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Abstract— Scientists and engineers have had little understand-
ing of dynamics and properties of human ”everyday life” despite
its familiarity. Although in scientific fields such as quantum
theory and cosmology, standard models exist to explain and
generate most phenomena, nothing yet exists which might rep-
resent a standard model of everyday life. Recent development of
technologies for sensing physical phenomena in total space using
ubiquitous sensors, technologies for sensing worldwide social
phenomena using Internet technology, and modeling technologies
for constructing a computational system based on the large-scale
sensory and text data gained using these sensing technologies
implies that everyday life is becoming a new target of comput-
ing. This paper discusses a unique methodology for everyday
life computing with which we can develop the foundations of
computational intelligence by tightly coupling with everyday life.
In particular, this paper takes up the issue of children injury
prevention as a real problem to be tackled with computational
intelligence technology, presenting a methodology for everyday
life computing through describing some attempts at sensing and
modeling of everyday life for injury prevention and will also
outline some future prospects in this field.

I. INTRODUCTION

It is delightful to watch children as they grow. From day
to day, as their activities continue to diversify, they are a suc-
cession of surprises. Households with children enjoy talking
about the children’s growth. However, the growth of children
has less enjoyable aspects. As children develop their rate of
injury incidence increases. After a child learns to walk at age
1, the most common cause of death is, surprisingly enough, not
illness but unforeseen injuries. According to a recent report[1],
every year in the USA 5,600 children under 14 years (an
average of 15 per day) lose their life in unforeseen injuries. In
Japan, in one year, the incidence of children visiting a medical
institution due to injuries is estimated as follows:

• Under 1 year old, 1 in 4 children
• 1 - 4 years old, 1 in 3 children
• 5 - 9 years old, 1 in 3 children
It is clear that injuries are the most significant issue in child

health care. Given the decreasing birthrate and the increasing
proportion of elderly, there is a pressing need to address
this as a social issue affecting the future of nations. WHO
(World Health Organization) announces a ten-year plan of
action for children injury prevention in 2006[2], [3]. Children

injury is a real problem to be responded transdisciplinarily and
globally[4].

We need to understand that every kind of injury, not just
those injuries involving children, has three phases: 1) before
the injury occurs, 2) while the injury is occurring, and 3)
after the injury has occurred. Before the injury, we need to
consider prevention, during the injury emergency measures,
and after the injury treatment and rehabilitation. Amongst
these approaches, the most important, and certainly the most
economical, is prevention[5].

Projects researching child injury prevention are conducted in
many countries. Australia’s NISPP (National Injuries Surveil-
lance and Prevention Project)[6], the USA’s National Center
for Injury Prevention and Control[7], and the British Depart-
ment of Trade and Industry’s Home & Leisure Injuries Surveil-
lance System[8], among others, have constructed surveillance
systems to gather data on injuries, and conduct statistical
analysis etc., based on this injury data. In Japan, efforts are
starting to be made to reduce children injuries through the
”Healthy Family 21 (Sukoyaka Oyako 21)” Project[9]. How-
ever, effective injury prevention through investigating the cir-
cumstances surrounding injuries, spreading injury knowledge,
and promoting injury awareness is still far from adequate, and
the number of injuries should be reduced much more.

What can we do to prevent injuries? Modeling everyday life
behavior is the key. The number of deaths due to unforeseen
injuries can be projected by using injuries statistics. The
number of deaths caused by injuries in the last few years
has leveled off. For example, we can estimate that roughly
800 children under 14 years of age will die of injury causes
in 2006. However, in order to prevent injuries, we need to
consider these injuries not only from a macro perspective,
but also from a micro perspective. This is to say, we need to
define the circumstances at the level of the behavior that forms
the background for these injuries. Injuries are phenomena that
necessarily occur following some behavior. A proper approach
to injury prevention based on this kind of behavior modeling
would need to create a kind of perpetual loop that would:

1) Collect data on children’s everyday life activities and
injuries

2) Analyze the collected data and construct a model of
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children’s everyday life activities and the process by
which injuries occur

3) Propose injury prevention countermeasures based on this
model of activities and injuries

4) Quantitatively evaluate the efficacy of these counter-
measures and propose improvements in an ongoing and
sustainable fashion

An injury prevention loop of this nature in present cir-
cumstances might be sustained, by the barest of margins and
extremely incompletely, through human efforts alone. Data
on the unfortunately occurred injuries should be treated and
preserved so that the human race can share and utilize this as a
precious resource in the future. Despite this pressing need, this
data is being neglected, without being seriously pursued by the
fields of science, engineering, and medicine. Particularly in the
case of children’s injuries, according to children’s medicine
clinics, the causes and patterns of injury incidence tend not
to be isolated or special cases. Rather, for the great part,
the same kinds of injuries tend to repeat themselves in the
same kinds of situations. This means that, unlike large-scale
disasters occurring only in the most extreme circumstances,
the very everyday nature of these injuries is clearly a major
characteristic.

Human-centered computing technologies which makes in-
jury prevention loop more robust and meaningful can be de-
veloped by combining the following technologies: 1) everyday
life behavior sensing technologies that consist of ubiquitous
and wearable sensors to collect data on the everyday life be-
havior of children, and the Internet to collect injury case data.
2) everyday life behavior modeling technologies for extracting
causalities among injuries and the background circumstances
as reusable knowledge from the collected data. Furthermore,
3) everyday life service technologies in which injuries would
be visualized based on the causality structures thus extracted
and then made available to children’s guardians using the
Internet. If this sort of loop can be created, various services
to support the safety and security of our society are possible.
For example, information on an injury occurring somewhere
could be gathered immediately, and rapidly transmitted to
the guardians of children in similar situations, thus nipping
the same kind of injuries in the bud. Providing designers of
consumer product makers with the collected data or the created
model would contribute to manufacturing and environmental
design safe for children.

This paper will describe some attempts at sensing and
modeling of everyday life for child injury prevention to show
the possibility of a unique methodology for everyday life
computing with which we can develop the foundations of
computational intelligence by tightly coupling with everyday
life.

II. CURRENT SITUATION AND ISSUES ON MODELING
CHILDREN EVERYDAY LIFE

In the field of medicine and child care, research has already
been conducted on the behavior of children which occurs
in their everyday life spaces. For example, in the medical
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Fig. 1. Computational model of human

field, statistical data exists concerning the kinds of behavior
known to accompany children’s development[10]. In the field
of child care, knowledge has been accumulated through the
clinical observation of behavior. Also, in the architectural
field, fundamental data regarding the bodies and movement
capacities of children is starting to be gathered, in order to
further the design of environments in which injuries are less
likely to occur. However, due to the lack of tools to observe
and analyze the behavior of children occurring in the everyday
activity space, information on the diverse range of children
behavior occurring in this space has been inadequate, meaning
that knowledge gained up until this point has been difficult to
comprehend in an integrated fashion and from an everyday-
activity perspective.

On the other hand, in the fields of cognitive psychology and
developmental behaviorism, various attempts have long been
made to understand the mechanisms of the behavior of chil-
dren. For example, research is comparatively advanced con-
cerning infants’ vision, yielding useful information. Around
3 or 4 months after birth, a child becomes capable of depth
perception by using information on binocular disparity[11],
[12]. At 7 months, a child has developed not only depth
perception, but also a sense of distance to target objects by
using pictorial depth cues . This ability develops; a child
can, at the age of around 7 months, discriminate between
target objects using differences in shape, while at 11 months
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he/she can use textural differences, and at 12 months can
use color differences[13]. As far as the relationship between
visual information and infants’ grasping behavior goes, it has
been clearly shown that the frequency of infants’ reaching
activities changes, depending on distance to target object, size
of target object, movement of target object, etc[14]. However,
regardless of this kind of research, modeling has not gone
beyond very limited models of behavior and cognitive ability,
compared to the diverse range of activities occurring in a
child’s everyday activity space.

It can be seen that a large gap exists between the behavioral
phenomena currently being addressed by neurology, cognitive
psychology, and developmental behaviorism, and that knowl-
edge which has been accumulated as statistical data both
from children injuries and from clinical knowledge of child
behavior. In order to fill in this missing link, a meso-scopic
level needs to be struck; somewhere more ”micro” than the
level of injuries statistical data, but more ”macro” than the
neurological/cognitive-psychology level. In order to shift to
this middle level, the level of everyday life behavior, it is
essential to model the diverse range of children behavioral
phenomena that occurs in the everyday life space.

III. METHODOLOGY OF EVERYDAY LIFE COMPUTING

Is the creation of a model of everyday children behavior
really achievable? In order to answer this question, we would
like to briefly review the history of the last few years of human
modeling. This history can be understood from 3 perspectives:
the appearance of new observation devices, the appearance
of devices as vehicles for mapping new phenomena, and
mesoscopic phenomena which constantly exist as unknown.
For example, as Figure 1 shows, recently in the field of
brain modeling, modeling of mesoscopic phenomena between
nerve cells and brain function has greatly developed, due
to the appearance of fMRI for observing these phenomena
and the existence of computers for mapping the expression
of models. Furthermore, in recent years, the modeling of
mesoscopic phenomena between brain function and physical
function (bioengineering) is being developed, due to the ap-
pearance of robots as a means for expressing new models. This
current process marks a powerful new paradigm at present,
which might be called brain reductionism computational the-
ory (which emphasizes describing phenomena from the brain-
science level).

On the other hand, absolutely new types of observation
devices and mapping technologies are appearing. Firstly, con-
sidering the appearance of new observation devices, ubiquitous
technologies now exist which can sense total space physi-
cal phenomena, and Internet technologies now exist which
can sense worldwide social phenomena. Accompanying the
development of ubiquitous sensors and network technology,
it is becoming possible to use devices to observe human
behavioral phenomena in the everyday life space. It is also
becoming possible to use the massive databases which the
Internet represents. Considering cases such as blogging and
Wiki, etc., it is clear that despite the Internet’s lack of physical

sensors, it is possible to consider them as new sensors for
describing human activities, on a more ”macro” level, with
text-based information. With regard to mapping devices for
new phenomena, we see that computer clusters exist that
utilize massive memory and CPU power, that CG technology
can express human behavior , and that technologies now
exist to accurately model phenomena that can be difficult to
completely express using definitive methods. The emergence
of these technologies implies that the construction of models
of new mesoscopic phenomena - that is, of the phenomena of
human behavior occurring in everyday life - is now possible.

Previously, as Marr[15] has indicated , no single, simple
means to model the entire range of human behavior could be
found. Even to this day, Marr’s question - ”what constitutes
an explanation, that is, a model?” - has been an essential
and continuing problem for modeling human. Accordingly, to
tackle this issue of the creation of standard models for human,
we need to make concerted efforts to describe and model
human activity at the various levels for which observation
mechanisms exist. The problem of children injuries addressed
by this paper represents a case where the modeling children
behavior occurring in the mesoscale of everyday human ac-
tivity is essential. To model the diverse range of children
behavior, a composite approach is required to combine external
factors such as the children’s surroundings and environment,
and internal factors such as the children’s physical, cognitive
and movement capabilities and the development of these
capabilities. This approach might seem outrageous at first
glance. However, the modeling of children behavior addresses
relatively less diverse behavior than in the case of adults, and
environmental factors influencing children behavior are also
entirely local. Also, since various clues can be obtained, such
as the strong connection between age in months and children
behavior, we believe that it is now feasible to construct
a standard model of this behavior. This paper will outline
behavior modeling based on data gained from the observation
of everyday behavior using ubiquitous sensing technology, and
information on everyday injuries gathered by using Internet
technology.

IV. SENSING AND MODELING OF EVERYDAY LIFE

A. Everyday life sensing with ubiquitous sensor: Sensing
physical phenomena in total space

It is becoming even easier to construct a research space with
laboratory-level sensing functionality with the development of
cheap sensors and home PCs. We developed a sensor home for
observing everyday life behavior. The sensor home is a home
set up to resemble an everyday life space and it consists of the
rooms that an ordinary home has. The sensor home has many
kinds of ubiquitous sensors: an embedded type of sensors and
a wearable type of sensors. As for embedded sensors, we de-
veloped an ultrasonic location sensor (Ultrasonic GPS) capable
of measuring location within an error of a centimeter[16]. The
sensor home has 1,218 ultrasonic receivers and can measure
the location of objects and persons with ultrasonic transmitters.
The home also has 10 fisheye cameras and microphones. It can
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Fig. 2. Modeling and simulating everyday life behavior and injuries
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Fig. 3. Everyday life injury dababase

observe the diverse range of children activity occurring in the
everyday life space.

In order to manage a large amount of sensory data measured
by the sensor home, we developed a spatio-time-semantic
mapping system (STS map) that accumulates sensory data and
semantic data with location information, and retrieves data by
queries such as time, space, and behavior information. The
system also has a function for visualizing the retrieved data
and the result of analysis. The location data shown in A of
Fig. 2 shows an example of location data that were measured
by the Ultrasonic GPS and preserved in the STS map. So far,
we collected data from 98 children. For example, using this
kind of data, it was found that infants between 9 months and
3 years of age will take the greatest interest in target objects
at a distance of around 40 cm.

With the use of wearable sensing technology, it is now
possible to conduct sensing of everyday human behavior in
the general home environment without being limited to a
laboratory setting. The recent proliferation of low power-
consumption PCs, wireless modules, memory, sensors, etc.
means that all the elements needed to construct wearable
sensing technology are in place and that sensing of this kind
of everyday behavior can now be attempted. For example,
to acquire fundamental data regarding grasping behavior and
analysis of accidental ingestion, we developed a wearable
electromyography (EMG)[17]. This device measured grasping
data occurring in everyday activity. The EMG data depicted in
the STS map in A of Fig. 2 is an example of data measured by

the developed EMG sensor. Thus, since the EMG data were
recorded with location data of a child, the STS map system
can visualize EMG data in association with the map of the
room.

Our system made it possible to estimate grasping times with
an error rate of approximately 30%: it is possible, then, to
estimate the order of grasping times. We have little understand-
ing of everyday life of a child other than everyday grasping
behavior. For example, how many times per day is special
grasping behavior carried out? When the children acquired
such capacity? We had no way of knowing quantitative data
such as these so far. If this kind of information becomes
available, it would represent valuable fundamental data in
product development and child behavioral science. To this end,
there is a clear need for wearable sensing technology in order
to gather kinds of data difficult to acquire in the laboratory.

B. Everyday life sensing with internet: Sensing worldwide
social phenomena

One reason why research on injury prevention is difficult
lies in the fact that we cannot reproduce injury in laboratory
from the ethical viewpoint. Many social problems to be tackled
are this type. One effective approach to this type of problems
is embedding sensors to our society and collecting actually
occurred data. We cannot control conditions before observing
phenomena with this methodology. However, if we can get
a large amount of data, it is possible to control conditions
retrospectively by retrieving data.
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It is becoming possible to collect a large amount of children
injury data using Internet technology. In the near future,
hospitals will be well-suited for collecting this data. Our
research group is developing an intelligent injury surveillance
system, which collects injury case data, analyzes and models
injury mechanisms, and disseminates new findings [18], [19].
The case study data, recorded with the co-operation of medical
practitioners at the leading edge of medical treatment for
children injuries, has been collected 4,680 recorded cases. B
of Fig. 2 shows developed software for collecting injury data
at a hospital.

Figure 3 enlarges examples of collected injury cases. The
figure suggests that we can obtain information on which kinds
of objects exist in an ordinary home, and how a child interacts
with such objects as well as injury data. With a conventional
method, it is very difficult to get these kinds of information.
Thus, the injury surveillance system has possibility of giving
us breakthrough in understanding our everyday lives.

C. Everyday life sensing by hand: Constructing everyday life
object database

We also have little knowledge on how many object exists
in one home. Investigating everyday life objects is important
for developing science and technology of our everyday lives as
well as that of children injury prevention. From this viewpoint,
we are investigating the number of objects existing in one
home, the number of kinds of objects, the size and the image of
each object, the frequency of use of each object, and the place
of use of each object in every month. Currently we conducted
study for one family of two. Figure 4 shows the relationship
between objects and places that objects exist. For example, the
studied family has 1,116 kinds of objects and 4,289 objects
in total. The size of 90% of objects is less than 200 mm.
The object existence density is higher in the kitchen and the
entrance. Our group has a plan to open the everyday life object
database and share with researchers in various fields in the near
future.

D. Everyday life modeling
As a concept and a method for learning causality from

both a large amount of data and prior knowledge, a Bayesian
network (a probabilistic network model) is well known. Chil-
dren’s behavior data collected in the laboratory and injury data
collected at a hospital are most often accumulated as statistics.
Thus, this study utilizes this probabilistic framework. Using a
probabilistic framework, we can express everyday life behavior
on a computer as the result of multiple indeterminate factors,
such as the existence of objects in the child’s surroundings,
the interactions between the child and these objects, the
developmental relationship between age in months and child
behavior, etc.

Probability distributions of child injuries are not uniform.
Injuries due to similar objects tend to repeat many times.
Therefore, if we can obtain a super large amount of data,
we can estimate the risk of an object by retrieving the past
injury data. However, modeling becomes very important when

AirMac Expressice cream scoopused bottlealuminum foil whiskespresso machinekitchen shelftable clock green tea caddysake cup paper baking cupssmall paper baking cupstraygarlic presscup saucer vase
moist hand towel trayglass plate

green apple ornament

pear prnament

glass pitcher

glass tablewarecan openerkitchen timer
kitchen knife

kitchen scissors

kitchen hand soap
paper towel holder

canister

server

cooking sheet

measuring spoon

cake decoration
cake decoration

cake covercake server

cake plate

stainless steel fork
coffee cupcoffee filtercoffee pot

coffee millsmall dish

small dish

powder sieve

pedal bin

cork

server spoon

kitchen wrap

kitchen wrap

storage bags
spoon rest

rice paddle

sugar canister
sugar pot

soysauce pitcher

blue soysauce pitcher

round soysauce pitcher

bread mold

dishwashing soap

shot glass

silicon spatula

syrup spoon

rice ckooker

stainless teapot

stainless tongs

drinking straw

glass bowlspagetti measure

spatula

speaker

spoon

kitchen sponge

photo stand

washing brush

bucket

radish grater

small souffle dish

souffle dish

heat?resistant measuring cup

bamboo skewer

bamboo skewer set

cheese box

tea strainer

bamboo tea whisk

bamboo tea whisk holder

tea cup saucer

writer

dish

tea cup
tea strainer

tea towel

tea pot

dinner knife

dinner fork

table pot

desert picks

digital kitchen scale

tempra chopsticks

toaster

dripper

turkish glass

turkish saucer

garlic salt shaker

chocolate spread

cat pitcher

cat ring holder

stepladder

square Pyrex baking dishwhite porcelain scoop

pastry brush

dove chopstick rest

pasta server

small dish

wire

hand mixer

funnel

plastic gloves

food processor

book light
slotted spatula

frying panbrushplacemat

rose gift decoration

pepper mil

glass

venetian glass tray

cheese slicer

knife sharpener
knife sharpener

pocket tissure case

potato masherplastic bag stocker
mug

bullfighting magnet

strawberry magnet

pumpkin magnet

peach magnetpear magnet

plastic bags

muffin pan
small dish

small dish

draining rack
miso paddle

mitten

Moroccan tagine pan

measuring spoon set

wooden spoon

wooden spoon set

kettle
green tea cup

enamel pan

enamel pan

refrigerator

lemon squeezer

range cleaner

working shelf

wine opener

wine opener

disposable wooden chopsticks
pot stand

coaster

glass

paper cup

paper dish

plastick desert spoon

elastic

pyrex canister

miso soup bowlsalt canister

white tray

rice bowl

green tea cup

green tea cup

aluminum scourer

slicer

spoon

spatula

paper napkin

glass bowl

soap dish

scrub brush tray

olive oil bottlemag

salt mill

waste can

used bottle

caf? au lait bowlpetbottle

bamboo draining basket

bamboo draining basket

measuring cup

spoonspoon

Japanese cake pick

butter knife

forkfruit forkJapanese kitchen chopsticks

Mozart magnet

hook

clear shot glass

green tea bowl

grater

slicer
slicer

slicer

spoon

partition

small bowl
drain net

chopstick rest

chopstick rest

chopstick rest

chopstick rest

chopstick rest

chopstick rest

chopstick rest

chopstick restchopstick rest

chopstick rest
chopstick rest

chopstick rest

used bottle

noodle bowl

white bowl

deep dish

deep dish

save container

wooden pick
Japanese cake pick

Japanese cake pick case

stove burner

chopsticks rest

glass

cake stand

muffin paper baking cup

pound paper baking cup

stainless steel pastry tubes set

stainless shelp
slide table

clear shot glass

grill pan

vase

square dish

clear glass dish

photo

trash bagplastic shopping bag hook

plastic tray

cool bag

oven

wash tub

coffee measuring spoon

sugar spoon

strainer
tart stoneladle

colander

chiffon cake mold

small stainless steel mixing bowl

big stainless steel mixing bowl

mortar

desert bowl

white bowl

aluminum jelly roll pan

small plastic mixing bowl

big plastic mixing bowl

midium plastic mixing bowl

tart mold

door fook

vietnamese ladle

champagne glass

kitchen towel hanger

newspaper
thermos bottle

kitchen tool stand

measuring cup

colander

strainer

calendar

strainer

kitchen cloth

dish cloth

peeler

muller

Y peeler

plastic fork

ladle holder

glass cake pan

small aluminum jelly roll pan

big cutting board

skeppa

garbage bag

chopsticks

baking mat

bread knife

small cutting board

pyrex mixing bowl 900ml
pyrex mixing bowl 1.5L

dry hearb

tongs

saving container
rice saving container

rice saving container

kitchen sponge

food box

cake dish

square dish

small dish

pasta dish

soup plate

large plate

basket

clear vase

wine bottle

sugar tongs

bread pan

cake mold

sieve

cake pan

toothpick

square microwave container

baking soda

wine glass

milk pitcher

press filter coffee maker

salad drier

cable turtle

bracelet
projecter

cord clip

Power Mac G4 Cube

DVD/CD case

DVD?RW 10 packs

DVD?RW case

keyboard

Mac mini

mini disc

MD slim case

OA paper A4

SD card

iron

ironing board

address bookspray bottle

puppy figure

earring

pearl beads earring

stone earring

earring components

wristwatch

liquid crystal display

viking ornament

ornament

rabbit ornament

card holder

animal card holder

sea shell

account book

flower table

stamp

candle holder

craft punch

craft punchclear case A4

size bar

price tag

bag pack

beads bottle

beads bottle
bond

push pin

swarovski bead

glass pearl bead

puzzle ring

leather punch

plug

key holder

tatoo seal

zip storage bag

zip storage bags

digital camera battery charger

digital camera

digital camera case

extra small beads

price label

glass pearl bead

postcard

pazzlesmall pot

bungle

pouch

beads storage container

pincushon

envelope

envelope

envelopeenvelope

condolence money pouch

tin pot

tin tray

blizzard flower

printer

broochpendant

mouse

mouse
mouse pad

shelf

label

label sheets

wireless LAN

card holder

knag

thimble

ring

glass round beadribbon

wooden ring display

book stand

eyepin

headpin

feed water pot

chain tab

end cap

chaine tail

bead tip

round jumpring

clip

clip

double clip

mobile strap

nippergenuine gemstone bead

shell bead

telephone plug outlet

nylon wire

flat?nose pliers

plastic bead

flower bead

PC case

earring

springring clasp

DVD
pearl bead

czech bead

seed bead

watering can

clothes hanger

poster
loundry hanger

swarovski bead

cross earring

flower earring

heart earring

cross earring

longnose pliers

amethyst bead

pendant head

pearl bead

pearl bead

rhinestone  ball
round?nose pliers

ring mounting
plastic bicon bead

shallow bowl

bowl saucer

puzzle ring

puzzle ring
puzzle ring

puzzle ringdrop bead

powe plug

round bead

sketchbook

humidifier

stamp
stamp sheet

fruit stamp

clear file

aqeous acrylic vanish

pineapple wood case

floor light
tv stand

marking pin

software

nylon string

wire tray

ikat hanger

PC

center cloth

basket with leather

blu?ray disc

packing craft tape

dog ornament

Music CDDVD?RW

charcoalPP band

message carddigital camera

digital single?lens reflex camera

digital camera

cushion

small floor lamp

message card envelop

pouch

pouch
seal

tripod

letter set

white envelop
postcard

lampalbumpareo

file boxfuton mattress

mattress

comforter

closet rack
square basket

beads kitshoes keeper
paper shredder

scanner

long necklace

portable drivesmall torso
desk calendar

stained glassspraydropper
canddlecable tie

crimp tube

power strip

floor grates
white cubic zirconiatriangle bead

czech seed beadleather cordshopping bag
speakercut beadbugle bead

bugle bead
chest

laundry polepocket tissuepocket tissue caseamplifier amplifier remote controllerspeakerDVD recorder DVD recorder remort controllerPlayStation2oil?blotting facial paperoil?blotting facial paper clear casecastle ornamentessential oilincense
incense holder

frog incense holder
sheep pillowfrog ash traycushionmobile phonecenter speaker

center tablesofa
tealight

tealight 6pcs

telephone

bowl
Hi?Vision recorder

Hi?Vision recorder remort controller

block memomini lighter

mini lighter
blanketlip cream

button

vase

doll

owl ornament

palm scissors

needle threader

craft measure

elastic cord

cotton stringneedle

extra leadsewing machine thread
small scissors

small cutter

cuttertape measure

iPod shufflecirculator

cat ornament

clip light

orchid

turtle paper weight
fish paper weight

paper weight

headlight

PlayStation controller

wall clock

safety pin
safety pin

button

button

button

button

button

button

rice cake ornament

Santa Clause ornament

castle ornament

room drier

room drierseam ripper

safety pin

safety pin

safety pin

seal

seal

incense

chandelier lump

ink pad

scissors
benzine

ball?point penaroma pot

passometer

oil fan heater

magazine

temperature indicator
oil fan heater remort controller

snow stamp

television

seal case

bulb

correction pentelephone book

powder canddle

hand?towel

handkerchief

brown candle tray

aroma candlepurse

coin purse

calculator

tape dispenser

headphone
small dog house

air conditioner remort controller

camera tripod caseorchid

PS2 memory card

hina doll

bar for projection screen

audio rack

MD remote controller

air conditioner

sping?tensioned poleextension hanger

modem

woofer
empress doll

emperor doll

manual wall projection screen
manual wall projection screen

house plant

telephon book

shandelier lamp package

mechanical pencil
ballpoint penextra fine permanent marker pen

permanent marker pen

CD marker

ink brush pen

business card case

planter stand
USB flash drive

eye drops

free magazine

CD deck

MD deck

small hand mirror

lip glos

lip brush

lip rouge

makeup pouch

earpicksunglasses
sunglasses case

cloth

tote bag

toe separator

manicure
tatoo kit

brown basket

eyebrow scissors

hand cream

deodorant spray

deodorant spray

waterproof  mascara

mascara base

face brush

cheek brush

eye make?up remover

essence

manicure base coat

manicure top coat

essence

lotion

lotion

emultion

lotion

sun block

cotton

cotton applicator case

alarm clock

pot cover

hair pin

makeup sponge

lip stick

lip stick
lip stick

lip stick

lip stick

sewing set

nail clipper

foundation cream

powdery foudation

compact mirror

pressed powder

makeup sponge case

eyelash curler

emely board

razor

pill casenail seal

stain remover

eyeblow

eya shadow

cheek

eye shadow
pencil sharpener

shampoo

rinse

gritter ball

cleansing milk

liquid?type foundation

UV cut milk

nail polish remover
manicure

manicure

manicure top & base coat

manicure

tweezers

tweezers

foundation

cheek

mascara base

foundation

manicure

manicure

manicure
manicuremascara

dressing table

cotton case

door stopper
eyelash curler

hair band

folding fan

folding fan

folding fan case

etiquette brush

folding umbrella

glasses case

ring box

scrunchyfolding shopping bag

hair clip

wig

crape wrapper

dispray frame

pearl hair pinpearl flower hair pin

drainage net

light blue gift pouch

accessory case

loose powder

eye shadow

lip pencil

electric razor

lipstick blotting paper

cosmetics sample liquid?type foundation
cosmetics sample cleanging

cosmetics sample milk

cosmetics sample milk

cosmetics sample essence

compact mirror

turquoise barrette

manicure

manicure

manicure

cosmetics sample cleanging

sample eau de toillete

nail file

straw handbag

brown straw handbag

shoulder bag

tote bag

blue handbag

make blush holder

bedroom air?conditioner remort controller

bedroom air?conditioner

bed pad

comforter

makeup spatula

single sheet

bed

pillow

barretter

hair accesorrieshair clip

hair elastic

hair pin

flower hair pin

hair wax
basket

clothespin

cotton swab

washing pole hanger

contact lens case

acrylic tissue box

shower rack

towel

toothbrush

toothbrush package

eau de toilette

frog massager

loundry basket

body milk

shampoo refilsoap set

eau de toilette

eau de toilette

eau de toilette

eau de toilette

laundry soap

softener

bathroom cleaner

kitchen bleach

wahing bleach

cream cleanser

mildew cleaner

laundry soap

toilet?bowl cleaner
hair spray

hair styling mousse

hair cream

drain sheet

softener refil

eau de toilette

pipe gel detergent

face?wash

contact lens cleaner

body soap

eau de toilette

eau de toilette

kitchen bleach

kitchen cream cleanser

protein remover

shampoo

face?wash

toilet?bowl bleach
body scrub

creanging milk

soap

hair drier
eau de toilette

eau de toilette

bath oil

glass cleanermildew cleaner

toothbrush

cotton swab case

vanity mirror 5X

stuffed dog

hair treatment

shaver
hair brush

hand soap
dental rinse

bath chair

basin

washing mashine

soap

bath mat

eau de toillete

fragrance
clockPP drawer case

toothpaste

mid detergent

gargle

makeup sponge cleaner

dental floss

tooth brush stand

big hair clip

key holder

rust prevention oil

cross slot screwdriver

shoe polish

shoe polish
dew condensation inhibitor

pot clip

umbrella

insecticide

spreading agent

insecticide

insecticide

insecticide

disinfectant

insecticide

disinfectant

disinfectant

liquid fertilizer

plastic pot

packing plastic tape

bowl bottom net

bric

x'mas tree

crock

heart basket

kerosene can

straight slot screwdriverlineman's pliers

pot hangershoehorn

pot

floor protection

parcel tape
shoe cream

waterproof spray

hexagonal driver

nipperhammer

stapler

screw auger steering wheel
cross screwdriver

small cross screwdriver

saw

saw

insulating tape

quick drying bond

thin nose slip joint plier

command adhsive poster strips

resistor

wire clips

screw auger
nailhexagonal wrench set

hexagonal wrench

spanner

glue

hook

small hook

floor adjuster

floor protection adjuster

shelf part

pin hook

tunning pegstaples

shoes deodorant spray

flooring cleaner

flooring cleaner refil

flooring cleaner

adhesion cleaner refil

adhesion cleaner

business bag

box tissue

tool box
broom and dustpanliquid manure

liquid manure

liquid manure
bog mosschemical fertilizer

insecticide

chemical fertilizer

vacuum cleaner

kitchen towel
epoxy adhesive packageepoxy adhesive

epoxy adhesive

stick

soil scoop

blue bucket

twist modular cable

slippers

plastic plant labelsoil sievehand truck

water supplyplasctic pot saucersoil

bamboo tweezers

unglazed bowl

unglazed bowl

unglazed bowl

unglazed bowl
unglazed bowl

gardening scop

sled ornament
heart wall hanging

curtain rail magnet ranner

curtain rail magnet ranner
crystal ornament

dogs ornament

christmas ornament

christmas ornament

christmas ornament

christmas ornament

candle ornament
wreath ornament

cake decoration

christmas ornament

christmas ornament

racket

gardening scissors
christmas ornament

christmas ornament

christmas ornament hook

christmas ornament hook package
white planter

brown planter

brown planter saucer

terra?cotta pot footpalm rope

plant nutrient

plant growth regulator
natural pesticidechristmas ornament
hanging pot

hanging pot

iPod

vase

Chinese herbal medicine

Chinese herbal medicine

Chinese herbal medicine (tablet)

eraser

anti?inflammatory analgesic plasteranti?inflammatory analgesic plaster

anti?inflammatory analgesic plaster

stick glue

scotch tape

A size C battery
A size AA battery

A size AAA battery
maskmask

7?hole punchdisposable body warmer

band?aid

band?aid
hand cream

propolis package

propolis

paper knife

penlight
magic marker

disinfectant
wireless routerbusiness card paper
tape measurerule

anti?inflammatory analgesic plaster
lithium battery

recipe book

dinning chair

dinning table gauzedirect mail

latin chair

apple candle

pendant light

suitcasepotpourri case

full length mirrorinsecticide cover glue
comic

pocket edition
cleaning hangercardboard box

book white belt
toilet pot

toilet brushtoilet paperodorless mothballcardboard 2 drawer casescardboard drawer case women's shoemen's shoe

Japanese room 19%

living 12%

bed room 12%
bathroom 7%

entrance 6%

corridor 5%

dining 3%

other 1%

kitchen  29%

Fig. 4. Everyday life object dababase

the number of injury case data is limited, when we try to
understand the mechanisms of injury, or when we want to
extract reusable knowledge for injury prevention. For example,
according to a survey on everyday life objects stated above,
our home has over 4,000 kinds of objects. This means that the
frequency of occurrence of the same object in data becomes
low. Therefore, the reusability of the data is limited without
modeling process.

One problem in modeling everyday life stems from that
we use many kinds of expressions for the same thing. This
terminology problem is common in science and technology
of everyday life. To solve this problem, we try to standardize
the expression of an object, injury, behavior, and place using
the NOMESCO code[20]. We defined the way of describing
objects, injury mechanisms, injuries, features of objects and
behaviors, and so forth based on the NOMESCO code system,
and we created a look-up table for standardizing everyday life
terminologies.

After encoding injury data as shown in Fig. 3 with the
created look-up table, we conduct cross tabulation and create
a probabilistic network model by learning from the data. The
upper part of D of Fig. 2 shows this process. Figure 5 shows
an example of the learned model. Once we obtain the causal
network among features of children, features of objects, and
injuries, it is possible to estimate which kind of object can
occur which kind of injury.

Our group is developing a comprehensive model of chil-
dren’s everyday life behavior and injuries by applying a
similar method stated above to the behavior data measured
by the sensor home, the injury data collected at a hospital,
and the everyday life object database. By integrating a com-
prehensive model of children’s everyday life with a gaming
engine, we can visualize children’s everyday life behavior
and injuries. The visualizing technologies are key to provide
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Fig. 5. Causal network created by learning from injury data

child care supporters and guardians with knowledge on injury
prevention[21]. The upper part of D of Fig. 2 shows examples
of the visualized behavior and injuries.

E. Everyday life service: Sustainable development of sensing
and modeling

By integrating the sensing and modeling technologies stated
above with a real society through providing service, we can
collect a large amount of everyday life data, create a model
of everyday life based on the collected data, and improve
the sensing and modeling technologies themselves through
service. This methodology leads to sustainable development
or mutual evolution of them. The methodology contributes to
not only sophisticating technologies and knowledge but also
improving services. In particular, in recent years, with the
spread of the Internet to nearly every household, information
on these sorts of injuries and injuries can be easily obtained in
the home. Large-scale data can also be rapidly obtained, and
large-scale databases can now be constructed to provide useful
information to the guardians of children, in their own homes.
For example, when guardians of children are viewing child
care information on the Internet, they might enter their child’s
age and what kind of injuries/injuries that child has previously
experienced, and immediately, right there, be able to reference
accumulated information regarding their child’s attributes or
injury case studies, including projections for what kinds of
injuries might easily happen in the near future. It would be
a database with a function to graphically present injuries. It
would store information on the child’s attributes, injuries, and

injuries, and would continue to develop while improving the
accuracy of its projections.

With the co-operation of the Benesse Corporation in Japan,
we have planned to commence the first step of this service
over the Internet, starting from December 2005. It is a service
that reproduces images of the kinds of injuries that a certain
child might cause, based on information entered by that child’s
guardian over the Internet (age, what kinds of behavior the
child has recently managed to perform, etc.), and also offers
virtual animation of the causable injuries and preventative
measures for them. So far, the Web server system distributed
61,147 movies of injury scene to 4,933 parents and collected
21,482 questionnaire data from the parents[22].

To develop this service further, necessary child care/support
information would be gathered, such as instantaneous informa-
tion on injury prevention, visible information such as images
of injury-causing objects, and presentation of information as
footage, allowing guardians to get a real feeling for children’s
behavior. We are aiming for rapid construction of such large-
scale databases and an advanced application of the informa-
tion.

Our research up to this point has shown that three kinds of
information application/collection systems are required. The
first is for a better injury information collecting system; one
that gathers the right amount of information, not too little nor
too much. This system should enable us to grasp the dynamic
state of injuries occurring both in Japan and the wider world.
The second system is for an information collection system
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with which we can collect detail information required in re-
constructing the circumstances of injuries. The dynamic-state
surveillance system mentioned as the first system should lead
us to our objectives; what kind of injuries are to be analyzed
and prevented? Based on these objectives, the second system
will enable the detailed investigation of socially valuable
data on injuries and injuries. The third system will condense
injury information, and then personalize and communicate
this, as meaningful information, to child care supporters and
guardians.

Using these knowledge acquisition and circulation systems
will enable accumulated injury data and behavioral data ob-
tained both from laboratory research and from within house-
holds, as described earlier in this paper, to be utilized in the
creation of models integrating children’s behavior with injury
occurrence. Through repeated evaluation of these models, we
believe that we are well on the way to creating, in increments,
a standard model to adequately explain and reproduce the
everyday activity of children and the attendant injuries and
injuries occurring as a result of this activity.

V. CONCLUSIONS

This paper described a methodology of everyday life com-
puting by presenting our trials in sensing and modeling
everyday behavior for child injury prevention, and providing
everyday services based on these sensing and modeling tech-
nologies. In the future, as for behavior sensing technology,
we would like to see not only the development of dedicated
hardware, but also the accumulation of knowledge concerning
how to equip children with this gear: the establishment of
methods to measure child behavior. Also, as part of the
next stage of injuries sensing technologies using the Internet,
namely repetitive reproduction of injuries in graphics and
database analysis, we want to clarify which items are necessary
for explaining and preventing injuries. With the co-operation
of on-site doctors, nurses, and carers, we also want to solve
any operational problems, thus gradually widening the scope
of data collection locations.

The methodology described by this paper is not limited to
children injuries. We believe that human-centered computing
technologies based on everyday life models could be used in
other fields for improving quality of lives of individuals. Such
fields include not only safety-related field such as preventing
injuries among the elderly, or work-related injuries in factories
or hospitals, but also other evidence-based support of human
lives. Actually, our group has developed an evidence-based
nursing care support system in cooperation with a nursing
home [23] with the same methodology.

If we are aiming at developing truly human-centered tech-
nologies useful for improving our quality of lives, time has
come to address everyday issues in our research. When techno-
logical elements of human-centered computing such as sensing
technologies, modeling technologies, and service technologies
can start to interlock, and engage with each other in everyday
life, a new cog will start turning; an information science that
will not regard humanity as a laboratory animal, but will rather

understand humanity as living within a real society in a deeper
sense.
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