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Table 1. Power Scawvending
methods and their relative
energy densities.

1050-1560 Whicm3 (1.4v)

300 mwhfocm3 (3-4V)

1.5 mWh/cm2 - Diract Sun

0:15 mW/em2 - Cloudy Day

0.006 mW/cm2 = 0.57 mW/cm2
0.001-0.1 mW/em3

3e-6 mW/cm2 at 75dB sound Level
9.68-4 mWw/cm2 at 100dB sound level

1.8 mW/cm3 (for shoe insert >>
lcm2)

0.0018 mW - 10 deg C gradient
80 mW/em3 - 186 mWh/cm3
300 - 4000 mWhicm3
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ram e Qmyanisation ley Featres
BSH, 3TNode, CITHOde, C2TS Dust Familx, LG Eerkelay By far the most popular wirdess sersor retwotk 05 Tinv0 3 s based Jnar avast-
DOT, DEYES, ErOcesn, Eyes FX 1.2, Fleck, et procrariming rocel Tiny 0S5 prograrr s are composed irto 2went hanclers anc
Incte1, Imdte 2, Kmoe, M CA, MICAZDOT, tasks with rundo-complet on-semanics. Eoth the TiryC S systen and prograns
MICAzZ, MICAZ, Fene, Rene 2 RISE, lixitzer for TinyQ 5 arevntten in & spedal programm ne language called nes ©
Scatterileb/ESE, Sensinadsz, Shimme:, {Mecork Erbadded Systers C). Qatimized for rem ory Imiat ors. Current version
Tinytode 524, Terutal hote, Wiseheat incluces “e=tures sLchas afully preamptabla sppication-ewel threads ibrare knotn
GHOME3 &5 03 Tireacs, andt £ runting memony crofecion s2rvice called Sate Timg0s .
Badge, Medusa MKZ, UGLA Power-fare, Scft-2eatime (Bedt Effot) C-Based
MICAz, "ELOS, Tmate Sky S<yMCTE UCLA [rramic Reconfijurakility. Modular Dewve opment with standard C. o [anger uncier
cewzlcpment
MICAz, "TELO3, Tmate Sky S<yMCTE LG Eerkelzy Lightwei ght easy ta lesrn platfarr for research pLrposes
At Dynzstrean Larye scale, low pawer and high efficiency netuok. Targeted towarcs sports
Innowation Inz. rerfomance gopicaticns.
SeatteretiESE Swedish stiute of 12 Based mamory efident system for microcortrclless and s2nsar networks
Corputer Sderce

Tirty Timbzr

Srnart-fe
SunSPOT
Cenzinode

densinode

Hyraph

% $

Feceral University of
Minaz
Eritier

Carnzgie Melon
Liniwer sty

Lulea University of
Technoogy, Sweden

Liniwerstyaf Togyo

Srat-iz
Sun wicrosyetems
FraeT0 5.0y

Sendnoce

Uniiers ty of
Colorado

Modular, essytous2, evert drive cenelc ped in Brazil

Jhee hased, ezsytous2 rodular systen. Targeted at industialard energy savng
gpplications.
Presmptive, multitasking, resenvation kaszd multihop suppert

Rezctive ard dezdling-drwen sched.ling. A ows parllel prozessing and fal mobility.

Farduare [evel mod.ilarization, dual CPLU archilecurs suppot, & red time

trars aztion support ard retwork lyering APls

Collabarative Europzan projec now closed down.

Open 3ource tesaarch witual mazhinefor Java lang.age

Mot sensar netwcrl spaciic Raaltime multtasking general O for ambedded
syslems

12 kasad comrunictions protocol. _ow cos: and low power Easiy setupand useabe
ky riany platforms .

Developed for teacking purposes, developer friendly Chased AP Presmptive,
energ efficent and erakles repid prototypire.
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Table 3. EU Funded Research Projects relating to Body Worn Sensor Metworks

Full Mame Years
Bio-Sensing Testile for Heatth  Sept 2005-

hianagemert Feh 200%

(=Y I o ] =1e | /e arable Heatth care Systems  Sept 2002-
for Witals Measurements Feh 2008

htyHeart Project Dec Z003-
Dec 200

Stretchable Electronics for Large Fehb 2008 -

Area Applications Jan 2010
AN EH R Contact less Sensors for Body  Jan 2006-
Wtoritaring Incorporated in Jan 2009
Textiles
0OFSETH Project Optical Fibre Sensors Mar 2006-
Em bedded in totechnical Jept 2003
Testiles for Healtheare
monitaring
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5 $ 3
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for biochemical sensing comnpatible with integ ration into sensing textile. Demonstrating the
Feasibiity of functional biochem ical sens ors and their inbegration onto a textie substrate
("sensing patch).

To set up a comfortable he ath monitaring system based on a "wearable” interface,
implemented by integrating smart sensors (n fiter and yam fom), advanced signal
aroeeszing technigues and m oderm telecommunication systerns on 3 textile platiorm and by
tleweloping & monitoring system for data managem ent with local inteligence inthe form of a
decision support unit.

WyHeart aims At fighting Cardio Wasc ular Disease by preventive lfestdea and early
diagnosis. For the cortinuous measurement of wital signs electronic system s and sensors
nere developed and embedded into functional cloths . In cortinuous monitoring Electro
Cardiogram ([ECG) appli cations altematives to geldased (wet) sileerfilver chioride
electrodes were develomed.

The dewvelopment of comfortable and soft-touch stretchable s ubstrates for body sensing
applications, including assembly based on lead-free reflow soldering of electronic dewices
on the substrates.

Cortact lass sensors have been developed for the purpose of measuring electrom yagraphy
and electro cardiography signals . The sensors were integrated into textie to realise a
arototvpe of 3 wearable west.

The OFSETH project is inwestigating the use of optical fibre technologies integrated to
textiles forthe pumoses of measuring various wial signs such as electrocardiography ECG,
respiratory and pulse oxadation levels
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Crrnurisle dlurs 2010
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Bristol Assistive 2006 Mo

Living Technology 2008

Piluls

Fichmond Alzhairm ars 2008 No

and Carers Pilot

Long Lasting 2008- es

Memories Moject 2011

DASIS Project 2008- 'es
2%

Metcarty Froject 200~ es
2011

Caghnain Project 2006- “ea
2009

Thie “Livirmg Lt ine - 2006- - Nu

Sehcchat 2008

SEMSACTION-AAL  2007-  Yes
2009

fdon/MI Project 2008 Yoo
2010

hfyHealttn@Ane 2008 Yeg

Frujec 2010

EMERGE Project  2007-  Yes
2010
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AAL

AAL

AAL

AAL
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The larpest such trial in the word. Invohing thousands of partcipants, the focus is on
wererdlivng d large dald sel hal st b inlegralive ol lechrolgies o besllb and
social care can bring indep endance and wal boing, improwe pedples qualty of fo and
prmide ok enst Affective ways tn monitne And manage heath nenhies AR srRnsnre
arid Pl L murilor devices,

Ta damanatrate the uscfuless of assistive iving techinalagy far 174 aldorly peapla and
their 22 carers . Mainly used AAL devices (nedication prompts, smake alarms ete).

Thiz wiag 210 parson pilat projact for & manths the 2z saesing Sffactienass of talacara
for older people with Alzheimer's Disease &their carers. Sensors installed included
simubie, rialural gas and varon muniuside deleclurs, properly gail fur wanderingy
detectars, tompor ature cadreme schsors, fiood, bied, sonsar pill o alert 8 sounde e sl
hRACNN SANSNMS

By combalning cognftlve exercises and physical actity LLM alms to dellwer an efective

courtermeasure against age-related cognitive decling, thus actively improving the quality

af life of the elded y. The praject includes Independent Living, Coghitive Training and
Physical [raining Componerts.

0AS 18 targets towtilise 1T and other keytechnologies in order to provice holistic
serires tn nider penple tn suppnrt their physical and paychnlngical independenee. The
tart) et group for the OASIS project 1S largely people o are active and well but

eietien i mild ¢ agnitive cecling issues and may be uncam forkable with te chnology and

10T concente. Multinle trials in geveral countries are planned.

INe objectives of Netcanty are about Inegrating technologies 1N 10 serices’ that can he
deployeed in an independert living scenaria in the hame. Thes & senices will hae a
commercigliieation agpect i .6 can be sold, and the emphasie iz on 3 holigtic' approach.

The goal of the Goghnom praject is the devebopment of & successful, user-validated
eaghitive o sthetic devics with agsocisted sences far peaple with mild detm entia.
aeieral phases of thials planned mainly arund validating technol ooy prototypes .

[ue in late 2010

Patontial not sadngs inthe ardor of £471 600 werd ide rfied by
pilct s for the financial year 200708, 91%0f users rated the
assisling [Bhnolgy ds uselul, 3%y sy L0 sk, dnd $4%0as
rclighle, ¥19%5aid it made it casierto live of home, $0%6af
Carars 8 that the einmeant bad brlped them intheir caing
Tl

Pz uts rapatting cuite limiad, tha fallowing was repartad;
"Feedback from carers indicates decreased anyiety & stress.
Wksers were supporled Lo conlinue g @l bone rougt s
tigk managomant Sppraach. The incidonce of wandaring, b e
sAfRty AR nkedathnn monmddr), finnding &falls has
reduced”

Cue In 2l

Due in 2012

Lug In 2012

Hane yet pullis hed

THE iy bt b e giver Lo use-cenled desslopment ond vty inlresie ey generdl resulls oodale, bosesierilis nobed al e project

wircless monitoing and guidance system, the development of an instrumented shoo
sole equinped with sensars in order to recoghise and prevert fals of elderly persans,
arid L esieluprn el Ol inLera e Luuch sereer bigsed phore syslem.

The key facus is the testing, walidating, and making teady for the market, sman, bocdy-
fixed, cell-hased technology tor mokility monitoning and conditioning of older people. A
majar focus is Useability and Practic ality.

The project does not focus on technology desvelopment, but on integration and
anlaptation of already avallable dewces to torm overall system s that can bedeployed to

support eldey and disabled people living at home. Six Euopean sites s elected for trials.

Aims to offer the populations in the northem periphery regions of Europe, improved
P, 5 alely ard weleinng roug e e ol new sendces and newmobie 16T
praducts . A strang ophasis on commaorsialis ation of the results and Padicipative:
Design and Research. Trials planned in 3 countries.

The focus is an the Emergency Resonse campanert. | aims to proactively identify
potential Emergencies hefore thay become Emergency situations. It aime to use body-
At sensors to detect these condtions and build suitable response madels, Trials
irnruhie [ty Uridls arnd Tighd il

i5. 2 very useful test bod for issues of cthics, data prote ction ancd
privacyy

Mane yiet pubilished

Duc in 2019

Due in 2010

Due in 2610
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Digheties and Heart
faiure

CHF

Integratedt home
fieatth

Cardiac eents
ICDs

Heat failure, COPD
and Disketes

ITHETVELNT FENPTIET GRS ITUIUIOE, S0, QISR TIELET, [t U0 ELRT, BIUG presure i, |
nulse oudm eler |
Thitee tate coordinatars consisting of tiwo nurse practitioners and @ social worker collabarate with Resutts showthat care cooringtion enhanced bylechnology |
pimary care provicers in the management of 281 highwisk, high-cost ueterans with muliple cheonic— reduced hospital admissions, bed days of care, emergency |
disxas 09 sLsh as diabotes aned hoat falure. The project staff uses hometdleheakh dovioos (Hoalth oom wisfts, and pharmacy proseitions whilc chosing bigh -+ |
Buudcly systerm o proachively montor and educate patierts to prevent heakhears crises patient and provider safistaction. Veterans alsahad improved |
per:eption of physical health as evidenced by a standandized |

Tuncional status measure |

A Tufts medical certer stucy of 188 heart failure patients awer & $0-day period following the intisl This stuichyfound hat hospializations related o heartfailre |
haspital stay. Randamized tria o compare autainated hane maniaring system (Philips Helathhero were reduced by |
I

|

I

|

I

systenm) plus disesse man agement program  and disease management prograt orly; T2 pervent withthe use of HT. Hosplalizetions forother
tariovascular condtions were
redluced by 62 percent

0 In-nomme [saterts Used Heal Buddy ober &% manth peno RESUIS Shaied 69

perert fewer ED wisits compared with the previous six manths .|
The sty notied a 71 parert wrdctinnin inspitaliz Ations it |

the e of HT |
Ohier apprcdmately one year
TRUST (Lumos-T Safely Reduces Routine Office Device ol Up)is the first and largest studytatest The study concluded that remate montaring with autamatic
remote maritoring and rapid detection of sym pomatic and asymptomafi cardac everts i a dhaily suniefliance provices rapic detection and noffication of

Horme Manitoriag®, an automafic, wireless system that perfoms daily telemetric suneliance ofthe enabiling early physician evauation.

I
I
I
praspoetive, rndan izod trialin 1,442 mationts in Moth Amcrican sits, The stocy usad BIOTROMIE btk syra ptar e ancl sy phomatic anbythinic oaents, |
I
patient and the tectrical status of the implanted device, withoud reciLiring patient activation. |

The project has te ated 497 patients as of now sfter the pilat over a perad of five years Certura Heatth Rehospitalization rates for s patients fneasured over 30 days |
at Hame, i also currently offeing HT iUfeviento 167 Medicare metbers with hear failre, COPD fram an initial hospital visit) ate 9.1 percent, versus |
and disbetes . e viaw Combings natient man toring and ineractive widea allowing hesth are approvim stely 20 percert for all Medicare patierts nationwide. |
professionais to monitar the status of the patierts. Datais colected from periphersl devices and the |
Lifeiew Patient Moritors, tufich is then trans mitted throlh teleghon e fine or broadband connection. |
Tiio-ay s ofteten alow dinickans and paiems o communicate, Penpheral devices Include: |
stethascope, scale, blood nressure meter, glucose meter, pulse aximeter, thermometer, PTAMR meter |
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MARC
Sa in hame
maniaring system

Pl Aulorm dliun Reseanh Genler (MARS), o e Lriingrsily uf

f W Fundlng I]etalls ResultstRecommendatios \

Imprronedd infural care elfeclivenes s wilkioul neredsing

Wirgginia, has rrelnped teehnningical solitinns frrin-hame moniting of - intrisinn, Redured enst of infarmal eare, Redured birdeng on the

residents in arder to provide quality of fe indicators. The indiome
ranitaring siystem is composed of  suite of low-cost, non-invasiye
5ens0rs @trictlyno cameras or microphones ), and a data logging and
communications module, in addtion to an integrated data management
gystern , linkect tothe Interet,

irfarthal caregiver, Inolving the care recipiert in heath promating
artinities and decision+n aking. An extended heatthy, active and
digifie life for the elders that can e widely accessible o the: lom-
income strata of society. Delayed admittance to specialized instiutions,
and hence a reduced ¢ ost of fomal elder care.

Recluced fomal care burdens, and hence improwed formal care,

Alartnet : Laboratoryfar 2009 AAL
Real-Time & Embeded

Camputing (Fall

tletection project)

AlarmMet is an assistec-hing and residential monitoring network for
smart heathcare research thal opiens U new ogportunkles for tfouun fasty and 1a1se negatives (2.0, Taling on stalrs) by Lsing
caontinuials manitaring of elders or those in need of medical gytoscopes and accelerometer-derived posture infomation. t also
assistance;Fall detection project use s accelerometars and gyos copes to features

dletect body posture and franstions for higher accuracyfall detection.  low computational cost and fast response

el Gt s s arrnerds LU dnparune | elec ion, localizalion, ard ulber

&endrAs hilr presening FRsident privacy ancd seeirty

Fall detection algorttim that can reduce both false postives @ 0. siting

Alartrct : Currert? ML
Laboratory for Real-Time

£ Embeddded Computing

(Lameare project)

Currertly the Ao Mot system docs nat integrate cameras ductothelr  Results awated
power and privacy chalences. Researchin this project focuses on using

cameras efficiently and securely for tracking mutiple: people, data

2550130 and ventication

Simpathetic device 2008 AAL
research 2009

Anretiume. Geurgid

Trh

Project focus s on develoing communication devices for the elderly
arross al levels of housing options o mairtan socisl connectedness

Results presented at HCI 2009 in July 2009

Ancroidl application: iFall 2009 AAL Alert syster forfall detection using cammon commercially avalable  Realizable, cost effective solution to fall detection using 2 sin ple
electronic devices to hoth detect the fall and alert autharities. Use of an  graphical interface while not ovenshelming the user with uncomfortable
Ancroic-hased smart phone with an inteqrated ti-axial accelerometer.  sensors.

Diata fiiom the accelerameter is evaluated with several threshald based

algorthing and position data to detertine afall. The threshold is adaptive

based on wser provided parameters such ag: haight, weight, and lovel of

activity. The algarthim adapts to unigue moverments that a phone

experiences 35 opposed to similar systems which reguite Wsers fo mount

ACCElerOmeters 10 thelr chest or k.

!
:
!




