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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. I 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

[.  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 HTML 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.
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Fig. 1 Diagram of ECG transfer System



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.

[V.RESULT

Fig. 2 Overview of transfer the ECG
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The size of motion image was 10KByte to 20K Byte.
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.

V1. 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

I. 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 1/4\ 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

Sensor circuit

Sensor output

Packet data

75

i

(b) Schematic diagram
Fig. 1. Sensor unit
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MICroOpProcessor
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/
e

(a) Circuit board

TABLE1
SPECIFICATIONS OF SENSOR UNIT

Specification
PIC16F876 (Microchip Technology Inc.)

Ttem

Microprocessor

Processor Clock 10 MHz
Radio Module CDC-TRO02B (Design Circuit, Inc.)
Radio Frequency 315MHz

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 x 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 unabie to
receive an acknowledge (ACK) packet from the server), the
unit will retransmit, without any limitation to the number of
retransmissions.

1II. 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.

Fig.4 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.

IV. 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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Fig. 2. Circuit diagram of television sensor
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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 (1LANs), 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 fecords. Tt does ndt require the real-time ability
but does require high bandwidth for sharing 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 Heart/Respiratory Rate Sensor Accessible
to 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 system, 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 monitoring
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 them-
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

Analysis Unit

Air
Pressure

Private
TCP/IP
Network

Microserver .

Viewer

Public
Mobile-Phone i
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 medinm. 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 moni'toring system.
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Fig. 2. Patient-side system: () andilysis 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 HTMIL 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: (a) 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).

Resulfs

The proposed system was operated in practical clinical situa- T

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 available 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 intermountain 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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Fig. 4. Measurement results: fransition of (qj heart rate and (b) respiration rate.

She lives in a city area, 3 km from the hospital. Both mobile
telephone and PHS were available in the area.

Measurement

The system was placed in a briefcase for mobility and easy
installation. Before the experiments, the therapist was given
brief instructions for system installation and use. After the
instruction, the therapist was able to install the system without
help. For each subject, the system was installed 1-2 h before
the experiment. All measurements were performed by the
therapist. In each case, measurements were performed imme-
diately before and after the exercise and the intermission dur-
ing the exercise with the subject on the bed. Additionally, for
Case 1, remote measurements were performed at several time
points during the 60 min before and after an exercise session.
Each operation took approximately 2 min, including about 40 s
for HTTP data transmission. Although radiowave malfunction
caused connection loss several times, the system recovered
quickly by reloading via the Web browser. Acquired data

were stored into a text document on the PDA for each sub- .

ject. The measurement results are shown in Figure 4. In each
case, heart and respiratory rates increased immediately after
training and then recovered in 30 min to the status before the
exercise. One to three hours after the exercise, the therapist
visited subjects again to confirm their stability.

Discussion

In each case previously examined, the system successfully -

obtained data on patient status. Since the system structure
was simplified and constructed of consumer devices, it was
low cost, less than US$1,500 for a communication system,
and easy to use, a therapist only had to plug in to start or stop
the system. The time and cost of installation and maintenance
were appropriate to our needs. Patients approved of the sys-
tem’s compact, silent, and especially nonconstraining nature.

|EEE ENGINEERING IN MEDICINE AND BIOLOGY MAGAZINE

In our implementation, a personal digital cellular (PDC)
mobile telephone was employed for data transmission.
Although this medium has relatively low bandwidth (9,600
b/s), it was possible to apply it for our purpose, as we limited
the amount of data'to 50 kB. The Web-based interface made
the operations of browsing and creating reports easy to learn
for our users. :

With each measurement, the therapist, away from the bed,
was able to confirm that the individual patient had not suffered
overloading shock from the exercises. In addition, the logged
data for Case 1 showed that the patient’s status safely returned
to normal following exercise. While it is difficult to evaluate
postexercise transitions by interview, our system was able to
provide quantitative information. Such data can be used not
only for training evaluation but also for preventive medicine
and quality control of home-visit rehabilitation services
through long-term observations. Our test application for home-

“visit rehabilitation indicates the efficiency of a low-bandwidth

telemetry framework for telemedicine in home care use.

Conclusion : .

This study described a niche telemedicine framework for home
healthcare. The framework aims to transmit small but sufficient
amounts of data for daily monitoring of residential subjects’
basic health status. Using existing telecommunication infra-
structure, it reduces the costs of both development and mainte-
nance. As a proof of concept, we developed a system for

~remotely monitoring heart rate and respiration and tested it in

several practical home-visit rehabilitation cases. The proposed
system showed its usefulness for both the therapist and the
patient in planning and evaluating daily rehabilitation training.
We are planning to integrate other measurement modalities
into our framework in future development. First, blood-pressure
measurement will be tried because it is known to be useful for
understanding patients’ status, and there are several

JULY/AUGUST 2005




commercial compact and low-constraining sphygmomanometers
having data export functionality. Other possibilities are
accelerometers or pedometers for activity and oxygen
consumption for vitality.

Our telemedicine framework can contribute to preventive
medicine. To reduce medical expense, which is an urgent
issue, especially in Japan, daily healthcare service should be
improved. Low-cost monitoring devices allow the correct
transmission of health status that can be used for appropriate
rehabilitation plans for individuals as well as for developing
evidence-based medicine and healthcare.
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n this article, we describe the development of an algorithm

for a health diagnosis system for the elderly that uses

image processing. This algorithm reconstructs mono-

chrome images from data of the time a subject watches TV
and calculates the index for diagnosis of the subject’s health
condition from the entropy of the image. When this algo-
rithm was applied to the data obtained for seven months, the
result almost corresponded to the health condition of the sub-
ject. We assumed that this method can be used not only for
diagnosis of a physical condition but also for diagnosis of a
mental condition.

Several support systems of the dally life in the elderly,
using the information network, are proposed [1}- 5], and

one part has been put to practical use [6]. We also had pro- '

posed and operated, experimentally, the home healthcare
system [7], [8], which is a combined system of the informa-
tion network and biomedical sensor system. Systems such
as the one we proposed acquire biomedical data from the
elderly from which their functional health status can be ana-
lyzed. The main function of these systems is to urge the
medical doctor to give a precise diagnosis to the elderly
patient if the abnormal status is detected in the data, which
had been acquired when the subject was healthy.

Because the elderly generally have low incomes, a signifi-
cant investment to maintain the health condition of the quality
of life (QOL) is not desirable. Moreover, it is undesirable for
the running cost to be expensive because it is often
paid by public assistance. However, the running cost
is expensive in most existing systems because these
systems need the simple manual diagnosis by the
medical staff, including a medical doctor, for detect-
ing the abnormal status [9]. To solve this problem,
we propose the new algorithm, which applies the
image processing technique for the automatic detec-
tion of an abnormal status of the health condition.

Methodology

We obtained the approval of experimental protocol
from the ethics committee of Welfare Techno-
House Mizusawa, and before the experiment, writ-
ten informed consent was obtained from the subject
who participated in this study.
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An Algorithm for the
Automatic Detection
of Health Conditions

An Image Processing Technique for
Diagnosing Poor Health in the Elderly

~ We attempted to extract an index showing health condition
from the data of the system that is experimentally operated by a
cooperative subject. We assumed that the activity of the subject
would be less or the pattern of the activity would be different
from its usual condition if the subject has contracted a disease.

The system has a running monitor of electric appliances or
door switches. We browsed the frequency of the use of elec-
tric appliances (the acquired data are shown in Table 1).
Normally, there are many electric appliances and doors in
the home, even if the resident lives alone. Therefore, there
are many types of data that can be acquired. As shown in
Table 1, there were door switches for the refrigerator, the
electronic oven, and the kitchen and a running monitor of the
television. We tried to analyze the health condition of the
elderly using whole data that we acquired. However, it was
difficult, because most data have no correlation to each
other. Moreover, it is not a global method, because the num-
ber and kinds of sensors are different in each home, and the
custom of daily life is different in each subject. Therefore,
the diagnosis depends on the subjective evaluation by med-
ical staff in existing home care systems.

We tried to develop the diagnosis method using one type of
data, which was selected carefully. It is necessary that the data
for the diagnosis are common to most subjects and are capable
of showing not only the physical condition but also the mental
condition of the subject. Finally, we selected the data from the

Table 1. Sample datd of home cdre system (excerpt).
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running monitor of a television. We considered that the cus-
tom of watching television always depends on the program,
and the custom is strongly influenced by the physical and
mental condition of the subject. Figure 1 shows the data that
were acquired from the running monitor of the television for
30 consecutive days. Figure 1(a) shows the data of a month in
-which the subject did not appear to be in bad health. Figure
1(b) shows the data of a month in which the subject appeared
to be in bad health. On 26 July, which was the last day of the
experiment, the subject was diagnosed with a bad kidney func-
tion condition and was hospitalized. From Figure 1, we
assumed that the subject watched the television at roughly
fixed times if he/she was healthy.

At first, we tried to diagnose the health condmon of the sub-
ject from a change in the start time of television viewing; we
assumed that the subject watched the same program repeated-
ly. However, we confirmed the subject did not necessarily
begin watching television at the same time of day or at the
same time of week, as shown in Table 2. Then we tried to con-
vert the graph into the image and diagnose the health condi-
tion of the subject from the feature of the image.

‘We reconstructed the monochrome image from data. Every
start time for watching a TV .program was recorded to the
data. Therefore, we divided the 24 h by 15 min, and we
assumed that we could obtain a 30 x 96 pixel monochrome
image. If the starting time was recorded within a 15 min inter-
val, we set the pixel of the image to black (Figure 2).

In the image obtained from the data of the month when the
subject was healthy, there is an area in which the pixels are
concentrated. On the other hand, the pixels are distributed ran-
domly in the image obtained from the data of the month where
the subject appeared in bad health. We assumed that random-
ness of the reconstructed image increases if the rhythm of daily
life collapses and there is a bad health condition.

When randomness of the image is high, it means the
information content (entropy) is large. In other words, the
information content of the reconstructed image obtained
from the data of the month where the subject appeared in
bad health is relatively high. Therefore, the health condi-
tion of the subject can be diagnosed from the entropy of
the reconstructed image, which is obtained from- the data
of the beginning time of watching television.

Evaluation

We diagnosed the health condmon of the subject by usmg
actual data to evaluate whethe? the proposed technique was
effective. The data had been acquired in a continuous period
of 'seven months (January-July 2000). The subject was a 78-
year-old female who lived alone.
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Preprocessing
Sometimes the subject went out and was absent all day to v131t
the home of her children or to go on a short trip during the
evaluation period. In this case, the data were empty and influ-
enced the diagnosis as noise. Therefore, the data of absent
days were intentionally deleted. The data at the time when no
television program was broadcast were similarly deleted.

In addition, the subject tarned the power switch of the televi-
sion on and off frequently in the month she appeared to be in
bad health. Most of these operations would be an origin of noise

Time

Date

1 5 10 15 20 25 30
Date
(b)

Fig. 1. Start time of watching the television: the subject’s con-
dition is (@) heaithy and (b) not hedaithy.
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nal and compressed image size

(a) (b)

Fig. 2. A reconsiructed monochrome image. The black pixels
represent the start time of watching television: (o) healthy
and () not hedlthy.
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Fig. 3. Reconstructed image of (a) healthy six months
anuary-June) and (b) a nothealthy month (July).
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on the data. We sampled the data in every 15 min interval
according to the broadcasting of the television program and
reconstructed the image for diagnosis.

4
Index for Diagnosis : ’
The entropy [10] H(X) of the data X is defined by

HX)=—-) p)log(p(®)..., 1
k=1

where X = {a(1), a(2),..
the appearance of a(k).

It is necessary to convert or normalize it into the index to be
able to compare it simply and understand it easily for the prac-
tical diagnosis. In addition, we tried to obtain the index from
two-dimensional (2-D) images. Then, we assumed the ratio of
the size of the file before and after compression to be dn index
by compressing the image using the maximum entropy method
(MEM). If the entropy of the image before compression is
large, compression is not effective, and the size of the file after
the compression must be larger than that before the compres-
sion because the information for the compression is added.

.a(n)}, p(k) is the probability of

Result

The reconstructed image from the data of the subject is shown
in Figure 3. As for the data of the subject in July, by which
time she had a bad health condition, it seems to be distributed
unlike any other data of the previous six months. Reconstructed
images from the data of each month are shown in Figure 4.
Table 2 shows the size of the original images and the com-
pressed images. Only in July’s data is the file size after com-
pression larger than that of the file before compression.

In addition, to evaluate the method statistically, we obtained
the reconstructed image from each continuous two weeks. Figure
5 shows the average of the index. As the result of the t-test,
there is a significant difference between the data when the
subject is healthy and when the 'subject is not healthy (a signif-

. icant level of 5%).

Discussion

As a result of the evaluation, our index represented the health
condition of the subject according to our assumption. Especially
in the month she appeared to be in bad health, the subject
seemed to operate the switch frequently. We consider that this

~ behavior represents not only a bad physical condition but a bad

mental condition as well. In this time, the randomness of the
pattern of the activity in daily living became larger when the
subject was not healthy. We assumed that the cause of such a
result was having used the data of the television reception.
Because the TV program was broadcast at a fixed time, it was a
trigger of daily living. Therefore, the trigger would not be as
effective when the subject was in poor health. It is not certain
that our proposal method could be applied to every elderly per-
son. However, this method can be applied to the data from the
activity of daily life in the elderly. For instance, it is possible to
apply it to anything that begins at a fixed time, such as a meal.
This method will be used for the evaluation of a simple
diagnosis for the prevention of disease; the final diagnosis by a
medical doctor is necessary. Unfortunately, in Japan, public
insurance is not applied to preventive medicine at this time
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Fig. 4. Reconstructed images: (o) January, (b) February, () March, (d) April, (e) May, (® June, (@) July. The width of each
image is different because data from when the subject went out were removed, '

1.2

0.8

0.6

0.4 -

02}

5 AR S -

1.05 —
1| Subject Begins to Appear in ‘/
2 ...}, BadHealth Condition..” | .
© : e — RS
- 0.95
Q2
2 .
2 :
a 09k
£
Q
© o\
0.85 ———
0.8 BN RCART) R _'|‘ RN
1 May 1 June 1 July
Date

' Fig. 5. Average of index: (o) healthy and (b) not hedalthy..

[11]. However, we believe that the total medical expense will
decrease if public insurance is applied to-this type of home
care system in the future because the medical expenses for the
elderly will decrease.

Long-term data such as one month is needed for this system
because this system uses the character of 2-D data as an image.
We confirmed the effect of this method by discrete data each
month. However, we should also confirm whether this method is
effective for rapid changes in the health condition of the elderly.
Therefore, we set the data window at one month and acquired
the index in each data window by moving this window. The
result is shown in Figure 6. }

The abnormal condition was found at the end in June
(Figure 6). We confirmed (through a prior questionnaire
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Fig. 6. The continuous change of the compression rate,

investigation) that the subject appeared to be in bad health
after a short trip in the middle of June, and the result repre-
sents this change in health condition. Therefore, we can
diagnose the daily change using the proposed method. -

Conclusion

‘We proposed a new algorithm for diagnosing the health condi-
tion of elderly persons living alone. As a result of the evalua-
tion, we consider this algorithm to be effective according to the
subject. In addition, this method was economical because the

algorithm needed only simple data acquired from simple sensors.’

In the future, an avtomatic diagnosis' will be available using this
algorithm. Finally, total medical expenses will be reduced if this
system is practical. '
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Health care for the elderly-monitoring,prevention and care of diseases.
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Abstract

With the aging of society, the improving the quality of life is an important for the elderly
population. In this paper we summarized three systems such as human behavior monitor,
telemedicine and telecare. Human behavior was monitored as a mean to promote health care
during daily life. Telemedicine and telecare included mobile phone technology were presented.
The mobile technology applied to dermatological studies and home-rehabilitation
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