Air mattress
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M Healthcare Mat iR

wtenemea P wmroeuRrhent RO | @ Unconstrained, Non-invasive and
AN PEEREAO T EPARES Ly unconscious measurements
@ Heart rate, Breathing, toss & turn
@ Mcasurcment by the pressure sensor
*under the mat, sheets
*very thin, flexible
@ Long time series data

~ R ]
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Measurements

@ Pulse rate
@ Breathing
@ Snoring

@ Toss and turn

Non-restraining Monitoring mat Data osk971211

12Hr data

1 minute datg

Pulse rate

snore

Body tum

movement

Pedometer

» Two-axes accelerometers
* Estimated energy consumption

" According to your you've been
outfor mot e than milk and cookies

Transmission rate and data size

por 1s per 3s per 3min

wireless LAN |1 1Mbps 1.4 Mbyte 40M 240M
1EEE802.11b
IEEE 15.4 250K 30kB 90K 5.4M

115K 14kB 42K 2.5M
Echonet -
Ir remote 2400 i 3008 900 54K

750 9B 300 18K

continous 1 min
interval

intermittent 1 day
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To realize our system

Standardizations for Healthcare Data Communication protocol

)

Data/Servigce Home Ailc:\hhrm-c
Center Gateway instruments
data communication Serial llh;ll'fm
protocol V0.1 protocol VIO

JAHIS: Japanese Association of Healthsare Iulauuho« Syumn Tadustry
NEDO: New Energy and Industrial Technok

Proposal of Standard Protocol for Health Equipment
 Basic Configuration |

The healthcare application
collects the measurement data
from each health equipment,
and provides the data transfer
application to the data center
and UPnP applications with
services.

llulmhq pmnt B
Application Protacel |

Extend to the Home Network

Services are extended by
ing home app
and sensors by the same -

wireless communication af l’erwuul "I‘ﬂlh Infarmalwu &
daksrigac | Communication Protocal
ealt] + heaksh dota by
\’linsht‘mdlh:
@27y prokeston by pewind
. whodkshen
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i i
! |
| 1
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Summary Protocol Stacks

Equipment l Healthcare Disgnecie snd |

Achilce.
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Protocol O8ta Center Dota Center

Transport/ Transport/ Transport / Transport /

Nerwork Neewerk
Dota Link / Data Link / Data Link / Deta Lk /
oty
{ pidaiaca | L J

%

Data Center
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Gatgﬂ y
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Data View on web page for the subjects
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Home Healthcare System Field Test

Non supervised model

Muwﬁdelypeople
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Introduction of several outcomes in our field test
controllability and Observability

Body Weight data trough a day

ke ID:0sk971211 240 sample

61.5
61
60.5
60
59.5
59
58.5
58
57.5
57 8

56.5 ot

!

- Body Woix.h;.

‘Time stamp is essential.

12:00 AM  4:48 AM 9:36 AM 2:24 PM T12PM 1200 AM 4:48 AM

the strategy for the prevention of chronic disease

From casc finding to timely intervention with low cost

Medical care Institution
Intervention Methods (physician,paramedical ) Core Technology

Fax.E-mail,Video- Health Promotion facility

Sccured network

mail User ( patients, client ) technology

Web Technology Refinement user

interface

Joint Medical Information

Develop time series analysis for health dat:

Promote supervised remote monitoring ‘and

intervention
Medical Information in Hosp. LT Subjects lifec : at home
Mctical chckoun Tak Self control : Exercise,diet.Mental
at Job pl:cc o easy to access, easy to measure

Summary Il

1 ) From risk finding to preventing in early stage

In Japan the medical check-up has been done once a year by laws. That
check-up can occasionally catch the changing of metabolism,arterinsclerosis and
so on.

Daily check of healthcare data has the potential to cateh the changing timely
and to intervene more earlier stage and more effectively. Because diseases acts
different actions against the interventions for each patient, So early intervention
is more important than casc finding.

2 ) Daily Multi-parameters can give good interventions.

In our case,we could catch daily lifestyle data(3D-accelarometor) , bodyweight,

B.P.sleeping data,exercise data, precisely. Thus, we could change the
intervention cycle according to the subject and change the instruction
parameters. Through those trial we can intervene more precisely and timely.

Further studies

* EBM evidences based medicine
e EBH evidenced based health

~ Criterion: walking steps we really need 10.000steps per
day?

- Hopefully decline the total medical expenses and health
insurance cost

¢ Unawareness monitors
~ Fully automatic monitor
~ Mobile nurse
 One or two monitoring items

Co-researchers

Sekine M, Kawada T (Chiba University)

Nambu, M, Masuda,Y (Nils)

» Kawarada A, Tsukada T, Sasaki K (Toyama

Univ.)

Yamakoshi K(Kanazawa Unive)

» Sekimoto M, Higshi Y, Fujimoto T
(Fujimoto Hyasuzu Hospital)

o Watsuji T, Mizukura I (NEDO project)

Thank you very much for your attention.
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278 Toward a Human-Friendly Assistive Environment
D. Zhang and M. Mokhtari (Eds.)
I0S Press, 2004

Application of Mobile Phone Technology
in the Elderly — A Simple Telecare
System for Home Rehabilitation

Toshiyo TAMURA, Yasushi MASUDA*, Mitsuyoshi SEKIMOTO**, Yuji HIGASHI** and
Toshiro FUMOTO **
Department of Biomedical Engineering, Chiba University
*Nara Institute of Science and Technology *
Fujimoto Hayasuzu Hospital

Abstract: This study examined the use of mobile phone for home health care and
described an alternative telemedicine framework. The framework aims to transmit small
but sufficient amounts of data for daily monitoring of residential subjects’ basic health
status. We tested the remote monitoring of heart rate and respiration. The system was
tested in real home-visit rehabilitation environments and was found to be useful both for
the therapist and the patients in planning and evaluating daily rehabilitation training.

1 Introduction

Advances in Information Technology and Telecommunications (ITT) have played a catalytic role
in recent developments within the field of Assistive (Rehabilitation) Technology, facilitating the
introduction of new products and services. The importance of ITT to elderly people cannot be
over-stated. As well as everything else that a personal computer (PC) user takes for granted in this
electronic age (communications and health information through the internet, smart houses and other
applications.), a elderly person must also handle the PC as an ordinary telephone or mobile phone.
To avoid a complex handling of PC resulted in very restricted access to today's services and
facilities, we have been developed a tele-health care for home rehabilitation without PC.

2. Methods
2.1 System configuration
The system consists of a monitoring system in the home and a viewer system for the therapist. A
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TCP/IP network using various physical communication infrastructures connects the sub-systems
(Fig.1).

The home-side system consists of an air-filled mat, a sensory and analysis unit, and a bridge unit
that handles connections. When a subject lies on the mat, the mat senses pressure from the subject’s
respiration or heartbeat. The analysis unit (Bio-Sensor Node BN-6, Yokogawa Electric Corp.)
continuously monitors pressure perturbations with a pressure sensor and estimates rates for
predefined timeframes. Estimates are stored in a built-in web server system in HTML format,
accessible via an integrated Ethernet interface. The analysis unit originally constructed a direct
connection between household products, air-filled mat with amplifier in our case and Internet.
However, we need another converter to transfer data to the currently available communication tool
such as a mobile phone. An embedded microserver unit (OpenBlockSS, Plat Home Inc.) serves as
the bridge unit. Since the unit is integrated in a fanless microcomputer module, it conforms to the
silence requirement. A mobile phone modem (MobileDP 2496P, NTT DoCoMo Corp.) connects the
bridge unit and a mobile phone (Fig.2a). ‘

o Communication %,
Analytical data . ’
(hear and respiratory rates

Figure 1 System configuration

Therapists would access the home-side sensor node to browse a subject’s status and could
quickly check various patients shown in Fig.2(b). To track or record long-term transitions in health
status, the system would have to store and arrange acquired information. In addition, if signs of
emergency arise, the hospital side would have to contact the home side immediately. Since
therapists do not necessarily have expert computer knowledge, the viewer system should have a
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simple interface that does not require special knowledge for setup, browsing, or reporting.

We therefore developed a viewer system using a personal digital assistant (PDA) and a mobile
telephone. PDAs have web access via popular web-browser interfaces, as well as simple text-editor
functions suitable for making reports. An infrared modem links the PDA and the mobile phone.

(a ®»

Figure 2 (a) The system in the home fro, left Bio-sensor node, micro-server, and mobile phone.
(b) The system using therapist. Form top PDA, mobile phone and connector

The connection between the sensor and the viewer system should be carefully balanced between
performance and cost. Our system requires information on estimated heart rate and respiratory rate
at several points after exercise. Such data use a few kilobytes of space at most, even when formatted
in HTML text. If formatted as HTML, on-request rather than permanent connections should be
designed. To ensure the subject’s privacy, protection of measured data is very important when
connecting the sensor and viewer terminals through a public communication infrastructure such as
the Intemnet. Thus, privileged access or encryption should protect the data. Our system limits access
to the phone number for incoming calls to the bridge unit. Additionally, password authentication is
requested when connecting.

2.2 Subject and experimental set-up
We operated the system in real patients” homes to evaluate its potential. We conducted the testing
in Miyazaki Prefecture, Japan. A therapist from Fujimoto Hayasuzu Hospital and two residential
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patients joined in the experiment. Prior to the experiment, the hospital’s ethics committee ensured
that the patients and their families had given both oral and written informed consent.

The system was placed in a briefcase for easy installation. Prior to the experiments, the therapist
was given brief instructions on system installation and use. After the brief explanation, the therapist
could install the system in five minutes.

The therapist used the PDA system to measure heart and respiratory rates under the following
three conditions:

1. At the hospital, 30-60 minutes before training,
2. At the patient’s home, at the beginning and end of the training,
3. At an outdoor location, remote from both the home and hospital, 30-60 minutes after training.

Figure 3 shows the measurement points of the
experiments. A is the hospital where the therapist
works, C and D are the patients home. On a way to a
patient home, the therapist tried to contact the
patient’s record at the point of B.

Figure 3 Measurement points

3. Results

Each operation took approximately 2 minutes, including about 40 scconds for HTTP data
transmission. Although radio wave malfunctions caused several lost connections, the system
recovered easily by reloading via the web browser, The therapist used each measurement to check
the patient’s stability. Although heart and respiratory rates increased immediately after training, the
increased rates were considered safe and the subject recovered in 30 minutes. Figure 4 shows the
results of the experiment. In a patient (case 1) who lives 30 km apart from the hospital, the heart
and respiratory rate were obtained at hospital one hour before rehabilitation training. Those were
obtained on a way to the patient home pointed at B, then before and after rehabilitation training at
patient home. After 30 min of rehabilitation training, the therapist visited next patient (case 2) and
the heart and respiratory rates were obtained both patients,

The result of case 1 indicates the higher heart and respiratory rates were observed after
rehabilitation training but those were down after 30 min. However, there is no tendency for case 2.



282 T. Tamura et al. / Application of Mobile Phone Technology in the Elderly

Figure 4. Results

4. Discussion

The system successfully obtained data on patient status. Because we simplified the system
structure so that the therapist needed only to plug in to start or stop the system, the time and cost for
instaliation and maintenance were appropriate for our needs. Patients also approved of the system’s
compact, silpnt, and non-constraining nature.
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