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Easily Installable Sensor Unit
based on
Measuring Radio Wave Leakage from
Home Appliances
for Behavioural Monitoring

Sosuke TSUKAMOTO, Yoshinori AKABANE, Noriyuki KAMEDA
Hiroshi HOSHINO and Toshiyo TAMURA*

Tokyo Denki University, Japan
* Chiba University, Japan

@ Method

1§
Ad hoc wireless system , Electric field strength meter

+ Wiring is not required « Detects usage of appliances
« Installation time 1n be « Usable by §linply attaching
shortened 4 it to an appifance
Method of data transmission Sensor technology

Engineering expertise is not necessary

Specification of the sensor unit

Microprocessor

Processor Clock

100 40 mm

G Background

« Behavioural information has been shown to be
effective for maintaining and improving the QOL.
Most behavioural monitoring systems are installed
when a house is newly built or reconstructed.

For the elderly who live alone, we sometimes need to
install such systems in their houses in case of sudden

F

iliness or emergencies.

G Wireless sensor module

Block diagram of the sensor unit Prototype module

with sensor cro

G Data transmission / relay simpie type)

| {
DATA Checksumi

l StartFlag |  Unit1ID Sequence
(1 byte) (1 tyte)

L) {1 byte) Number

| byl ‘

*, Simple h; e 2lay proto<col

[ Samples output of senssor circuit at a sampling |
frequency of 0.1Hz, an«d transmits the data by radio. |
Until receiving acknowfedge (ACK) packet from D3T,
sender unit will retrans mit the packet {retransmissidn is

| imited to 20 times).

Data Storage | After receiving a data packet,
Terminal (OST) | DST stores the data an <« transmit ACK packet.

Sensor unit
(sender)

-
Sensor unit a packet that not rela yed before was received, lblher |

(oth nit will relay the packet.




G Sensor for home appliances

O General purpose sensor

Power line frequency of
commercial electric
power systems

« Power transducers
coupled transformer (coil)

« AC electric motor

* Microwave oven
Magnetron driving frequency
(Half v rectified voltage doubled

power)
et

Result | -
Communication range

» The 6.0 m of direct communication range is good enough for Japanese
traditienal home.

+ The range will not be able to expand under using weak radio system since
the output power is limited by radio regulation law.

@ Television sensor

Horizontal scanning frequency of TV format P'iC
- - so-pricessor

Block diagram of
television sensor unit

G Experiments

« Communication range (distance)
* Reliability of data transmission

2 s em

* Practicability of the system

Result Il -
elevision sensor

(a) Obtained leaked radio wave (input)
. !




Q Result Il - G Result 1 -
Television sensor General purpose sensor

(a) Obtained leaked ra&;o wave (input)

(b) onloff test for television (evaluation result)
' ¢ 0sad

O Applicable devices of Field study -
general purpose sensor Trial of behavioral monitoring

Electric fan »thod

" Humidifier : « Three sensors and one data storage terminal
were installed
« The system was installed by an untrained person

G Results G Results

hoc wireless system Electric field strength meter

]

= Data could be obtained by the = The sensor could detect usage
wireless system without any of many home appliances
trouble « It was usable by simply

+ Direct communication range attaching to the home
was about 6.0 m appliance

= Multi hop technology enables « Applicability of the sensor was
over 6.0 m communication confirmed

Sensor output [a.

S Easily installable monitoring system




Q Discussions G Conclusion

We developed a sensor unit used in a behavioral
monitoring system for ordinary houses with the
: 7 o ' objective of simple installation and removal.
- Simple installation (multi-hop network, sensor)

+ Everybody will be able to install the system without Sensor unit for detecting usage of home appliance
technical expertise which based on measuring electric field strength
was proposed.

10SS (2~3%. distance is in under 6r An experiment that utilized multi sensors showed
+ Unstable electromagnetic field that the practicability of the system.
« Number of packet retransmission was limited
Un-limit the number of packet retransmission?
+ Radio capacity will be exhausted X
« will cause the congestion @ Acknowledgement
This study was partly supported by a Grant-in-Aid for Scientific Research
(16700429) from MEXT (Ministry of Education, Culture, Sports, Science and

Technology) of Japan and Grants-in-Aid from th nistry of Health, Labour and
Welfare, National Institute for Longevity Sciences and Chiba University.
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A Smart House for
Emergencies in the Elderly

Toshiyo Tamura

Depariment of Biomedical Engineering.
Chiba University School of Engineering
tamurat@faculty.chiba-u.jp

ICOST 2006 Belfast, Northern Island UK Chiba University

L

Presentation outline

» Background
- Elderly Society
* Smart House Project
- Unawareness monitoring
— Activily monitoring
- Questionnaire in the elderly
* Home health care-new attempt
~ Lxperimental set-up
- Result

Chiba University

Japan, facing increase in aged people

with exiremely fast speed which the world never experienced

3

Population over 65 years old (%)

" Yoar |Japan |U.S. |UK
1950 |49 8.3 10.73
i 1975 |79 10.5 13.48

2000 |17:2 123 16.12
2025 |(29.) (7.7 |(243)

() Estimated Value

Populafion more than 45 Years old (%)

(

1920 1940 1960 1780 2000 2020 2040 2060
UN: World population Prospects :the 2004 Revision

*90% of them are very aclive but, medical expense increase.
* chronic diseases, especially:life-siyle related diseases

* Heart Diseases, Diabetes (In Japan Recently especially Increase)

Assistive Technology

~ Robotics

el l % .“_‘J,j;‘s;

Human Computer Interactio

!Support and l‘[l
improve the quality
of life. Network (Tele Communication)

New concept of health
monitoring at home

Unawareness monitoring
and Smart house projccts

Aim

 Generalise the preventing medicine
Reduce the health insurance cost

» Monitoring without awareness

Different from general phsyical
examination such as ECG, blood pressure
monitors, and blood test

41
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Welfare Techno-Houses in Japan

Welfare Techno House in Takaoka

f e s —
1 |} Ot e k4
ﬁ i Y
} S > A ! "
ml il
=X -v’-és}),‘. E 4 .:'“
= > -
Overview e n
Floor plan

Experimental house for continuos physiological monitoring
in the elderly

]

Sensors are attached to furniture and room so as to
detect physiological signals without subject co-
operation.

ECG during sleep

ECG and respiration monitoring by textile electrodes
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An example of the record of ECG and respiration monitoring
(Ishijima 1996)

/\/\«l
/\/\‘i

Figure 6. An exampie of recorgs MMWEOG [t

wd respication; ©). co!lp-d with the thoreck: cmamle s, (<)
and tdal volume; (d) (‘shijima).

ECG measurement

Frequency characteristics

ECG from the bathtub

HR: 08 bpm
)
M. Iuw
BW: 92k

HR: 120 bpm

TK
e bl b Ldde [T
BW.52kg y
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Body weight & urinary volume Urinary speed and volume

finish
! T.K Start of Urleation End of Urination
|
= i . Mala
£,80kg i Body weight 6419 kg T2y )
P i L 3 Urine Waight:
g al W BW: 52k o
]
) ( | i Pariod of Utination: 40 s
E ! i Surt of Usnaton  End of Urination
|
. 1
0 ; MK
‘zkg Male
= = 23yrs
= %0
] BW. 674
&%z 4% | S
g g‘ T Period of Urination: 16 &
] . I
Urinary volumtj 84g Time £ + -+ =+ 4
0
0 51s

Time

An attempt of toilet-seat blood pressure monitor

Urine volume

| Toiet seat

aramelters

Real Time Sensing

Sensors arc installed into a room.

Activity monitor ~ Pyroelectric sensor

— Magnet sensor

- Temperature sensor

— Humidity sensor

— Carbon dioxide sensor
— (CCD camera)

44



Home Electric Appliances with net work function
(Internet electric oven, Internet refrigerator, Internet
thermos)

Activity monitoring in the elderly

Health status of either father and mother
can be found by use of thermos

System set-up

e
Ly

Rt e
e
St

Daksoves 4 S

Maguet swikch v

Pt
POLF cord

20

T'he output of position sensor in lavatory

1 Ll
118811 §ERE EHI SRR 06N R

IR .
1
1

Outputs of the human detectors

Application

Pyroelectric sensor TV, Refrigerator
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Sensing system

whun "
* Activity monitored by pyroelectric sensor

¢ Tracking to the human position

« Limitation of sensor location

|'efimuepiodion). . cxlordor (wchle 1ultigns f Shaesinns L wme, oy, v, b ot
1 T4e 11240 1 000 11028 11038 o244
11097 11305 ] o0 e [
11022 1oisz 1000 1103 11042
112 io1ags T un fotAd
1o 11344 11228 toe
1oz 1345 11240 1oz
1118 12004 to12s0 [N
[IRtEY] [IRTEH) 11240
1221 113 io1242
1124 1 1% 11243
11246 11403 1124
11250 1143 11246
11282 11247

+ Operating time of magnet switch installed electric appliance
and front & back doors etc.
¢ No cross-correlation between them

30
. ON/OFF of television switch
Analysis
¢ Intermittent data et Ty
* Missingdata gt e
— Still understand the health condition of client by , o
Registered nursc (RN) St
* Data mining L T
- Histogram W dae » N - 3 ] i d.te_ - o L
— Hidden Markov Healthy month Unhealthy month
- Entropy * Same tendency in the healthy month

— Same thought of RN AI?

* Signal randomly distributed
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Daily activity monitor and
questionnaire of the elderly

¢ Off-line
Open/close the refrigerator “‘ analysis

On/off the TV switch
3 : Acceptance of
questionnaire [I the system
Setess s Residonce
o
7% 1 Residonce
168 v o @ Home (own)
i - Q Condominium
N 8% QHome rent)
B female 7\? ! 8 Condommnium (R
P 66% O Apsrtmant
W Nursing home
O 0thers
Age dstribution Health condition
& 26% :
i ase 8704 398 iBberter
®76-70 ‘@gond
080-84 B {Obad
0185 over :Dothers
4% . 274
Subjeets
n=100
Attend a hospital
Anxiety
@ Yes
8 Home call: Heath condison
O None i
Hocpitalization
BYes
@ No
BINo repiy:
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Naighborhood
195

B Everyday
@‘A 82-3 aweck
0O1-2 a woek
2
o T Aimost none

195

Regulary vicitor

Effectiveness of the davice
2 2% 224

' B Very sucure
8 Sccure ;
O Not so secure
O No reply,

54%

Communication between client and provider

@ Once & week |

2 W23 days ponod

Type of security information

@ Room
O Movement
O Posture

OOnce aday |

orE 7 03 times o day

2+ 3 hore period
Summary |

Large scale, high cost

Motivation

Difficult to get the evidence

- Data mining

- No cfficient for the physician

- No understanding of preventing medicine

Finally smart house project by METI & NEDO
has been terminated.

Only few Welfare techo-houses continue to
operate with aids of local community

What is ideal home health care
regarding to smart house?

* Simple instruction, easy installation
* Low cost
* Single purpose

— open/close the door

— client mortality hy using infrared sensor
Solution ?
* Simple wireless monitor MOTE, Zigbee etc
» Go back to the basics!

-- Use home health care appliance and compare the
handling

— Subject: Patients with Chronic discases

Home health care project
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Ideal Image for the personal healtheare in Japan

Heath Strategy n Jap an L As if your physician or nurse
is with you wherever and
» Nutrition whenever you go and tells
X you what to do when your
* Exercise condition has been changed.

* Mental health

* Metabolic syndrome
— Diabetes
— Hypertension
- High cholesterol

Invisible physician? Mobile Nurse?

Home Healthcare Project

Monitoring and data evaluation . .
Staff The Enterprise Model Project of Home Healthcare

Medicwl Doctor |

Administeative dictician | / \
Physical trainer 3

Rl SE'I’E" @) . Advanced instruments to monitor the health condition
BBy 1 ik M T ’/ U non-invasively for people concerned about their health.
'\ Tl st & e _— 2. Common communication system to integrate all
& J I s ol iy i instruments and systems using standardized network
P E— o ™ interfaces and data protocols
% a8 i ¢ s T . . . IR TrS
e roetle { g v7 i 3. Sclf check system for vital data to improve their life
pereonsNa s e Al style acquired from application and use of those
i i Daby Life . instruments.
@ i - 4. Supervised remote monitoring system to estimate the
- Bload Pressare ¥ X risk of lifestyle related diseases and to support the daily
: . : PO
" — v a s s management of health inexpensively.
o Ty 7 it |
link with the periacics
checkup datshase Al ' 1 are ol
M Healthcare Toilet
Uric sugar @ Accurate
@ Quantitative
o 4 s measurements
* Specifications . .
o ) ol “‘1 ® Unconstrained and Non-
» Sensor hydl'ogeﬂ pel'omde H202 invasive measurements

electrode with GOD membrane
* Range 0-1000 mg/dl
» Accuracy CV<10%
* Response time 70 s
+ Life time 4 month or 720times

rion Some o 29081 s S

Measurement

(D Uric sugar
@ Uric salts (Na*, K*)
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