4 shows the number of
steps walked each day as measured by the lifestyle
rhythm monitor. The subject walked about 5,000 steps
every day and reduced weight, as shown in Fig. 5.
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B) Body weight analysis

Figure 6 shows the difference in body weight between
morning and night for one month. The daily difference
was about 3 kg Based on the data in Fig. 6, the
intervention staff had to regulate the times of
measurement. The staff concluded that the subject
controlled his weight successfully.
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Fig. 6. Changes in body weight in the morning and at night.

C) Blood pressure

Despite the subject’s efforts, the average
systolic blood pressure gradually increased starting in
August. A detailed analysis will be conducted. Figure 6
shows the highest and lowest systolic and diastolic
pressures during each day. The data show that the
systolic pressure remained low, while the difference
between the systolic and diastolic pressures increased
gradually. Table 2 indicates that the difference occurred
in the morning. In Fig. 6 the lowest value of systolic
pressure maintained the high normal (130-139 mmHg) in
WHO standards but, the highest value of one showed
grade-3 hypertension (above 180 mmHg). The same
tendency was found another subject shown in Fig.7 .

Table 2. Average blood pressures in the morning and at night

In the morning | In the evening
# of samples 84 202
Systolic 136.8 128.1
Diastolic 68.1 61.1
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Fig. 7. Seasonal changes in Blood Pressure: at subject



D) Risk control

Figures 8 and 9 show the heart-related risks
associated with exercise. The heart rate in Fig. 8 shows it
to be 40% higher than usual during exercise. Figure 9
shows an irregular rhythm in his heartbeat. The ability of
30 min exercise in this subject increased from 4.1 to 6.2
kcal show in Fig.3 and also the body weight was reduced
at 3 kg ( 5.1% of bodyweight ratio).
As the process of prescribing exercise includes workload
as watt, the level of anaerobic threshold (AT) changed
from 28(50% of AT) to 43 watt (60% of AT) in June.
Further Figure 10 shows that average resting heart rate
before exercise is almost same as the one during sleep.

sty

Fig.8 Temporal changes in the systolic and diastolic
blood pressures
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Fig. 10 Changes in heart rate during sleep

IV. Discussion

Home health care monitoring was conducted
successfully and without great difficulty, although there
were several interventions by physicians and
paramedical staff. The data were transmitted from
private homes to a data-collation center.

The volume of stored data was huge. The types
of data differed, i.e., some were continuous functions,
and others were intermittent input values. The
intervention staff had to revise the measurement protocol
several times and this process is continuing.
Nevertheless, the staff was acutely aware that the various
types of data allowed for more precise intervention. The
number and variety of interventions interfered with the
subject’s lifestyle, and he thus sought to avoid risk by
developing his own strategies and methods in this regard.

From the results, we need to solve two
physiological phenomenons ; . the systolic pressure
changes with season and the prescription of exercise
with anaerobic threshold. The changes in systolic
pressure are sometime critical. We must be clear during
long-term monitoring of blood pressure. In addition we
changes anaerobic threshold from 50 % AT to 60 % AT
during experimental stage.

In general, heart rate in normal subject did not
change at 80% of AT level because of the heart ate
reserve. However, the patient with chronic diseases
observed large variance at 60 % of AT. Such subject, we
propose Karvonen method rather than maximum
anaerobic heart rate.

The Karvonen formula is similar to the percentage of
maximal heart rate. The difference is that the Karvonen
formula incorporates the resting heart rate. Resting heart
rate is the rate that your heart beats when at rest. The
Karvonen formula is maximum heart rate - resting heart
rate x desired intensity + resting heart rate.

Further study is needed the relationship between heart
rate and blood pressure.
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Abstract— In the home care, the data transfer using
mobile phone is very important. Especially, real-time motion
image transfer is necessary in the emergency. H However,
almost mobile phones have no ability to transfer or display the
motion image in real-time. 1 In this study, we proposed a
technique to transfer the motion image of ECG in semi-real-
time. In our proposal method, ECG signal is modified to the
motion image of animated GIF format. The motion image
could be downloaded and display every five seconds even via
narrow band communication such as mobile phone
communication, because the size of the motion image is
enough small. We achieved the motion image browsing in
anytime and anywhere for home care, using mobile phone.

Keywords—Mobile phone, ECG, animated GIF

I. INTRODUCTION

In the clinical situation of home health care, to transfer
the data is very important. Especially, simple data such as
body temperature, blood pressure, heart rate, or ECG
should transfer as soon as possible in emergency, because
these data could be acquired easily and they are effective
for rescue[1][2]. We have developed some data transfer
systems using WWW framework[3][4]. In these systems,
we adopted the PDA or the laptop computer. However,
PDA is not popular in Japan. Mobile phone is always used
in stead of PDA in Japan, because almost Japanese mobile
phone has same function of PDA. In addition, the mobile
phone has function of communication. Therefore, transfer
of medical data using mobile phone is desirable in Japan.

By the way, numerical data such as blood pressure or
body temperature can transfer by e-mail, and static image
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could be downloaded by WWW browser of mobile phone.
However, it is sometimes difficult to transfer the motion
image such as ECG, because almost mobile phone system
has no ability for real-time visual communication.
Therefore, we propose the technique to transfer the motion
image in semi-real-time.

II. METHOD

We developed a browsing system of ECG signal using
mobile phone. In Japan, there are several mobile phone
companies and several systems of browsing HTML
document on the internet are adopted. As the common
specification, static HTMIL document such as text
document and static image can be browsed by almost
mobile phones. The motion image will be able to browse by
the third generation mobile phones which adopt the CDMA
communication system. Some mobile phones adopt a
WWW browser equal with a WWW browser of PC.
However, generic type of mobile phone has no ability to
display a motion image such as mpeg or AVI format in
real-time. In addition, almost mobile phones have no ability
of multi-task processing. Therefore, to display a motion
image in real-time is difficult, except by a some mobile
phones which has abilities of video communication system.
Thus, we develop the semi-real-time motion image transfer
system. We acquire the ECG signal in every five seconds,
and then make the ECG motion image by animation GIF
format. This motion image is uploaded as soon as the ECG
signal is acquired. The latest animation of five seconds can
be browsed by pushing the reload button on the browser by
the user on the user side.

Mh.ul -
ECG motion image
N
B (e
V4 W] Al

ECG motion image

Mobile Phone Diagnosis Side

Mobile Phone System

Fig. 1 Diagram of ECG transfer System
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HI. EXPERIMENT

We made the prototype system and we had an
experiment for evaluation. We prepared the simulated ECG
signal, and input the signal to the A/D converter of data
acquisition system. The data acquisition system worked as
the data server, and acquired ECG signal was converted to
motion image of animated GIF format. The motion image
of ECG was received by mobile phone. The mobile phone
has the function to browse the animation GIF on the
browser. The implemented browsing software was the
customized for the mobile phone, and the software was
different from generic type WWW browser such as the
Internet Explorer or the Netscape. The specification of the
system is shown as follows;

A. Data Acquisition System

A-1. PC: Laptop type (Vaio of Sony Corporation)
CPU: Pentium M 735 1.6GHz
Main Memory: 1GByte
Network: FTTH connection 100Mbps (Effective
Speed 20Mbps)

A-2 A/D Converter: 12Bit A/D converter
Sampling rate: 256 Samples/s
Interface: USB1.0 Connection

B. Mobile phone System
B-1 Mobile phone: Toshiba A5504T CDMA One
Communication Speed 144kbps
B-2 Browser: Openwave Systems Inc, Mobile Browser
Ver.6.2.0.6.2 KDDI-TS27
System diagram is shown in figure 1.

C. Motion Image
C-1 Size of Image: 200x120 pixels (Black and White)
C-2 Frame rate: 1 fps
Note: The life time of cache is set to zero.

IV.RESULT

Fig. 2 Overview of transfer the ECG
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The size of motion image was 10KByte to 20KByte.
Because the communication speed was 144kbps, the motion
image could download within 2seconds. As the result of
the experiment, the browser could display the motion image
of ECG signal. The captured image is shown in figure 2.

V. DISCUSSION

Japanese situation is different from another country. The
user of the digital communication tool tends to prefer
mobile phones to PDA, because Japanese mobile phone has
several special functions. Almost mobile phone works as
high resolution digital camera, and some of them has
function to acquire the motion image of mpeg-4 format.
However, almost mobile phone has limitation of processing
and communication by ability of CPU, because most of
them were designed as not a visual capturing tool but a
telephone.

The real-time communication or real-time image transfer
is very important, especially in emergency situation.
However, the mobile phone does not have enough ability to
real-time transfer of motion image in medical field. We
consider that our proposal technique has advantages
because the implementation is easy. In comparison with the
mobile phones which have TV-phone function, proposal
technique has some disadvantage in real-time
communication. However, motion image in proposal
technique is more clear than captured mpeg-4 movie,
because almost ECG image is monochrome line image. In
the future, any motion image such as the ultrasonic image
will be able to transfer using proposal technique or similar
technique, if Macromedia Flash format or another image
compression technique are adopted.

VI. CONCLUSION

We proposed the technique to transfer the motion image
for mobile phone in semi-real-time. As the result of the
experiment for the evaluation, we confirmed the proposal
technique is effective to transfer the motion image of ECG.
Any motion image could be transferred and be displayed by
mobile phone, using this technique
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Abstract—This paper describes a sensor unit used in a
behavioral monitoring system for ordinary houses. This unit
has been developed to obtain information on the usage of
home appliances, especially, the television set. The unit is
ready for use by simply attaching it to an appliance. The
sensor is configured to measure radio waves that were leaked
from the appliance, and the unit employs a device that uses
weak radio waves for transmitting the obtained data. A simple
evaluation test to assess the applicability of the sensor unit
revealed that the system could be easily installed by clients.

Keywords—Behavioral monitoring, television

1. INTRODUCTION

Preventive medicine is one of the types of health care
for the aged. Obtaining and utilizing biomedical or behave-
ioral information appear to be effective for maintaining and
improving the quality of life {1 4]. Many behavioral moni-
toring systems have been developed so far. Most of them
are installed when a house is newly built or reconstructed.
However, for the elderly, we sometimes need to install such
systems into their houses in case of sudden illness or emer-
gency. Therefore, the system should be easy to install as
well as remove [5, 6]. In order to save time for introducing
such systems in ordinary houses, it is effective to employ a
wireless or powerline LAN for data collection. However,
the sensor units used in the system, e.g., magnetic devices
fixed on drawers around the house and electric current
detectors (for obtaining information on the usage of home
appliances), still need to be installed by an engineer.

In this study, we built an adhoc wireless behavioral
monitoring system that is technically similar to Mote [7]. In
addition, we developed a television sensor. The sensor was
designed to be usable by simply attaching it to a television
set. The unit employs a device that uses weak radio waves
for transmitting the obtained data and it detects whether
television set is in use by measuring leaked radio waves
from it. Therefore, engineering expertise is not needed to
install the unit.

II. METHODOLOGY

A. System structure

As a behavioral monitoring system, the system
developed in this study has at least one data storage
terminal (master server) and many measuring units. The
units automatically sample the outputs of the sensors and

This study was partly supported by a Grant-in-Aid for Scientific Research
(16700429) from the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) of Japan and Grants-in-Aid from the Ministry of
Health, Labour and Welfare, the National Institute for Longevity Sciences,
Chiba University.
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transmit the obtained data to the server via radio waves.
The radio network, i.e., data relay path, is automatically
constructed and 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 server, it can
attempt to send the obtained data to the slave server instead.

Fig.1 shows the circuit board and the schematic dia-
gram of the sensor unit. Table I shows the specifications of
the unit. The unit shown in Fig.1(a) has an RS232C-type
communication port so that the unit can be directly con-
nected to a personal computer (PC) (i.e., the unit can also
be a radio interface for the server). The 1/4A antenna (RH-
3) increases the reliability of radio communication more
effectively than the formerly developed pattern antenna [7].

B. Sensor circuit for the television set

The display of a television set is composed of a number
of horizontal lines (scanning lines). By displaying different
images at a certain framerate, the television displays a
moving picture. The number of scanning lines and the
frame rate of the television are defined in Table II. The
horizontal scanning frequency fy can be calculated as the
product of the number of scanning lines and the frame rate.

Leaked radio wave

(i

Sensor circuit

Sensor output

A/D port Packet data
PIC

MiCroprocessor /}
RS232C port i /7
Radio module

(a) Circuit board (b) Schematic diagram

Fig. 1. Sensor unit

TABLEI
SPECIFICATIONS OF SENSOR UNIT

ltem Specification

PIC16F876 (Microchip Technology Inc.)

Microprocessor

Processor Clock 10 MHz
Radio Module CDC-TR02B (Design Circuit, Inc.)
Radio Frequency 315 MHz

Radio Antenna RH3 (120~900 MHz, Diamond)

Modulation Amplitude Shift Keying
(Manchester Coding)

Transfer Rate 115.2 kbps

Unit Weight ~250 g

Size (Hx W » D) 100 x 65 x 35 mm (antenna is not included)




The scanning in a conventional television set comprising a
cathode ray tube (CRT) is carried out by moving an
electromagnet near the electron gun in the CRT. Therefore,
by obtaining the leaked electromagnetic (radio) wave from
the television set, the information on the usage of the
television set may be obtained.

Fig.2 shows the circuit diagram of the television sensor.
The leaked radio wave from television set is amplified, and
extracted at resonance frequency of 15.7 kHz. The
amplified signal is filtered in order to determine whether
the television set is on or off with just one sampling.

C. Experiments

To assess the applicability of the sensor developed in
this study, we conducted simple experiments; a television
on/off test and a data transmission test. The sensor unit was
placed on the television set, and the master server (wireless
data receiver) was placed ~2 m away. The output of the
sensors were automatically sampled and transmitted to the
server with a sampling frequency of 10 Hz. A simple
handshake protocol was employed in this experiment. If a
transmission error occurs, (when the sensor unit is unable to
receive an acknowledge (ACK) packet from the server), the
unit will retransmit, without any limitation to the number of
retransmissions.

III. RESULTS AND DISCUSSION

Fig.3 shows the signals at each point of the sensor
circuit. Fig.3(a) shows the leaked radio wave that is ob-
tained from the television set. The signal mainly consists of
15.75 kHz pulses. The component of 15.75 kHz is extracted
by the resonance circuit, amplified, and then rectified
(Fig.3(b) shows the result of the signal processing). Fig.3(c)
shows the filtered output of the Fig.3(b). When the tele-
vision set is in use, the sensor output increases to ~ 0.95 V.

Fig4 shows the result of the television on/off test.
During the experiment, on average, about 10
retransmissions and one data corruption occurred for each
data transmission. Since the data recorded at the master
server has several duplicate data entries from the sensor
unit, most of the retransmissions appeared to be caused by
packet loss. However, from the result, we can estimate the
duration for which the television set is used; thus, the
sensor unit is useful for practical use.

1V. CONCLUSION

In this study, we developed a sensor unit used in a
behavioral monitoring system for ordinary houses with the
objective of simple installation and removal. The television
sensor developed in this study appears to be useful for
practical use; however, investigating the cause of the data
errors remains to be studied in the future.
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