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Met hod And System For Fall-Onset Detection FIELD OF
| NVENTI ON The present invention relates broadly to a
woredoRogi2zand system of fall-onset detection. BABKEZRQWD000027
Falls and fall-related injuries are the nost common
cause of injuries and hospital admi ssions for trauma
anong the elderly. Anong the causes of falls, fainting
(syncope) is one inportant factor in ol der people and
al so 1 CRREHOPIARE S\L WM FORFBRCONKLISEELREh Tal s
In these circunstances, a wearabl e system conpetent in
faint fall onset detection will offer great advantages
to elderly health care in terms of reducing elderly
heal th care expenditure, and helping elderly with fal
FIEEDPOF IRVERTIORhabi [ itate, regain confidence and
i ndependence in free living conditions. In Ge Wi,
"Di stinguishing fall activities fromnormal activities
by ™Rl pekéit iaberitRet refdtsd basidly thoalnigtho®bnBisysre anfdisonset
dtgﬁoo; 33(1 1) 1497-1500, detection of falls before the
e’ ETects touches the floor using caneras is described.
O her fall incidents detection systens using canera or
' nsors are proposed in e.g. US20061 45874,
BA R IuNR0 551 US2003058341 , US2001 004234, - FR2001
2808609, US2006214806, WR006080225, US20067095331,

us . . .
R A R A R TS
admisgiorts| fbiraunsa AGoRg el eldeslyefaosg the eavses Rbfalls. I fainting fsyncope)

is offel Hﬂbﬂhn@%ﬁerEa&lhé}nﬂe M SAHaL& $&&ted! StePlo WLSRIASY and
[ to distinguis all fromnormal activit

al | eged )
rec%%é’?-, In thege gissumsianges.cx wearapleryypisH) coa&%%réﬁra{airsrﬁalbwset

detdHos QHPERrsf6at davarthgssPlol slddriyendRfh 28 abint HéBudify elderly
heaﬁgdergo a re th rotation fromthe -ver

n 45 . i cal :
1 FenERuPeand RebRiosSdanath (Al feperansosnighaifiniea dgoain
confidegiak fahe andlebyndenog Ingfegaringebadigordet ect i on i s possi bl e.
A need therefore exist to provide a system and net hod
for fall on set detection
In Ge Wu, "Distinguishing fall activities from normal activities by velocity

characteristics”, Journal of Biomechanics 2000; 33(11) 1497-1500, detection of falls
before the subjects touches the floor using cameras is described. Other fall incidents
detection systems using camera or motion sensors are proposed in e.g. US2006145874,
GB20052409321, ‘US2003058341, US2001004234, ¥R20012808609, US20062148086,
W020086080225, US20067095331, US20036611783, WO198800007350.
US20060001545A1 and US2006049950 propose detection of fall before touching the
floor using accelerometers. A threshold level for vertical acceleration, 8m/square sec, is
set which is alleged to distinguish fall from normal activity. However, in order to detect a
vertical acceleration of 8m/square sec, practically the person would have to undergo a
more than 45° rotation from the .vertical axis. Therefore, in this scenario the fall has

-already significantly progressed before detection is possible.

A need therefore exist to provide a system and method for fall on set detection

that seeks to address one or more of the above disadvantages.
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that seeks to address one or nore of the above

di sadvant ages. SUMVARY | n accordance with a first
wa@g@snp120f the present invention there is provPdESGZ008/000027

met hod of fall-onset detection, the nmethod conprising

the steps of nonitoring aceeleration at the thigh of a

person; nonitoring acceleration at the wai st of the

person; nonitoring orientation of the thigh of the

person; and detecting the fall-onset if the

orientation of the thigh exceeds a first threshold
SUI\XI@JAW and a correlation between variation in

accel eration of the thigh and variation in

accel eration of the wai st exceeds a second threshold

valigcapdhrRe Ot §|ﬁ$§t'a%6e&%f\’ﬁﬁ‘@ Brasant mlemtibr thetd® provided a
orientation of the thigh and a fall-te Iate vari ati

metaad G fal-aneeh FeferiRmoHB| eI £omRTiRIng fthe (SIERR X HaPRItoTng
accelélatién R \{th® ehigh Bfta péfbonTh&)rﬁeﬂlﬁgldncté‘Iémbﬂlai thalwa}sﬂmlythe

persop. MapHing centanenofthe, gt hrfetﬁhO' dsg‘éalﬁﬁﬁdgge%gﬁg th& Bil-onset
if thehodentatione os itieen ahibli a&e{adsea fmserthlresbbladmlummw a correlation

ositiv r | p F Sem; it
oo HAbA 1 B B AP A B
waidi expesdst asedonchtheeshtildrealoe @ndld gormglatjon between variation in the

orlefﬁaygﬁ H tﬂ@ltﬁlgﬂ‘gﬂw&lf&ﬁélﬁf gtlén le?ée%'&l@l%t(ﬁrﬂ &¥Eshold value.

trve) orward positive
or| ent ation of the t hi gh may be neasured

{ vandioRLORGk lv¥|u@§n%f§>§gﬁ$ut(-lj19“ posi tive) and

sagitt positi Irections. The nonitored
accel eration of the thigh and wai st may be transforned

| NtrRe sWBsil PESHORNAEILDRAY HRrdrRit 8lsgon and the

correlation between the variation in accel erati on of
the thigh and variation in acceleration of the wai st

MBY hB ehiFtPihpsdHoEGhIUG HiayTraRsd to the transformed
t wo- di nensi onal body or| ent ati on. The nonitored

accel eration of the thigh and wai st may be transforned
| NTaet decetbra®dls iod Nk b@ynw et abhmed/eg@aaimeiegjnagy as

{x7s: vertlce?l(o%wnwar pos[hvg) Yrs: ateya\ltﬁ(ngh% posmve; Z7s. saglt!%‘ efénNard positive)}

The acceleration of the waist may be monitored three-dimensionally as
{xws:vertical(downward .positive); yws:lateral (right positive); zwssagittal (forward

positive)}

The orientation of the thigh may be measured two-dimensionally as lateral

(left positive) and sagittal (back positive) directions.

The monitored acceleration of the thigh and waist may be transformed into
two-dimensional body orientation and the correlation between the variation in
acceleration of the thigh and variation in acceleration of the waist may be
determined with regard to the transformed two-dimensional body orientation.
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e= sqgrt (1-( yTSorWs * yTSorW5 )), and ctegLAt=atan

(ytSor}ys /e )*(1 80 / pi). The correl ation between
W 2008091200 i n accel eration of the thigh and vaPCESGTNG/000027

in acceleration of the waist nay be determ ned over a

first data segnment of pre determ ned sanple | ength.

The sanple length is about 20. The correl ati on between

variati . > — hi .

{ 2B ahSfchls LB BlahER e it ah el A BB rhetormed oto
two-dinensienahbady efieriatialedegsi: dedl s&fpl e | ength. The

sa e length may be 80. The nethod may further

conp ﬁAgeg%gr(?ﬁ‘l”f’ﬁ/rjfﬁ""’éﬁﬁgée%% ck step in response to the

f allk- detecgtio accordance with a second

aslgegteﬂgﬂ%;rﬁ”é”p?@gg'Sm' a:ngventi on there is provided a

sy gbgmtaedn (fﬁjws-/@}‘r&@t)/@ﬁt ection, the system conprising

a first acceleroneter for nonitoring accel eration at

the thigh of a person; a second accel eroneter for

O Fink QlotBRiBk behid < VR atidh if BScadbfidn 8f thE8igR @ Qariafion in

qyro.scope for nonitori g&on_ent ation of the"thigh of
acce¢lpatigarafotie WAt M3y beedaleimiedpvet 2 first iats isegmegh@f pre-
detsvRiiALAGE ligeiet ers and to the gyroscope for

detecting the fall-onset, the processor being operable

to detect the fall-onset based if the orientation of

t hahtkagiplekagrds aBolii 2%t t hreshol d val ue and a

correl ation between variation in acceleration of the

thigh and variation in acceleration of the wai st

ex Jhedmrzlatieadretweon eahiatiah inatheecorsamibteoncair thel thighoand a fall-

temglgﬁem@%ﬂ?t\éﬁ{p :ng%)} YL iJét%J}ﬁne%r io%gF gésis%g?rﬁclg r%ﬁ? h%%srﬁ%rintggfj pre-

al - e variation excee
deteraiingsl BRIEE [EDESCRI PTI ON OF THE DRAW NGS Enbodi nent s of
the invention will be better understood and readily

apparent to one of ordinary skill in the art fromthe

folﬂh@\ﬁian‘@lel\keﬂgmaﬁdbgéb%‘tg%n, by way of

The method may further comprise performing a feedback step in response to
the fall-onset detection.

In accordance with a second aspect of the present invention there is provided
a system for fall-onset detection, the system comprising a first accelerometer for
monitoring acceleration at the thigh of a person; a second accelerometer for
monitoring acceleration. at the waist of the person; a gyroscope for monitoring
orientation of the thigh of the person; and a processor coupled to the first and
second accelerometers and to the gyroscope for detecting the fall-onset, the
processor being operable to detect the fall-onset based if the orientation of the thigh
exceeds a first threshold value and a correlation between variation in acceleration of
the thigh and variation in acceleration of the waist exceeds a second threshold value
and a correlation between variation in the orientation of the thigh and a fall-template
variation exceeds a third threshold value.
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exanple only, and in conjunction with the drawings, in
whi ch: Figs. la and b show a schematic di agram and a
wp@b@soInespecti vely of a system for fall-onsetPCT/SG2008/000027
detection according to the exanple enbodinent. Fig. 2
shows a flow chart illustrdting a nethod for
fall-onset detection according to the exanple
Ett%-:g | HEED w neasur enment graphs of
BRIt‘E e ne‘?ﬂﬁ[)ﬁglgﬁdéggste h?‘or fall onset detection
according to the -exanpl e enbodi nent for different

r e EPRsIdirMEntt ¥ Ithéfﬁ@?ﬁtfdn‘lﬁlll el btted %néé\@td‘odSJWeadny apparent

measur enent gra normal activities.
to OB QIraNaDHEY M I S dFFPh i fRG TP Eeh EeSe g aPbavey o
exarﬁ*nﬁfe driy,land lhl&éﬁjuhétldhh,ﬁtreméfmé\ﬂmgﬁhﬁWH’ﬁ?ﬂt Fig. 4

Sy ElmieRnd & PR & SRR, BAOR BRI Pl [gecively of 2

systeaxfanfiliiorsabaestectont accErcgng o thhewsmalegeralpddimentreans and
standagd_,devi at Lons of . f I t
PR AL B Iy R Rl B0

accadtr@;rtditln@examplh@nﬁooaln'pém enbodi rrent Fig. 6 shows a

h%ﬁttoquhév‘/ lnlrésats{xf’éﬁélﬂ e%? &%{ Me%e&@b lanQr%Erem for fall-

d tection according to an e enbodi nent
ons@ESSRETTN ap¢oTdiag d@stbe reléﬁémpéﬂ‘rﬁﬁ‘@ioﬁ@?ﬂnt perodiffaent aiespectlve fall
sce sabl e real-tine systemthat can distinguish between
al nt falls versus normal bodi Ity activities at their
on&ig- erangdshoysppasysersent Bark fof Remu sstivitiey 4

Cowm PGB OF I eiditP SAAISs FNG rEBIHad tdiepiged FER, used
during the lead tine 1n preventing the fall or

‘”*hPé?&B'E‘Pl?ge"Ptl‘?@"%eé\}erl ty of fall related injuries. Some
- POIFig. oNshéfs ephe e iditqaition poits ¢dr thelrmewsd aine system for fall-

onsgf %%g#tfohhc%gﬁhwq%ﬁ&egm%leﬁqﬁﬁiﬁ%g% icnr ég: gge(rﬁ ations

of Fig. 5 shows a graph of means and standard deviations of lead time for fall

- detection . for the method and system for fall-onset detection according to the

example embodiment.
Fig. 6 'shows a flowchart 600 illustrating a method of fall-onset detection

according to an example embodiment.
DETAILED DESCRIPTION

.The described embodiment provides a wearable realfime system that can
distinguish between faint falls versus normal bodily activities at their onset stages. Upon
detection of the onset, as a consequence, another feedback system can be deployed

during the lead time in preventing the fall or reducing the severity of 1all related injuries.

Some portions of the description which follows are -explicitly or implicitly

" presented in terms. of . algorithms and - functional or symbolic representations of

operations on data within.a computer memory. These algorithmic descriptions and
functional or symbolic representations are the means used by those skilled in the data
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operations on data within a conputer nenory. These
al gorithm c descriptions and functional or synbolic

w0 e@seseat ati ons are the neans used by those sRCT/5€zhos/m0027
t he dataprocessing arts to convey nost effectively the
substance of their work to ®thers skilled in the art.
An algorithmis here, and generally, conceived to be a

pro&%gfnp GRS % é&%@ n%%ﬂymwew{he%hs&anéee&% ngr‘R tﬁ oftR L8R in

t. The steps are those req UII‘IH%
the genf\R glogrithghs *19re g geparelly sanesivadds esamﬂf-wsnstent sequence

of s&pe tdddirgab a dBREE®HsAt. mhe%mds%é th‘é‘sg ?eﬂiuﬁln@%%]l:& n?efnlpulatlons
transferr nbj ned onpar ed,

of pg‘é/ﬂégvﬂ“éé{'th"‘én Pt &t slgot ”Ei%l B‘@Q“%‘L?e%ﬁ rtica) pignaly a%:@@'e of being
storetl temeafesred, @ombidsi, apppdredtandrotierivide niliguptedg, it will
be appreciated t hat thr oughout the present
. speci fication, discussions utilizing terns such as
" c dlrdedsapenifjtally ‘Sthddceothemiiseg dnd ag eperaitifiogl the foIIowmg it will be
appr&%%& fﬂﬂ?ughgut tﬁ@ ﬁregélh%yeélﬁgaﬁgn ta?sc‘i,llsjsq I%Cl.‘itl|I? e%?r ns, S&ICh as

processes

Calalé%ﬁr@e ‘detegminingni mneaat@\g aﬂdpwmmsbmhﬁélk@la‘e&r to the action and
proée%gésegﬁat@&naﬁerps%%én@a& SHﬁlFrt b{ebﬁ&.wdbtﬁbé‘ tthg? AR and

eminto ot her data sim represente
tfanﬁiyﬁwii e reprepented asphysical wmh@swwuﬂﬂércowgteé ﬁys@rm into other

datPEiRGarY REeSEdPEs Phicd @;uar‘itl’t@@%ﬁhﬁﬂh‘é%&ﬁpu@ér%% or other
devj ces. The invention al so be inplemented as

'"foﬁ‘é?tlﬁl\ﬂéﬂa%&‘@f@g'ss'%Péd'}?)%{ﬂ fvifesr, in the hardware
sense, a nodul e |s a functi onal har dware unit designed
nodul es. For

f nents, or ampl e,

TR e e T A e AR BTt o Pt BPAIg. o oo pgrGeutar,
in tloo hpaivard senser ai modmm i aﬁmmOMrHar@ﬁBr@fun&rdee@hem gor use with
Oth(%l ({%%d{o?l?htg (%,: rlrhg(lg}lll?s SK%F e%gmﬁlﬁhgrrguaglﬁ%bh%{] be plr%%,emented using
discpaie sldsirbhici wsperens,. orTihose faki & Ippdicnnoft dreeatire etddtrbnic circuit

sucﬁ‘ggr ﬁ%ﬁﬁ.@aﬂoﬂ% fetcﬂ @%@'r f;e@a(ﬁg;ﬂlt ZA%I% b?\ldn@% sngtpué Tﬁos%%llltles

conbi nodu
eXlSt:Ie§ bedepeidiedrin e antmill apoéaiate shat iting eys&dem &an aalqortmms:daemented

as éwblﬁd?%ntohh%ﬁi%gdm%ﬂ\gg Sm&gﬁesgo beyond certain

hreshol d angle 1 n forwar si deways directions in
nornal activities and this abnormal behavi or occurs in

f aiThk dce@bﬂllﬁedf&ﬁbéo@fhéﬂt efxﬁiolts GRerlia d§bl=°é?ﬁléé’ﬂwat &J‘ﬁ\rg‘ﬂv@'g%ent

mbodi nent. i s shown in Fig
doeg, nowpf’t fPﬁVQnd §%'F%6Fhr%~°é1°'d(#sje inGarveBHAT Hdowe dwmtm wormal
actiitgs, andQRigdbadrnidh beavidx bbculd RIFaIRBRIN 52 fhint fall onset detection.

A hardware setup 100 of the embodiment is shown in Figs. 1a and b. A thigh
sensor set (TS) 102 contains one MMA7260Q (x4g, 300mV/g) three axis micromachined
accelerometer 104 {x:vertical(downward positive); y:lateral (right positive); z:sagittal
(forward positive)} and two ADXRS150 (+150°/sec) yaw rate gyroscopes 106, 108
measuring in lateral (left positive) and sagittal (back positive) directions. One three axis
accelerometer 110 is included in a waist sensor set (WS) 112 with similar sensitivity axis
setting as that in TS 102. WS and TS 112, 102 are attached using Velcro 114 at the front
of the waist and at the front, slightly above mid level, of the thigh. Eight channels of
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accel eronmeter 104 {x:vertical (downward positive);

y:lateral (right positive); z:sagittal (forward
w@omsnIne)} and two ADXRS150 (1507sec) yaw r at BCT/SG2008/000027

gyroscopes 106, 108 neasuring in lateral (left

positive) and sagittal (badk positive) directions. One

three axis acceleroneter 110 is included in a waist

sens®#NEsE SRS sfa\/?@edljag Wtéénﬁilég/ée%f rﬁ@nﬁiidl'tﬁétbﬂc%é& ColdFire

in TS 10 , 102
m'“é???’ﬁ'@ﬂgrd?f?s °h Ea*eerrre?easmuA%EPh@ Sr Wil ightodp wpRn dededdion of the
onsetrdifedit the front, slightly above md |evel, of the

t hi gh. Ei ght channel s of sensor data are sarrpl ed at 47
sanpl es/sec rate into the MCF5282 Col dFire
m dicoocontraler ¢16 bify Heocorhetmbler oeesshpgater AdtwdADviA EBsuitable

"a”%?f‘%%%r (A, 16 B JebECld 81, Ble iemBESF g stk svstems
suchhegswkaecali Area Netwaik éLANhn@rceWrder Adex i Netwdrlo (WAND e The
Micrde6@Fslick @1§1r9thet$én4l{£5 ﬁ’nEMEE % /g’\ﬁcg%@f)v%aﬁg\% %s%rmﬁmory

such as Local

(RAM)\&QF 2 Read \Prly ddemerny JRQM).- 1Il5e |M10l10|senfe©d@rrﬁl1§ alsrcingliides a
numbep bﬂﬁ\@&ﬂ@btpu@ l@ﬁlﬂ@ﬂﬂaégé: €¥Re V@r‘ﬁBBb{er(t%Mheaﬂférgcoﬁ%ﬁjer 116

¢ %Q Xﬁt% The Mcrocontroller 11
yPig Xﬁ?&‘@?“%ﬁ nBRrbinteTRpRASSSS Bus ang/ i) 2 el dgewn to the

persbheskiizapiartastreleobnt fie  Nher MBAticH %l%brailrﬂ@ort ¥R ﬁlﬁi};{)ﬁdrflnn;troller

nicate Vi connect ed din
16 0 SRS S toted B kRl SaPe oo B ahS o e apcation
progn@pllss ozed @l qordgiledrin itsrexebetidvl by heqitbégdsber 116 is
typically encoded on the RAM of the M crocontroller
116. The application programis read and controlled in
i t Eigexleshowsthéhpradees fiowc2Rs of .theFiogsetsttbctm dlgérithm in the

exarﬁﬂgcesénqu%%r%oo of the onset ?IﬁEﬂ%Ctl {J‘n%oriécré@eircpmeters

e exanpl e enbodi nent . The- sarrp t he

(sz@)ssml(lé,rZ%@IJ%(s) Q/%(l()/z),,,(z))otﬁor(ad)as Bifierdd HataxaSstep PO, ¥@ low
stored as buffered data at step 202, are

pass {ikroshagi s PyiplEeauancy 3 Lo ST ocueig b by 4 sios 20%and the /
samﬂ@ &f BRURrodc8p& ?comHz(z)%SﬁSG)es‘P Wé%%%s ZE)[]ﬁl &l %8!at§ r%HZI‘ a%f band

t he gyroscopes F'6F &
a padsfiltered with epss?lﬁb?;d tteedraol BlzRASD. 5 HEtag 5@6 mtﬂrellﬁxfesmqpulse

Resiiie @ROHER: fee o i MR 10 tud oBkble FREPPTEPRIGH the
acceimattdmesae)mﬂﬁyhre tembiodnedkimta tweditnensibeal degrees of body orientation

at step 206, measuring how many degrees these body segments are deviated from the
vertical axis, e.g., standing is zero degree and lying flat on the floor is ninety degree,
using the following equations,

degsac(rsorwsy=-atan ( Zys, s / Xpgos )(180/pi),
&= 8qrt (1-( Yrgorms ™ Vrsorms ) and

degiat(rsorwsy=atan ( ¥y, < /€)*(180 / pi).

If degsac(positive for backward rotation) or deg ar(positive for left side rotation)
hits the threshold value +10 deg at step 208, fall is confirmed at steps 210 and 212 with
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accel eration sanples are transfornmed into two

di nensi onal degrees of body orientation at step 206,
wore@sei2ey how many degrees these body segnent BCEHE€2008/000027

deviated fromthe vertical axis, e.g., standing is

zero degree and lying flat 7on the floor is ninety

degree, using the follow ng equations,

o B O SRR B SR VB XTSRS o000

TS _ so / | f
{de ﬁ%@i@cggéﬁf@ég (19%%'%0\,\&}1&!@& at |l)0n)' o] ¢ W);dN 19}, where
deg@N GROUtCHR h&Rt bEbhset]l fiEm" RIALLNY dakd it tsh:,% 210, and the

threshol d val ue 10 deg at step 208, fall is confirnmed
corralatiart epp , 20.88)ankbkt@édéh witehcibaride! passonfilesf f gyrbmzube( segment
0-8) of Two angl e data segnents, {degTS (-N +i);i =
{@(ON.1.1);i R d NVandl\oF 73n dwifete guk)) (is Nhe- de)ected—pomwt of, QrNah cHNd its
ere det ec nt _of o
corinyg e 8Bl or 0B BhEC S8R, BorBlarBiES! o e
undénstood. &8ihabetiseted pdsitive datdrahsamttdl | depereeshrgpyle s copaated with
leﬂ/ﬁ&&%m da{%ﬂ Nef" rc);nce teng;?late ah?ngé\{ecateg 9}|e atn%‘ega‘?n .O'awolves
tecte , or r espondi ng
corre'@ﬂ@r@ﬁtenglet{fprlvwdefa(lmfewnngynplaﬂer e, the wor d
“corresponding” is to be understood as that detected
positive lateral/sagittal degree sanple is correlated

wi tihtheepample fBedimant aenaratefcerrelaiens orfsterale(LAmyand sagittal
rotafiHich (8 /AT) MBERhdrHEarAERUfatédIVel H&ﬁeé@ﬁléﬁr%'a‘ﬁﬂ de LDy, on the

rlght/forvvardfall reference tenplate n the exanple

one i AnddIstveenddsdeae a9 de8satisons for |ateral (LAT)

and sagittal rot at| onal (SAG) novenments are

calcul ated, i. ween 7-rs and deg r s on the
ond "gd&E (13ﬁoﬁaelwhb%e@§ % QMRS dags A5 FraimultpRgously

abopgh SaCaiP 8 B Y st e SDve chiECudiham Bogheh reroe

sarr@leearavelsme‘m Oed 90 Hegred = tetidgh ratates &rainy0 tohiSOtduggale in fall
actl\ﬂﬁ g%?er 1°" a%s &nﬁtgvg ét&%@{)fo?qﬂ\e c&%m%g 51’, ?F oss %S %(ample

RS degree I n IVI |es
emb@denéraldryrmeasupog tHesslade ofrthe Basplefas((db@e dkg)’_l;‘)l/ Fyvatheddn deg; is
process in the exanpl e enbodi ment, by nmeasuring the
equgl| *@p@ Qelegrae S%w@olasaquﬂggg for @p@ _samples) are gieieted within
211488 samPling interval before the next i+1" sample is taken in. Compared fo using
integrated gyroscope outputs in measuring thigh angle segment rotation from vertical
axis, integration errors caused by noise and offset resulting in integrated values, which
easily passing through the +10 degree threshold level even if the subject is still, can be

avoided in the example embodiment.

- The process loops back at either the “NO” decisions at steps 213 or 214, or after
the LED (118, Fig. 1a) has been maintained or turned on at step 216, to the next sample
in the data buffer at step 202.

In the example embodiment, false alarm arising from movement of thigh in stand-
sit transition, similar to backward fall, can be easily identified and rejected by means of
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equal to 10 degree. The whole algorithmfor the /

sanples are conpleted wthin 21lnsec sanpling interva
whedosnegi2ehe next /+7th sanple is taken in. Conpar/e62008000027

usi ng i ntegrated gyroscope outputs in neasuring thigh

angl e segnent rotation frod vertical axis, integration

errors caused by noise and offset resulting in

low Ianécﬁwléﬂbﬂ Cbo\éﬂilciéﬂﬁ restt’fhé hro%ﬁ%bbdéltg Qﬁ@eﬁganish b éﬂf trik in
e threshg evel _even If the subject 1s stil

Suc%ﬁﬁ'v&(cg{?@?@eﬁe‘?srﬂ%@ %)xan'pl e enbodi ment. The process

| oops back at either the NO deC| sions at steps 213

or .21 r 1 ha een .

naiF%‘{' gsla nsgawg Ithlg u?ﬂ@g rcle')tEtD f1 an frap é(ﬁrtlﬁile)ams( rqqpegquxtpe correlation
coefficiamil & the argle dathsscpoichierfrah T epd 202 .(grlaph t3oe), aKk&Ptdecope
ousSTRGTIOD; abd 5 A TR (AT PR ) o B
passBlteseds putput of et dighite damplds ||(H]geiegmnbgnmEcmr&sbeMgareference
tem@SISie’ BF at éth'ﬂlla effthgﬂg%ll Fo‘:r‘ EHJQeé &ae Hfglfy I-ﬁ%h correlation

novenent s of and tr u such actrvi

coef§eients oD 1), aztlzc)a,caﬁlbg seaalrslheMI atchvugfh angl e rotation
fromvertical axis (graph 300), the correlation
coefficient of the angle data segnments from TS and W5

( gFﬁJD Bb3BSWs tHiGte alylé @c&ﬁﬁmﬁfr&hﬂv@%al(e%sa@haﬁnc&b& tfé ‘éorthQtlon
r.el blon coefficient (indicated in z‘
coefiflteor e SaE S 1<EpEaNs T R NS (GO 22k e Gyroscope
outphb(gga;ﬂegm%)nﬁncam (io}ntélaﬂ:ieg b@fﬂ)@ébﬁil (ﬁ@loé%ﬁiah%fﬁ&;{h $ﬁmb|f #HeCband
side fa at e
pasq, filorél S4B HeBibidri) bafbiEs InrSissampn it Sesrosaanadisterpnce

templale foeassyenlated lefiesideafall fa:calsuhmlyted Fight sidle fainowsigh Bo@dlation
otation fromvertjc xi s (graph 310), the
Coef?c'gr?t%f)gﬁe&)ﬁn‘gf@a‘clap@ieéﬁ?n H‘ftﬁ? a&ﬂﬂg'e data segnents
fromTS and W5 (graph 312), the gyroscope out put
graph 314), and the correlation coefficient
(i Fig dashews Higly angie stajondtom Wertibalretisgszmhfd20), dhe dorrelation

coeffisibRWr tAé aﬂBIeedaths\é SRR ot lT%nanf WE&EPI‘?%? j[,ttr?je gyescope

orrespon I Ng ref erence ter%)
outplf {gearPig34)f 10 hesiorralalion o igient (idigateridn lgrapki 3A4) of the band

pasChilteréd @lth@rbf %ﬂ@géHt)‘Pé&ﬁélés leng %Sﬂleﬁlnéhdqi’g SR s P RRERfdrEhce

h angl e rotation

temiiolg oG 8 4T dafedst SR 3 207ateR GagG T Tak | biih comelation

coefficients of p,, and p can be seen in the fall activity.

Fig. 3d shows thigh angle rotation from vertical axis (graph 330), the correlation
coefficient of the angle data segments from TS and WS (graph 332), the gyroscope
output (graph 334), and the correlation coefficient (indicated in graph 334) of the band
pass filtered output of an eighty samples long segment and its corresponding reference
template for a simulated left side fall for a simulated forward fall. High correlation

coefficients of p,, and p_ can be seen in the fall activity.
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coefficient of the angle data segnments from TS and W5

(graph 322), the gyroscope output (graph 324), and the
we@eoosedreei on coefficient (indicated in graph 32a)/S61008/000027

the band pass filtered output of an eighty sanples

| ong segnment and its corre$pondi ng reference tenpl ate

for a sinulated left side fall for a sinulated

bag:lf% Qhéﬁ'%grots"%igmleC&{)ﬁt@ ?rni RR 16 IGﬁbef'Jfér%h&n é‘@%‘aé’gﬁga“g fall

seen
(curveBEM). Hetyifdl (ewvaBfdh baekoll (@t %644 aastfrgnt(fgllésweﬁ@) used in
the EREnAQEMBb@MeAN coefficient of the angle data segnents
from TS and W5 (graph 332), the gyroscope out put
(graph 334), and the correlation coefficient

(1 nrog.cay @Iﬁbvi/@tl”ﬁkj’rﬂﬁhglg%ﬁatlm filohe véried] H@s frapt Baogthe lateral

conB DR ST Y PRAE BT AT BP0 ToPnG IS (Htecla 2 349)

and&héigyrb@dobeﬁ)ufpua(fgsammm and é@rreéﬁibd cbeffitientiingizated in graph 346)
t .
of t?%éal? a%as'sofnttef:egie Jtplélo?% g a[l (I)G(%s |8Ig§i) %(tgggm r}ts %ﬁ(ﬁ] tipe(?r %C?I% pé)rQ:hng

refeseétitp | t€@platB Jor ﬁdrﬁfae Eﬁtﬁ/ltteerrpb alves fduad tb ebfetIO\ﬁ/ah Ino(rﬁal ractivities
360), right fall (curve 362) back fall (curve 364)

albedinttle corertpohdihg of cUmovalBOi6Yy, aresmdasiondip @ighx advgpthe thigh angle is
enbodi ment. Fig. 3e shows thigh angle rotation from

0 degsee fog atandinp osiyreapriy U dggree F sittindopasiture.dhe epgittal@ngle curve

is sﬁfﬁ@fnb'b‘é{mfé% ﬁnd@'&éé@r@@(cﬂn@%ﬁﬁbﬁapﬁ r380). Bat &8Ad g\@transmons
graphs 342 and 344), and %Frosco pe out put

simigrd9 baetevard falgs ‘é{?reo?VCE%f‘#IV (f?J@ d in fgi @3mele ?'ﬁb%‘?'ﬁﬁﬂt using
the W&or%ﬁaﬂb”@o@%ﬁ&t@aﬁs fhd pered output of 80 sanples

'ong segments and tH& r cofresponding reference
tenplates for nornal activities. / was found to be | ow

) Fobndg b LS ORI b0 SRR e e
corralagbre co@‘f@erﬂ @efj apgle fdata ségamshits)1ffonoRs end W cgrsmmsd@@ ael 354),
{ [ =

ancdft albrsoB oebEEie o) 8of Al BRI GiEI oS grpn 350

of ﬂ&seamd Pass filtersddewput of rB@nsimplesniong segménds and theacéoreasgonding

rrd 3mSR PP L ARk o o

wsoBifh 380 e S BRI, 2 Aol . are
oﬂcgé}&{é‘]%ﬁf ggnt of angle data segments from TS and W6
(graphs 352 and 354),

Only two- in thirty seven front falls during confidential simulations were not
detected and resulted in 94.6 per.cent sensitivity for forward fall, and 100 per cent
sensitivity for other falls with no false alarms, where sensitivity is computed as activities
detected (35 forward falls) divided by total activities (37 forward falls used in validation).

Fig. 4 shows the correlation coefficient relationships of falls and normal activities

in the example embodiment, where p,,, is plotted on the y-axis, and p _is plotted on the

x-axis in the respective graphs 401 to 405. 216 data of normal activities were plotted
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and the gyroscope out put (graph 356) and correl ation
coefficient (indicated in graph 356) of the band pass

wo pdoseyeel out put of 80 sanpl es | ong segnents aPdI/SGEI08/000027
correspondi ng reference tenplates for ascendi ng and
descending stairs, / ? was und to be lowin
ascendi ng and descending stairs al beit the

Whitt0 W€ StAE Hilhibgl 3 detdd@idMBbihtE Ly +76 %e?&%%t&ﬁr@lpl’#}évels in the

two in thirty seven front
CO”@%%W?H%HW%EV“Slnulatlons were not detected and
resulted in 94.6 per cent sensitivity for formard
falj, 100 - cent enS|t|v ty for other fa
w O 5 Paren B, BT unTr Bnecsiche hoirey bt deudd aonts

wer@dbdated WRBindAE ecé£d 1038 bOr wat® f Bbth Deird bslRdthBY respective
total activities (37 forward fafls used in

threghgld elsorly) corftiagt, fat eshlowé thetuifferent fall snenannsc(gaa_‘phs dDR1d 405),
all i rﬁthfeHCleEprg&g I&’éntlﬁ" &) :ﬁ&u@athrb%he @tgttetf‘t;éd oﬁﬁs ir’ﬂthghrgspective

exa i ment
Qraghsawtlgtheaqxgequn,oﬁvm @ﬁt[vélgs f_m erw@rckfa&kqomnare grtaeh 405). Forthe

two '@SRLEdeY AclitRRN & \ﬁé)slf&ﬁld“tﬂgt w?@h@ ﬁ(ﬂ‘fﬂﬂeﬁt al %%L?Eﬂons the test

activities mere G'Otte
irst bR

PerspaRs: kgeling Orfoth@é gr}l%aéeti I’ﬁ'?eérs*mﬂ'@? iy lfall-mattress in
the lfchﬁ/af:‘d)ﬂfrecﬂl@ﬁt l Aé vfdt{ﬂlhbét épﬁi’r‘écilat@@t iﬁalﬂ}é%ﬁngs g@?nf fh‘é”thlgh goes
none o e nornmal actjvities detect
et iR Hie eaatdl i GEyis forRe SRV S cormelativs eepnts of
p,, thszbmenewaTthak @ethtd Bbli VaARDeRbiviRrt &Y \ﬁﬁl@édjbe S¥SreSiateiNthis
contrast, for each of the different fall scenarios

dlrthgxnacﬁffall lwliotttypldéw))‘ unedrisciousisiat fall of #d typwelia typically causes
mﬂ$H@ Jied, as indicated by the detected points in the
pective graphs, with the exception of two
act ivities for forward fall (conpare graph 405). For

‘R/IéaWQ aHg esﬁat%ﬁtﬁit &&l&ﬂlﬁh% %t eaﬁstﬂggs c%fvf’?l?s etrg %ﬂgwﬁ hr‘ieqﬁgI % The

the confl sinmu person was
methqrbef leavgtlr@l@mﬁa$urer§enw8d¢a§ed he;ﬁh& ghe défeubntmh bétwebo theetgme of

the @8{eBted Jo‘mtl anP e ren§§|ntuﬂ1 Er% V\ﬁftgutdﬁof ﬂfehte%ﬁ (Aﬁall SItuatlon

woul d appr eci at ed
(Conﬂfé?é?(ﬁ/@r t!‘emq timg Wé'cat&ﬂet aF@Wé’*m i'fsgfﬁbh/?’?@mﬂ:@@ \R&)- d and
thus the correlation coeff|C|ents of p becone | ower

h | d_val Il als
apbitect ahatle & APuctar 6B, WiekAnecd otk st By pes desecton

accmrdmgnﬁbcamexamﬂlenémbﬁdhineﬂf Athgtep Yaue, biBedleralioh GRlthe/ thigh of a
perso‘talu S mo%red IK’tl u{elpe§04 acceleration at the waist of the person is
monitored. At step 606, orientation .of the thigh of the person is monitored. At step
608, the fall-onset is detected if the orientation of the thigh exceeds a first threshold
value and a correlation between variation in acceleration of the thigh and variation in
acceleration of the waist exceeds a second threshold value and a correlation
between variation in the orientation of the thigh and a fall-template variation exceeds
a third threshold value.

Whilst fall risk assessment has been most focused on elderly falls related
research work, the described example embodiment is more generally applicable to fall
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Means and standard devi ations of |lead tines of falls

are shown in Fig. 5. The nethod of lead tine
wore@sserent was based on the tinme di fference PEL/S€BENS/000027

the tine of the detected point, and the maxi mum

gyroscope output for the rellevant fall situation

(conpare e.g. the lead tine indicated at arrow 321 in

safdly @PbersSett dfrallkigbs, |ﬁ’@l)dmg?n%az@ro%h@@ﬁvu%nﬁ“eﬁt&@lﬁﬁ tas @8Rstruction

stratin | -onset dete
steg S8 HP50ES CRROURERDTE il eRtackey Sy g the lead ime,
thatds tel tmalritanaldetvided whtinghe &l ia daﬁi:ﬁa@ﬂaridiwﬁghﬂhé QUISIBct Hite the
ration .at erson .S
foof PP R L b Ehe ek el Brord e E S Pie non
Ilmlﬁﬂgeememm sush rigauibbcle eciendd issindpnfEhle hiberbtattbr e Lhion the
gd if the orientation of the thigh exceeds a
m"¢@¥g$hﬁ%%eshold val ue and a correl ati on between
variation in acceleration of the thigh and variation
in Itaﬁ/ﬁlebee raﬁbr‘e@i%te‘af c?t Bepé@@drrc'tsklﬁ‘éﬁc ﬁ'negé &t Tk cH?.fr.jnerous variations
t hreshol d value and a correlation between variati
and{o énQS’r'fPCé‘H‘?th M@y bef maee te Hiegaresert iaventipn aseshowat i the specmc
embb@rnheﬂté WRhENCEPIFIrR frdth e ts'Bfr@QJFQchpé/ ?F Yke ﬂ%hiuﬁ{ a£ %ré)adly

ssessnment has been npst focused on el
desirises TR PRoBR CTPBRRTS Prib CRSEiEr bobo 6AsTeY m all respects to
be ikustratlieditnot festiztiee.general |y applicable to fallsafety
in persons of all ages, including in hazardous
envi ronnents such as construction sites. The descri bed
errtF@dienarnplecwh|Ieaekémplee/aBJeééedhawhrnswmeéﬁrﬂwsi dargl thb %ample

etvveen when
size, B8 b8 geblitied. Boloe aPBiel B, L AR RSy AR gp 5 ot
|lmlﬁed tpﬂ@ﬁ@rﬂnenmf%ampldsaﬂatl”@r atheri \mluesngay he lsedeleptavydlog on,
f
for PRRECNTERE SPpiatET rRohiefsy Fbishe nSBMRfert sl bibent,
OFbQU'Shl on the fall prior to inpact. It will be
appreci ated by a person skilled in the art that
numer ous vari ations and/or nodifications may be nade
to the present invention as shown in the specific
enbodi ments wi thout departing fromthe spirit or scope
of the invention as broadly described. The present
enbodi nents are, therefore, to be considered in all
respects to be illustrative and not restrictive.
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For exanple, while exanple values for the various

t hreshol ds and the sanple size have been described, it
waowdos/ope2appr eci ated that the present inventi oPCT/SGHO$/000027

limted to those specific exanples. Rather, other

val ues may be used dependi ri@ on, for exanpl e,

different application environnents, different
CLARASUr ement equi pnent, or bot h. CLAIM5 1. A nethod of

faI I -onset detection, nmet hod conprising the steps

T-moniA Biethieg! ‘Hcf%'éP'é?%@?Fﬁ‘?t“a% thenmethpdgeraprising e stgps of.

rmnhbmfdnng a@@@le@bataltmaatmghtdaa pedai; of the person;
noni t qQ orlentatlgg\@?f t %thl h of the person; and
det'B‘B'?'{ol‘i'ﬁ @geelpation gh hie waist qfie BESERt ati on of t he

t hirgtnitxiagetientatibh bthetthigk ol tHethersdrijanand a

cor eﬁecgl ‘% F?Itvveeﬂfvarl ation in acceleration of the
thig g Q%ﬁa‘%’]ss "in acceleration of the waist

exceeds the saemiation dirtbs oyl exadede adfirst thresbpideladited amd
between Aol BliBl bkl MUrl-88h 3h' BBdilialibf SR ABBR and

dorf
afaII-t e vari atron exceeds
varigpn . aczelefm@nﬁtﬂh@wa&s exdegideadecand thagshold valheredn

t he firsg c&r}ﬂélgﬁapbgt\n)é@n%ri'aﬁoﬁlﬂpme %Hﬁnétloﬁr ke g@%}h&@' and a

claimed in claim1 2, Wwherein e secon
fa"ﬁmré@mad'am eécqegsaﬂbu@ thgegi®!d valughe net hod as
claimed in any one of the precedlng clalns wherein
the thir thr?FhoI value is abou 5. The net hod

as <l ai RINQA\ASHRIMS 1§ REIPr e&‘@&r‘ﬂ@ the fiskihresild walye is

aboubei@ccel eration of the thigh is nonitored
three-di nensionally as: {Xrs:vertical (downward
positive); y S:lateral (right positive); zr s:sagittal
(f @ war d'headethiod &)s}claimed in claim 1 or 2, wherein the second threshold

value is about 0.88.

4. The method as claimed in any one of the preceding claims, wherein
the third threshold value is about 0.8.

5. The method as claimed in any one of the preceding claims, wherein
the acceleration of the thigh is monitored three-dimensionally as:

{xrs:vertical(downward positive); yrs:lateral (right positive); zrs:sagittal (forward
positive)}

6. The method as claimed in claim 4, wherein the acceleration of the
waist is monitored three-dimensionally as:

{xws:vertical(downward positive); yws:lateral (right positive); zys:sagittal (forward
positive)}

7. The method as claimed in claims 4 or 5, wherein the orientation of the
thigh is measured two-dimensionally as:

lateral (left positive) and sagittal (back positive) directions.
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6. The nethod as clained in claim4 , wherein the
accel eration of the waist is nonitored
wo booseotemensi onal |y as: {xivS: verti cal (downwaPdI/SG2008/000027
positive); y s:lateral (right positive); z"sagittal
(forward positive)} 7. Theldrethod as clainmed in clains
4 or 5, wherein the orientation of the thigh is
nmeasur ed two-di nensionally as: | ateral (I eft posi ti ve)
and sagi ttal &back positive) directions. 8. nmet
asBcl ai Rl methagkhyasoRl@ieRd &) FNHCne Pb C@'mweﬁ%.ﬁm Vv*h‘%e'n the
mon{i@ﬁéut%c@!éré’t%%d tf&h?tthlgﬁ At wdist érblt%hgﬁjﬂﬁ)edﬂhtt&ttr@licﬂmensmnal
ransforned into [ 0 ori.entatio
body RESRGHPBIAE (i HUTIREN bABegh: e\ P 1 EaP PN off the
thigtofanti hearialiog hn andelesatioat ofothel waist &eHeteahined with trgard to the
etermn ard to the transforned
tran%\@agn%q {’Péong'i”beﬁgfonﬁ %@ﬂ“?r,egﬁ?%ﬁ on. 9. The nethod as
claimed in claim8, wherein the nonitored accel eration

of ot he ﬁ'n %tw%%'a%eﬂn%lélﬁ@%ﬂrgﬁg & mo‘ﬁ tored algceleratlon

tvvo di nensi on rientatidn cte
of the/ tbigB/ABe- \aalaham&mmn/ed antpHwp mnﬁrpﬁl?nal émdy Wﬁf@@ﬂ%degm,
deg/e)as( 180 1pi). 10. The nethod as clainmed in any one of
tthe preceding clainms, wherein the correlation between
vadegbt«fea’tanrﬁz,@(;;,gélxm@t)’i(iﬁﬁlmf the thigh and variation
in acceleration of the waist is determ ned over a
fi pS8Udht-bVsegienimol 3fe- det ernined sanple length. 11

. The nethod as cl.ainmed in claim210, wherein the
saﬁﬁ?LéT‘Ia?ﬁ‘g(tyWorWdeggé PYo. 12. The nethod as cl ai ned

in any one of the preceding clainms, wherein the
correl ation between variation in the orientation of
t hd0t hi ghe anefhed gl ¢laimeddn ang one of the preceding claims, wherein

the correlation between variation in acceleration of the thigh and variation in
acceleration of the waist is determined over a first data segment of pre-determined
sample length.

11. The method as claimed in claim 10, wherein the sample length is
about 20.

12.  The method as claimed in any one of the preceding claims, wherein
the correlation between variation in the orientation of the thigh and a fall-template
variation is determined over.a second data segment of pre-determined sample
length.

13. The method as claimed in claim 12, wherein the sample length is
about 80.

14. The method as claimed in any one of the preceding claims, further
comprising performing a feedback step in response to the fall-onset detection.
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15

variation is determ ned over a second data segnent of
pre-determ ned sanple |length. 13. The nethod as

waebk@soet2i n cl aim 12, wherein the sanpl e | engtCT/SG2008/000027
about 80. 14. The nethod as clained in any one of the
precedi ng clains, further tonprising performng a
feedback step in response to the fall-onset

dejct i QBystam fbr RUINSER de¥ectioR! Ihe@ysRim Q&h?ﬁém@n t he

system conprl sin first accel efometer

mﬂ&%?wﬁer&w&&?wp@w@e aoReletatiegirt sie '%b?fs?o??fS%P

S e4 GdoRE CAICBIPORERY fHPIMERNBIhGT ddt@lcrstiRl @t ahé ONaist of the

the wai st of the person; a gyroscope for nonitoring
Persgii entati on of the thigh of the person; and a

pr@gmwpecmu p10®domn£g drintdtionsdf tlaenthigreafahd person; and

accel eronet ers ros i.n
f af IRBREEP” CIOHB%§ %ssErStg%ldgggg%er a eégrt%hq%gée%e%?& ? (Eethe
gyro$edpe- fon :detedbag gl iféll-oeet,otheeprbegsson beingt prerabledgh detect the
fall- %g fi rst threshold value and a correl ation
qb vveen varl ation in acceleration of the thigh and
var i at i tba arigntadier béthgtthigh exteedsea kst E?Fefé’»@&eégﬁe and

second j r@o‘?n%lﬂloﬂ behrnaQgrifiohO H edc@élbpdiloﬁebmﬁ@ thigh and

variation in the orientation of %
varigtign|in pesaigratien 9%?&%@%@@%%%9%%&1@3 ?'HW@&WF@

val ue.. a correlation between variation in the orientation of the thigh and a

fall-template variation exceeds a third threshold value.



