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Abstract

Wit ademogr acphhaindg@ewar ds an ol der pop
ructure of the | abor force is shift
nger within t hei rHoawetveermd e dmalniyf epeop
'l being has been <temptechi peadbbye mwolb
ach tdhrme ntetage. Prevention of chro
rdi ovasc ualnamru scciud enasskeed eitmaele ddedbds pr der d e
sustainabl.@#hewpepengatdoiofles for risk a

d interwvieretdi on ar e

Theision is te steehwebhbpgbes to prom
rk, |t diebdeet ai |l ed, to develop a systen
chnol ogies into wor kavweparre cohiosceppatwi dea
S eparseevent i on. T h isso nieh eedfidswaptibds s e,n b 8
cluding esglst dllesi gme arrabslke assessment
terveynsgtaam, weddecaisf i cnso$s ugfhooris el d

sessment of phytsea chadeodwadgdksimaskde asred si |
rme At e over alilsc agpp boef@moivmgnobt rusi ve
nitoring of severeadt ismainssk |aegviiemhnga tai ncc
edback and reports to different stak
Theperformance and usabhelrgyy e’ pencduil
ti mmei bads basedmomisherdr accatwemenet e

ami hed occupati onBHhe swceafauli meass s of
eumog-bapkey respiration monitoring f
ti mwasrpl Armeed .htotlda t integrates heart
d motion infammatrioomal usiemnguor k for €
timation i s shown.

The sensing gar ment i 8to & nh ee swseeanrtaibal l
st em. Smar t textile solutions that
d manufacturability of sensing gar me
d t-ekecteonics interconnection as we



thatildiiZzedserent ,meehudemogises at ed

Key wowaadr abl e technology, occupational
expenditure, smart textile
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Sammanfattning

Me d den gkiadres nsi t hgten i befol kning
forandradr wktder sbl and Mde &fPbeatiakeda.
arbeta fler AT an vad g2l It tidigare,
arbetsrelaterade h2l soproblem stapp f°
nuvarande pensions=lder. F°r ebsysppgrande
kardiovaskul2ra sjukdomar, eller sjukd
a

n°dwnanrdiaggtt ge ett hklrl2bnagrat vaerrbkettysgl i
skbed®°mning och det arbentsililonvetysodn
l astning.

Visionen h2r 2r att anv2nda b2rbar t
t fr2a2mja ett h-l1lbart arbetsliv, el |
m integrerar b2r bar;otcenk ndigkr iig e @ mlime tps-
omt® j | iagh®°rebyggande av arbetsrel at
| soprobl em. I denna avhandling pres
sion. Avhandlingen inkluderar l °snin

v risk och fo°r =tg?2rder beéldaddinara odk

met oder fo°r att under f2l tma@ssiga fort

arbetsbelastningehandli&fs- n-gr a aspe
i mpl ementering/tillverkning av smarta
av olileanslb&agkri vna deetk nrad jolgii gt g&trt 0
flertal ri skparametrar, automati skt
-terkoppling till olika intressenter,
o. |

Prestanda och anvandbarhet hos n-gd
met oderna rfi°mrg bew 2lgenerel | arbetsbel
hj2rtfrekvens och accelerometerdata s
Likas- va@ardet av andningsfrekvens base
uppskattning av geneBrlealnld aarnmeatts bveil saasst 1
SO m i neuronn?2t integrerar hjartfre

rerel seinformation f©°r en f°rbattrad s



Kl &ader med inbyggda sensorer utg°r en v?@d
barbara systemet. Avhandl i ngen visar p- s
foerb2ttrarda,pr antv&@ ndbar het och tillver kni
sensorplaggen. Bl and annat f°resl -s | °sning
textila |l edningar med el ektronilkase&wvaadgripa
p- olika teknologier ber°rs ocksn-.
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Chapter 1

| ntroducti on

Achange of demograap hoil cdse rt opwaasrud saeteino n
observed ic 0 u nrtafniye s z , Sander so.nOnet al
consequeédrmdes afs thatfracoiwmhhea piorpul at i
suffer from chKennedyli sBasgserTheeghat .
cosftor heal thcaretamd dladtaodury matrieced
di scussed tfhga $ avto Ideaddtd e d wghg es p dciaf ne
comei th more years of ¢fharonthd&cmyheame h pr
with several yelhnswofl k ipasgtdrl ucetaeulrteh .of t h
force i s spedpli e gegtresmdndtxo wor k |l onger
extedd fe Fopmemgmehtt he | aabbs fercery r e:
butor manyt ipenoepllleblted smglceoampr omi swedk by
rel apreabl eensor e they reackPr ewdntrtbane n &
management of chronic diseases such as
ki dney di seases, masduldo sdbiedtaertschda 5d ar e
factors for keepH ry&miagelre alceheelst hcy.ul d
|l i fe sty,lee. gchanngoersenck xbeal by odi ewor k
inflictedprpeawer teimsea rnee arseugrueirseeldice e x p o
t o woelkated inouc oeosirgadrtchiemd al ,wshtirisehs s
acontrifbacdti mrg for many( VHhO 02n0i0c3 )di seas e

Muscul oskel st § idadiccs et dér most ty@mmon
ofworrkel ahteeed t h or dml €Emr ope, 17 to 46 % o
repodttatrbsek oflEMBDPEA .RiOO9MKM)factors s
exceexievadfoncédigh taskndarefpevdrtadabolng pos
can | eadeusrmuscl es ] ijgamemdesndEnscessi ve



gener al phys imaahl avaewmardkvleaoasde | mpact on heal th
working pewWbokmwhnth. hiwph kdaoweardgcertiilacs e

ri skme mtfal and physical fatigue, work injur
perfor maMuceand Wan@gut200n®a2t)i on and outsourcir
physiwoakliotaldought to reduce the risks of h

However, this has Iweod,&khgdr mbbopegeddentianyary
behavior is associated with high risks of
di abetes a®denantBealy et al. 2010)

I n additionenbalMSOwmrienpor ivanrkel at ed
healkibBkti mat ed2 8% oaff ftelcen wBu(kbWROPE A
2004Wor-kel at ed stress bcyouhidg hb ew ocraku soeadd |, | or
working hour s, |l owco ot iealguwid sgdgroa @i vierdo m
streBsought onlioPr0Ed G r elssd i rsedt it can cause
ment al an dp rpohby $eiorc b € i ndBvmdua@thysioc al

injuries, it Il esaffl@gchteo cogndlmdgwzar ek, Schnei de
et al. 2009)

A firstthegerepeomt éfor obliesmst o i dentify poor
designed works andgiromfmawnaor abl e wor king h
Tradit,jonakl yassessment i s caepod ¢d out k

questioomaobesrvati ohal-seeidnmed hods ar e
straighttfoor wenptdaemea mtey bcecanapiploi Eadr ge

popul attaroel d tfi ovve cHosme.v e r-r, e psomdttf h o d s ar e

af fl wictt erdaj or pr oblvear kibchvagp et hept i ons of the
ex purdeave been dhoauerldi alba cek ipmngd c i( Piro,m c e

Adamo et .&leveRBIDBr) v anteithrhadisbeen devel oped

f oOMSDri sk asswdgsmeinmipr ov elouttrheebyi ialbli | suy f er
from -iamtde rionbtsrear ver whehallisleidt yf or assessmen
smal | bodynd efga®mn rodwkmd rat, s Pehkonen et al
Mor eover, etmeteat i smpl of observational met ho
ext ensivwd vemedhlt aohed; efxprerdamal,t hsompani es
di ffilanddanedo it assativalystdantMany coisrtect
measur emeegrhtods t hat empuarselamreé abhes with senso



attached to theendebg¢lecpesd.haVlee direct
met hpaovi de daidaurt dtey oé s @int in discom
modi fication of t(hRkawod.kdh®@5)behavior
Newvear athelcehn glsongec | udmargt textile tec
mi croel ectr omechamidmabi tcwymstmiadns am d
computciamg potentially solve these shor
Sensorarignhtaetgr avedki mg ocd ot icoowitdien u
measur ememutist i pfl,ea nsl gdsng <cardiopul mon
body movement , amna&sdlgen s e foff o rdit,trhe s sni ni n
interference wit.lButhe sgotfeamk | wibink ev en
mak e possdbbhgnpoftih® poorly desiWnend wc
propdekbygned swapstematthat!l y , ,iammedisattehe
feedback can assi st wiomskttyhlees rai ni ng fo
I'n bthefsi onusieseati@b techhol @gioenot e
sustainabl e owarokihwgr , dtsof ed e v eoll oupt ti Bants

i nt eegsr awear abl e ttogeehrheelrogwietsh i nternet
solutions, artefticamit al wiomtke IWleiage ntcoe pr o
angecdosccupati onal di §aase tpp easisapriei on .
ressiilrom s everaanla nfgion insgh tpa wa redcst stFhier svti s i
i e monssar astyed teedeels iagod | mpl ement ati on of
system. I n this system, var aomaesl Ikd ntdesd ,
processed, and delivered in different
several kinds of r p btikesri cestleivnego a k | a & dna n d

ocucpati onascereaflites, t h@sss moesemstpeci f
i nghatnsd pr oposest woo |lausifdieodnttse ttoa:li giete lsdy st
assessment of physical wog &Il wtaido na n df
unobtrfus€e@ei ng monitoring.

Out safope

As this bhesies sasleeh@aspects mentione
relatedni $heeslevel opme nstucohf atshhelessy shitne na
server Byesrtemanagement , i rhfoomr nmaot i an dsue



effective interventiongxpasssgessieignohper i ki
|l eviet areg not discussed in detail in this th

Research questions

The aim of t lwiss ttoh eesxi pshb paooertkiolf € tuise :n g
wearable technologieshéealtimbrassessmeptatand
intervEhtwebonf.ocused on tha dewns tdéeny idgénei gn
requiremdetwvel op the system, thewasl |l owing r
addressed:

RQi1Whatre nddeefwear abl e technol ogi es i n
pr omon icocfcupati onal heal th
The standard way of assesseshgmahiysdgcal W

oxygen conldawmevtgaoond.t emadafi omxygen consumpti on
requires analysis of whisse hir rpld ®exiphblredatg ames
wor k ploac east |l east interferes severely with
ways of assessing workIload based on hear't
compl ement ary v efecernmaptrioopnoshread and evaluated
wearabl e data/infor maitnmuocnh anuodruir snattii @m sy st e

about the |l oad on,amdpémbom miage mosnawd yad | e&f
i mproving wor k|l oaasdde dasasmdtomenmat i oB avail abl e
t hensweRQl,he foll owwmg agdue tsiscerd

RQ2How an wearable tecasvtogmemind new
al gorithmsanacaocmoteéceo navrechi ent energy
expenditur ei fersd @ mlaitvioMg conditi on

Thi s research fquedevolnopwas i n-to three
qguestdiuornisng t he: thesis work



RQ2::Mlhaits the reliabilaicttcu,, agcyaltifl i
current estimation met hods?

RQ2:.12 respiration information mea:
pneumography wuseful for energy exp
RQ2.Bowcan the mukei soégnsori al i nfor

i mprove the estiempteindmntoaffe@nergy

Based on the system defheereadi hg ,B@L me
which is the component t hat enab, es p
were addressed:

RQ3Wh a't are the technologies that
smart gar me nte me @it eicrhmradeagyy nes s

wi t h respexdr f otronanc e, usabil it
manufacturability to ensure a moni
|l iving conditions?

Outl ine

Thitshesi s i s or gikerdi lzeesdi sa scodnved osig rntgs
summar yacaond ecti on of papers. The sumn
chaptChraspteincludes the background of
research Chapttiledrinsc utslses desi gn of t he
framewodki mphmet atoifons uch (aP aspyet alanyd
summartilze ss t mdoideesl i ng energy expenditul
system measur slme,ntlisl I(,Pap\Ww)u ma€an hsprmaerrt
textile technologies that has besn tes
(Pawplelrl , . WhaytéseBtprehe discussion anc






Chapter 2

Wearable SendDersifgonst em
Occupati oAabeBRsmkEnt anc
| nterventi on

This chaptzrs gbhmmauwipkeks whi dhi Was
RQld&vh at are theeamralbdse dfechnol ogi es i
occupati omal health?

Pot enotiweadr abl e technotogpeaesi onal
heal th

The devel opment of wearealbll e s & mpmgr t
unobtrusive moni topli eg sisfinssi.ngSywea aerna b
t econnnogi es have beawmardeevteyl opfedappl i cat |
mil i madya,lliyDecupati onagdplhiecdaldténd s been
propoaredlyst emshef qprr event habmeefn MED®I| 0pe¢
i ncl usdyisngge mante as smpe palstsdrue i ng (sDutntnien, g
Wal s h et ,alnd ZIyGEdDEmsomappextremity roi
assessbmesnetd on the Rapid Upper Limb r

(Vignai s, Mi ez al et al . 2013, Peppol on
Prevention of occugatmpdirdiondye s eaaks
competences asnudc hpeatshoiphiyes ol ogi c al unc

di seadexn,tifirciastki sfnacoifek as s awesmlemltade,
i mpl ement ati on ofAhnédheael uat eowxeafHeohee ou
wear atbd ehnol ogi es coul d pway & ar rroil £k
assemetnhe technol ogies wildl promote th
met hdachdteddpr eecamd o0bjaecteiswsement . Toget



mobile computi n-)i enap & lcieakhb ebyek orivivdabrk e r

for eartregecti ome hoadv ividdrrtkh out f dwreet Irme ence d
experts to conduyaxdstt hweieldls sled gigae nmo r e

wi desprseddecar abl es al so thesflomes @ axwagh ¢ |

pr ovMindgompr ehensive and obj ecsoife@pldatianfr om I
epi demisotluodg es for risk i demtviafliuamadtiiommn as we
interventions

System frameawomipl ementati on

To take the full advantage onfeedne wear abl
be integrated-deasnitgoned wywheftuenmt if oms
communicati on, data processing, data storag
ands@emanagemdthdesi rednegds emo be able to co
sigrfalcsmeveral wearable sensoro.ef prmcess the
the risk assesdgrhienf or geantld dfeel éidvbedc K f er ent
st akeh,olsdeawso ralseecra¢ hawor ki ng environment mana
or earngonomi st

The design framework of sufh wdtdydthem i s

hardware | ayers and the iinfloum@ibh@avpedf]| ow in
artehrhaer dwWwaayenst he:tbgswemrabl e sensor | ay el
mobile computing | ayer, and tHe omerver I a

Wearable Mobile Server
Sensors Computer

Physiological " W Ergonomist
Individual }{Raw Sign /Biomechanical RS IdfiELEY Coach
. Assessmen Report
Variables Manager

Figure . Theystem architecture showi.]
information fl ow.



wearable sensors for each individual a
dev,swe hasamar t phatnabtoampuldthi s ,tlhaegg eraw

signal praceusedhiyst ol ogi cal and Bi omec
t hat repragseshd expen t he eidskisngarveeld:
defined criteria. Accordirrd¢l trhee etdhbea cakc c

can pbevitdedt he iatdi v hedr&dléeay the inforn
coll ected friogmti madriesd daurad sst ored at t h
server |l ayer, furt hegerrowmall ayysers coadn dbae ac
group of stakehol der s c aac cacsrsceisng Icye rttha
the server.

|l mapkwe huakhdemonstrated our first i n
earable system ¢(Yavmg dsL & hetTwaels .iso2s0t 1e8n)
esignhed to assebatpehdywseEocaall Thieskhse aadb | e
ensori nclysednr ssouchi naesknteiaas ur i nagn tuenxittisl e
|l ectriondteesgr at ed npgmtnoda c we & hladd e r for
l ectroca(&EC&ypdmpbgananeg magtuyD)a tram f

he sensor nodes are transmitthedr wi del
rogram was developesd ghal ¢patos ecclalggct
wealilskasassessment Addrheei g-pabakstabpgon.
e energy expenditureweareadt aattebdDeyror
w acceleration ansi ¢tiredcspreoccRa vlieidl oyg.r a |
cessive,iwdrilghl ganeexmendipr ol enged si tt
ol onged,werandiengct ed iadhd ewdleg ore greda
y green, yel |l ¢w mand efewplraocl RBengled si tt |
tandasgswarldwibdged he system.

The system wame &lvawarakiemg psecskeat i g
sel ee¢edpati ondr, i mernmee,l ypost al worker s,

-~ ® ® v o s

= ~ 9 T

nw T T O
-

constructi ®or wogkéehe. fielbdasécalfwatcito o,
of automatic r i sk nasstsredstsendesnkbs wasi de moi
wer e sdloecnaetdch known ri s&ecumafithheen sr e:
usability of the syuteesrhi wdishad pRsS S ecd pwe
consideredt o therdgolrtenott o nt eewf €h t he wor



Limitatweme al so identifi edqudadriitryg otfh et hfei el
ECG andagi gsrasb recorded wi th t,hwer ¢ extil e e
compromi sed under intense movement. |l ssues
desagdi sc ufsusretidhce a p 4.dh e d fvfeemdits & htei me a l

vi sual feedback di spuhgleer envi nt hheh es cfri eed d
eval uaheusnewsr e noingtchheeckEr equnenbblbygh
whifleecusing on their work.
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Chapter 3

Modeling Energy Expendi

Thi s cihlagpgded on mapsdddl ¥asn di ni t &RRr,es s e
How can wearable technoladgyoranmnd nmse v ras
an accurate and convenient energy expe
condi?d. on

The ememand of stoor kbeneield a suitabl e
mu ¢ h demamdusdgdecreased wor k perd&dmd manc
mentfati gud, neivrej ssrDier ect me a s uerneenmegnyt
expendEBowre okwmtealkvePi s a ceh anlflaeknegv i n g
condi ttircemui res expensi ve and th@aphiisst i
i mractiocacla$hegphard and.Asoya g,i einddlit2r)e c
assesdmerhtn, ghheased on di ff eusinng measrua ke
devikeedeen proposed.

Ex $sthg metblasaedsd on hneoanritt orra taen d
ac cel er odnaettae r

Heart HRatse ohe of the mostsoWwi BEIl ynubei
studitan be measwk®gl port amlned devihcaess
relatively l|linearforlwdrdlloemddnpder aheVO
peaknt erfdiitvy ngstone 1997, Est.onl,heRoHR a
VQr el asthiivpmr i es wi g inc hfgasrrgdoerrsan g gesi c al
fitnes;sthkeedlgped esti mati oinndri eq uWiurad s z
cal i braltmofni),gheevodn( biant idsi uf bf jergetnsth o Wim e
cali bratiodoninest bsuattgment al submaxi ma
i @l abor atastyepont,oeadmigbimeeduce the err
the -ilmtwensi {gnrarngeapl e wif(tlhulbem,e Malij ee
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Figure 3. ( a) ThWwQrHER ati onship of one
nonlinearitwntiemasatige )l oliveQrkR at i o1
twelve subject s, showing the ind
by the experiment described in p

assumes a eclosmwdlan(tmerdds wriashdieasltliyngwhehat e)
the HR is belldoké @aahfel lerxe sHiRd poadditthieon t

13



50

20 *” / ﬂ

Vo2

10

0
50

o=

10

Vo2

n
50

Vo2

2T

10 b -

0
50

40

of”

o 30 . *
= 20
» ” .

10 s L
. .
60 80 100 120 140 160 18060 B8O 100 120 140 160 18060 8O 100 120 140 160 180

HR HR HR

Figure4. The -V@r es p ®mrls2e subjects with

testsreovadimmild]l (blue), step (red)

bil ifnleex HR met hodhawe mesuesdd uadit €€ equation t
model t-\h@r eHIRat i,bhe hdedpiyhwgi t h t he nonlinearity
the 1l ow i nt etshietry fraecgioars. t hat -McGan i nfl uenc«
rel at iiomcsliduedger es¢ adfi ¢ wor k, a.cdtiifvfee rmeunsccelses (€
bet waem anwonlkevgp k a ¢, Bel,| pesty cahfod oigd Tcs)l
ambient temperature, (@Hitiiltluadsek ampmi ,meko gealth ol
al . A1%99) gure 3, the different responses be
shown wiftrhanmdiaéa i ncrement alansdubnmax iemale ntte st

of the phiedeoememdant ndhnvi tdeal

The accelerometer is anotherhf@gdbpgul ar port
Accel erometers provide information about th
body s e Cwoeinbtbss.ed matrliediéd most common way tc
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convert accelerastnbaoa HEasBlieEemaawomut pu

the accelerometer i scpusatcds sk ni matss o &
with EBbgrc¥Di bratéegopme usiim@r onodelt , Chu
et al. 2006, CroutemMheKef el @b st anza@

gener at ec ausrftr wimt ya c ¢c eMaenruaftairscns.é ef f er ent
processing methods to gemdrtahe ddwentacn
frodni ff ebrreasntdf devices ar e icohummsadi bl
met hgdser easonabl e results when the mai
activity of t el atledeHaaomeivéeh igassualrte

guestionable when atrfeerf oymedddfttheonhi v
coulmasmet hadss,e ashahvee b&éengl oayopacitfiive t
met hods wherec agristviipgey f or med at first
mul tiple accelerometer data and then t
met abeduicvaMEnitoo(k up tuashlnegaathievpeci fi c

regressi oBomomniel Pl asqui et al . 009,
EIl i s, Kerr eédmedlhod20X4)uire | aboratol
group or indivoklumal|lt aklde M&IT d®gressi on

types of activitviasewndBbobhba-spreei ¢btoynptimet h
have dififni cewslttiimeast i ng t he ener gef ffoorrt i
i nvoliwitreigoamc toh her seslujcenctas | i fting
Sever al met hods t hat combi ne t he
measur ement have been devel opedhet o i
brancehgegudat i on met hodVQeroenghriensessi olNRQa nd A
regressivamng wisdteipobendi ng on the current
(Brage, Brage et al . 2004, Strat h, Br
201%5hose methods have s hoiwav argipdrtod/aeidl y
i ving ,anwhedV alesatbicocnuspati on sedd i ngs
Onehaldiempl yi ngi ndhiometchodscciupati ona
enviroginenthe higbfcompl phiysy calantdasks
t heari ety offhecesryarnieanaati ¢ errbecofmea 1
mor e si gmhiefni cagpnutleir @ ch istnoo d st kaes k a b vrears t
of the meas.urForg epxcamplde, met h-ndbatdede!]
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activities may haweu pparta oinsmepke wi t hmb t asks

domi nBhear iodtaysaklss o | i mi t s -stpheec iufsiec onfie tthaosdks

t hat curyceorvtelrmi oed dailyitife dctfivcoul st oal

acomprehMESi -kt abl e oradtgvwicomni hé on

al gorithbmseeltlhakispeési 6f c occupational acti vi:
The method for individual calibration is

mushe consastehreedsebécttihen caltrpbbedtul bn

influence the accuraanay tadfe tfheeassietdigiel md tyi oorf

techni ghfei alnd or i nildar g @alpiubraati on proce
|l evel ed exercise ,idsar inshg alhley HoRe rdroe me d
measured silnfUhétameoauas!|l i bration curve is est
the measured HR or ACC aneévehe.,abbsuabpygndi
singleaer Imackel i s used forSedgmenltdeatleialrr at i on
modsalnd quantbrdatli € al so used in some studies.
the calibration procedure uses a treadmil|l
i nt epasnidt yt hies Vieasur edi mndhiroegth &aliosri metry.
procedure requires a | aboratorswperovitr onment
from prof esasipmeadisa@d@ Br age, Ekelund et al

di fferent calibration procedluees!| svithat he ¢
ar e -epsrtei mat edi mul t aneously measured by indi

measurement were evaluated for HR and ACC c
For answer &hgit RQtzxhldi |laibt y, aunsdachciulriatcyy

ofcurrent esti majtiinonp anpeateh o Bl is @ Isweavtea ca |

devel oped met hods wi t h t he combinati on o]

cal i brat i osu npdreorcseediuerea | icmwlpatt ¢ dnal tasks

(Yang, LThet-HREgEXHArem HRmMt iaonmd) br anched

equation methods were <conapgaariendstint hteh eV Oe x p ¢

measured by indiarse dthec aletf eirmenfcmyaisme nt
car roiugdtd hleaeboyawot h simul ate@eswomlg paskods ar
three submaxi mal tests with stepPphogeeadmill

wortkasks were designed to have a good covel
acti yviindlessdi ng stati canodrr mdy ndemicn avtoe & ,
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workKhe resulttébews abatracy colmeg wi
HR+M met hods wi th respective arm and
ergometer and tr eadimmudllt avndegoeubsk ea retmi t h
during the c al.iHoorweetvitediimep mode shsa s t he
compl ex calibration procedure and high
conditions where the | abtdbofel-BERrmbdeh i
with step test <caloipkrieotnihon can be a go

Opportunities with wearabl e resctg

0 1 2 3 4 5 6 7 8 9 10
Ventilation (mL/min) x10%

Figure 5. The r el ati ons higan do eM&@aeseunr etdh ¢
subjects in the experiment descr

The espi rvaatriicanb| o ohadegood bphysi ol og
me as ur sfmaerstt i matEE(o®a otfi nger, Donmbéely e
pul monary ventdaddtbromat(Wi ng frequency
toget her wiitvhe HPRP otdo EE Wassemamtahon Whi pp
1986) udniszesshown tVhtasthegood wietlhatEdo ns h
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i ®especial l ydHRupaear itchre | ow t  Smobatinédnat e r ang ¢

Astrand 1967, Gastinger, Sor el et al . 2010
Mor eqv eaMa\eQr el at iwaesdheibpst ween i nfdiigvuirdeual s (
4) However, the use of venthifel & don,sad iamtedt

mainly due t o tthiearceeqmatshkeomea nhtpfioefc edi r ect
measur e me nstAlstyhsotuagahkign accur acy compared to
ventilsastemwmal, indirmoechi resipng ateohnol ogi es t
be integrated insdwchmasti npoddnag, pneumogr
inducti ve lheya, hg s magr @si sti vehaoawnweumography
val Theegr ovialve respirati omp proeratsdurnietrieanst e

l' i ving EE (st iRwastsiion Car pi et al . 2003, Par
2005, Loriga, Taccini et al . 2006, Lanat ™,
Ferreira et al . 2013, MGy GBclcak2 0 iNgg)emw, adoms

Ni col as et mtlhehawspogdifavielsei rati on monitorir
system based a@mectaick c tsfyosasetmi maat EEf
(Gastinger, Ni colas et al . 2012, Lu, Yang e
I n pap,ewe lelxlpl or ed t he f e®esipbirlaittiyon of U
measurements widédvswoa reassttliegnhlule E&ng et al

2019)I n this study, we devel oped a new ga
measur enmeanatn pr etviediee vpi rati on hmea g hree ment
vest used .i nfhepapeert ali | s of the design cons
gar mandei scussed i n (The mseaxmpee rcehfpepdteac ol

as used in paper Il whaes eudde isrmamehitsas &sudwy
per foramedd /W@ asur ed by indirect acal ori metry

referéEheei mpedhdam@se)f oegach breathsawas used
relative measure (&Thpd & otri ckcalc hv dilrnemad h cyc | €
eadiswi ndwewr e sumamadr apative measure of the
( Wrdi. The relatienghdpWded we e bni Hhih e

same individypaloce&daHRa CGctail a b .rDaetsipt i ee
nonlinearitegl asthiibpp heweehne hangi ng rat e of t h
i mpedamade t he real flow and the influence ¢
Ver eV Qr el asthiioggneewb et t er l hnedri ttyow and moder a
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intensity diddRV@On hfharesul tt &itnkd i ecsattiensat e

ventil|l sagoopdotheant i al as an additional f
VQesti mat iwdhnm ch answkes s r RQRI.Rati on i n
measured by i mpedance pneumography us:

esti mation?

Fusion of HR, acesperation and
measur ement s

I'n papeedelV¥®|l oped a method to ,amdegr a
motinenasur ement mmprove the accumnacyhef
answer tdoRQ2al, trhwel tuiscermdori al i nf or me
the estimati on of?2eruer grya neggx pEehredchittRier2ed 1 8
relative ventilation represemd eadr rbyandn
l eg motionepemanysiaccel evaltiware integr
mu l-lt aypeerr cepeuomomn newWiwbbksame | aborator
as paper Il this mearmmgrdeemdnatcatady
arfmeg HR+M Mmeecsoudl.t s of the new met hod
maxi mal 0 X yeggsetni maptteak ehwhiac st epulted she ca
i m hfei eA dc.omp artihseo ne sotfi mati on results fr

t he iexg smet hods evaluated i n Moaperv elrl,
when iaeptphd situdtadtmlinys regeierreat i ve aer
str@RAS) , represemdx>x(de., ghe ¥ Oer geti c d
assessment in Paper I ) ,warsoeuqgi meld vi dhat
brouaghdgignificant i mprovement in the u
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Figure6.Compar i sonzecft itnad i M@ r e s uiHtRs
met hod, (b) the branchedaretgaucpt HE
met hod, and (d) the method descr.i
15 s window data points for al |l
submaxi mdht aeare also included.
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