1 Method And System For Fall-Onset Detection FIELD OF INVENTION 5 The present invention
relates broadly to a method and system of fall-onset detection. BACKGROUND 10 Falls and
fall-related injuries are the most common cause of injuries and hospital admissions for trauma among
the elderly. Among the causes of falls, fainting (syncope) is one important factor in older people and
also related oftdP 18" tiHEXptained and recurrent falls. In these circumstances P4 W2 41518%¢%tem
competent in faint fall onset 15 detection will offer grgat advantages to elderly health care in terms of
reducing elderly health care expenditure, and helping elderly with fall experiences rehabilitate, regain
confidence and independence in free living conditions. In Ge Wu, "Distinguishing fall activities from

normal activities by velocitm@@armiwaﬂgﬁgglggﬁ“j%g%@aﬁ@g%é@ : 33(11) 1497-1500,
: &

detection of falls before the subjects touchés 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, -FR20012808609, US2006214806,

W020060802?§EE§§%05%<%§%3 , US20036611783, VV0198800007350. 25 US20060001545A1 and
e detectio

U32006049950 prop Nof fall before toliching the floor using accelerometers. A threshold

level for vértical acceleration, 8m/square sec, is set which is alleged to distinguish fall from normal

activity. However, in pidasrtedeteskanarticaliasorleatian of Sevsaiiare see:drastically theperson
would have to&g&g&cgp a more than 450 rotation from the -vertical axis. Therefore, in this scenario the

fall has 30already significantly progressed before detection is possible. SUMMARY 5In accordance

with a first aspect of the present invention there is provided a
BACKGROUND

10
Falls and fall-related injuries are the most common cause of injuries and hospital
admissions for frauma among the elderly. Among the causes of falls, fainting (syncope)
is one important factor in older people and also related ofien to unexplained and
recurrent falls. In these circumstances, a wearable system competent in faint fall onset
15 detection will offer great advantages to elderly health care in terms of reducing eiderly
health care expenditure, and helping elderly with fall experiences rehabilitate, regain
confidence and independence in free living conditions.

In Ge Wu, ™Distinguishing fall activities from normal activities by velocity
20 characteristics”, Journal of Biomechanics 2000; 33(11) 1497-1500, detection of falis
before the subjects touches the floor using cameras is described. Other fail incidents
detection systems using camera or motion sensors are proposed in e.g. US2006145874,
GB200562409321, US2003058341, US2001004234, FR20012808609, US2006214808,
WQ02008080225, US20067095331, US20036811783,  WO198800007350.
25 US20060001545A1 and US2006049950 propose detection of fall before touching the
floor using accelerometers. A threshold level for vertical accelerétion, 8m/fsquare 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

30 -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.



method of fall-onset detection, the method comprising the steps of monitoring acceleration at the thigh
of a person; monitoring acceleration at the waist of the person; monitoring orientation of the thigh of
the person; and detecting the fall-onset if the orientation of the thigh exceeds a first threshold value
and a correlatig‘;b }&Q%;y%?gn variation in acceleration of the thigh and variaggg{l j&%ﬁ}%%l%r%t}on of the
waist exceeds a second threshold value and a correlation between variation in '(ﬁe orientation of the
thigh and a fall-template variation exceeds a third thyeshold value. The first threshold value may be
about 10. 15 The second threshold value may be about 0.88. The third threshold value may be 0.8.
20The acceleration of the thigh may be monitored three-dimensionally as (xrs:vertical(downward
positive); yrs:lateral (right positive); zrs:sagittal (forward positive)} The acceleration of the waist
may be monitored three-dimensionally as fxws:vertical(downward .positive); Yws:lateral (right
positive); zwSisE#ARforward 25positive)} The orientation of the thigh may be measured

LB
two-dimensionally as lateral (left positive) and sagittal (back positive) directions. 30The monitored

acceleration of the (gl ang walstmay hefrandiarerinioug dimensionalioqdy aeaiption and the
correlation between the variation in acceleration of the thigh and variation in acceleration of the waist

may be deterfififwith FdgaRFlodRle Higs b sasivedafitBmERIngl BSayiBsRR MAtBANIEING The
monitored aceeteratatinrokthiz¢htbizand waistsnay bertitansfosredkntictwet dimensienal bedy

orientation degs&, #R8kérhgASientation of the thigh of the person; and detecting the fail-onset
if the orientation of the thigh exceeds a first threshold value and a correlation

10 between variation in acceleration of the thigh and variation in acceleration of the
waist exceads a second threshold value and a correlation between varation in the
orientation of the thigh and a fall-template variation exceeds a third threshold value.

The first threshold value may be about £10°.

15
The second threshold value may be about 0.88.
The third threshold value may be 0.8,
20 The acceleration of the thigh may be monilored thres-dimensionally as

{xrevertical(downward positive); yrgilateral (right positive); zrgisagittal (forward positive}}

The acceleration of the waist may be monitored three-dimensionally as
{xwsvertical(downward .positive); vusilateral (right posifive); zysisagittal (forward

25  positive)}

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

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

30 ' The monitored acceleration of the thigh and waist may be transformed into
two-dimensional body orientafion and the corrslation between the variation in
acceleration of the thigh and variation in acceleration of the waisti may be
détermined with regard to the transformed two-dimensional bedy orientation.



degsG=-ata n (/ x1 )*(180/pi), e= sgrt (1-()'rsorlvs yrs,,,,,$)), and 5degin=atan ( yrsonvs
/e)*(180 / pi). The correlation between variation in acceleration of the thigh and variation in
acceleration of the waist may be determined over a first data segment of predetermined sample

length. 10 The gamplg Jepgth is about 20. The correlation between vagetal%yaﬂ@ &H'?ntation of
the thigh and a fall-template variation may be determined over a second data segment o?

pre-15determined sample length. The sample lengtly may be about 80. The method may
further comprise performing a feedback step in response to 20the fall-onset detection. In

accordance wilh 2 sesarH A%RRSH GLUIRPIRSETIDNERIGN herqinpravied a sysismdr fal-oncet

detection, thetvs%gggwrp compri |‘r)1%fa flrstta%ccegromet r for monitoring acceleration at the thigh of a

person; a second accelerometerfor 25 toni eﬁﬁ@Gac%%Féraaﬁbn at the waist of the person; a gyroscope

for monitoring orientdtioncstaiee thigh.of thepEiséA/pdnd a processor coupled to the first and second
accelerometers and to thg& oscopg for detecting the fall-onset, the processor being operable to
[

y 7 o :
detect the fall-onset baS&d "{Hésﬁﬁeﬁﬁéﬂtj’ﬁ oftie thigh exceeds a first threshold value and a

correlatiop between yafigtamiy accelesptiomn 930 the thigh and variation in acceleration of the waist

Sor . . .
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. WO 2008/091227PCT/S62008/000027 4
BRIEF DESCRIPTION:QPFHiEcD RAMANG&riation Brabodinsénts oftteetinyie atioinywikh then better
understood anddeasil-anpafieatiaioneaf adinarkskitin thead fim hefallowiagvwitiga description,
by way of 5ex§&&lghggéy%%%éqe%%mynction with the drawings, in which:
10
The sample length is about 20.

The correlation between variation in the orientation of the thigh and a fall-
template variation may be determined over a second data segment of pre-
15 determined sample length.

The sample length may be about 80.

The method may further comprise performing a feedback step in response to
20  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 2 person; a second accelerometer for

25  monitoring acceleration. at the waist of the persén; 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

30 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.



Figs. la and b show a schematic diagram and a photo respectively of a system for fall-onset detection
according to the example embodiment. Fig, 2 shows a flow chart illustrating a method for
fall-onset detection according to the example embodiment 10Figs. 3a to d show measurement graphs
of the method Wz’ﬁ%ﬁ? for fall- onset detection according to the examplep%m)g&gm;ﬁm for different
respective fall scenarios. Fig. 3e and f show measurement graphs for normal activities. Fig.3g
shows plots of the eighty samples long reference templates for falls, used 15in the example
embodiment. Fig. 4 shows graphs of detection points for the method and system for fall-onset
detection accgeging tacthergrampersmbadivrentvings  Fig. 5 shows a graph of means and standard
deviations of lead time for fall detectlon for the method and system for fall-onset detection according to
the 20 example embodiment. g. 6--shows a flowchart 600 illustrating a method of fall-onset
detection according %‘Qﬁ%ﬁﬁﬁ’iﬂ@f@ﬁﬁﬁaﬁ?\@ﬂ " ETabeties @F@@?@Fﬁﬁﬁ‘@%ﬁ%d”ﬂ'ﬁ@%%hbed
embodiment providest anmgatabikitcal timesyistentithabtani distimieis hibetweem famntialisoiersus
normal bedily.activitiesa) theiy @%@;@WV\HQ%%%H@Q of {he-anset, as a consequence, another
feedback system ca}g be g pl%yeg dH the ead me,in preve r\él % tr%etfall or re ucrngQ he severity of
fall related injuries. Snfd ortlons of the c?@%crl ficrrwhich fol soa?er8§ ﬁ'y or i pI|C|tIy
presented in %ﬁ@b@é@ﬁﬂhﬁ%%@fmﬂﬁgﬁmmﬁi%@ém@@m@bf operations on data
within a computer nregozy shbese algorthmictdaisetptions:anc:fuogtianator symbaligsepresentations
are the meaﬂé&é&ﬂ@%&ﬂﬂ%%‘ﬂﬁ% @ﬁggﬁﬂ@@ processing arts to convey most effectively the

substance of their work to others skilled in the art. An al% orithm is here, and generallr}éj conceived to be

a self-cdfsistent se§UhcE 6P HOTE AATHS el HER R Sl e Ligp SRR 184 g physical
manipulationsfgissiediauantiticns le s etetidcak miaghetict dpogiitsibsiginaikectpaliad of being
5stored, transfgsredcombined, compared, and otherwise manipulated.

Fig. 3e and f show measurement graphs for nermal aclivilies.

Fig.3g shows piots of the eighty samptles long reference templates for falls, used
15 in the example embodiment.

Fig.. 4 shows graphs of delection poinis for the method and system for fall-

onset detection according {o the example embodiment.
Fig. 5 shows z graph of means and standard deviations of lead time for fall
-detection for the meathod and system for fall-onset detection according to the

20  example embodiment.

Fig. 6-shows a flowchart 600 illusirating a method of fall-onset detfection

according to an example embodiment.

DETAILED DESCRIPTION

25
. The described embodimeni provides a wearable realdime system thal can
distinguish between faint falls versus normai bodily activities at their onset stages. Upon
detection of the onset, as a conseguence, another feedback system can be deployed
during the lead time in preventing the fall or reducing the severity of fall related injuries.
30

Some portions of the description which follows are explicitly or implicitly
" presented in terms. of. algorithms and - functional or symbolic represeniations of
operations on data within. a compuier memory. These algorithmic descriptions and

functional or symbolic representations are the means used by those skilled in the data



Unless specifically stated otherwise, and as apparent from the following, it will be appreciated that
throughout the present specification, discussions utilizing terms such as "calculating", "determining”,
"generating"”, "outputting"”, or the like, refer to the action and 10 processes of a computer system, or
similar electronjgdevigs taat manipulates and transforms data represented ag-physicalguanrtities
within the computer system into other data similarly represented as physical quantities within the
computer system or other information storage, transtission or display devices. 15The invention may
also be implemented as hardware modules. More particular, in the hardware sense, a module is a
functional hardwasesingtadiesigned fgmuse sfithtothethecmripansnisbnerodoie s Feeexaaplana module

may be implemgniedausing Aiser ISl ClFanic LEMPARLRLSyQY it Nfoum 2 RQLton of an entire
r

electronic circu]jtsgaucS as.an Ap (Ijjcgyo SS%[ﬁcjff'c Ir)itegrated Circuit (ASIC). Numerous othe
possibilities 20eXist. THose sKiffed i the art will aBpr AT TRAR FRBHLYMEY RiSA 1e8'Bdalpremented
as a combinaffbRbEEdNarEtisidssitviarelspdigalesagnetic Theopiéstritediembotditaeritteipoits,

interalia, & presoise, thattherthighseyaepbapesacigmbeyond aatainishieshold angle in forward and
sideways directions in normal 25activities and this abnormal behavior occurs in faint falls for faint fall
onset detection. hardware setup 100 of the embadiment is shown in Figs. la and b. A thigh

sensor set (TS) 102 CORTAIRESHENMIRISLOCE (45 stthay /gy AR B8 Hifcfdinuicrinbwihbeelerometer
104 {x:verticaReliasiieddhpdirveghauldter afdsryt e positedhg FagitsibB0utiornaterpositisie}k and two
@DXESBO (mmmammngw@y,c%%@@zlfﬂmsg'ci%ﬂm?lﬁé@g%f@fﬂor@éi%ﬁmgﬁdsa(gitta)'

ack positive) direction ' celerometer 110 is included jn a waist sensor set (WS
L2 it i e B S S T 50 S S A R using
Velcro 114 atTABSHPEHE SFRSSRESPUAT 2 A ITBHIVSNEIRA Wby pria Tewser sreinstigho g ht
channels of \W&Dr 2008409 1207PET¢S G2008¢RA00R6isensithidate axergamepledahd érsamples/sec

rate into the NHrbaBGrRidhkeraicracontalalsik§ iy data processing. An LED 118 will light up upon
detection of the onset of fall. 5Microcontroller 116 may be connectable to a computer network via a

suitable transceiver device, to enable access to e.g. the Internet or other network systems such as
Local Ar&3 Network (TARY5HQR e pdse Ne tireRTeuRR psThey dwriooorstvisiter 106 inattieuaxample

includes a pracessoraRandensdccessiMemanyi(RAdpansaBeAd-@riysMesmont (ROMY, The
Microcontrollgfyl}6.3189 NG HAES Rodules. For exarhple, a module may be implemented using
discrete electronic components, or it can form a portion of an entire electronic circuit
such as an Application Specific Integrated Circuit (ASIC). Numerous other possibilities
20 exist. Those skilled in the art will appreciate that the system can also be implemented
as a combination of hardware and software modules.

The described embodiment exploits, interalia, a premise that the thigh segment
does not go beyond certain threshold angie in forward and sideways directions in normal
25 activities and this abnormal behavior ocours in faint falls for faint fall onset detection.

A hardware setup 100 of the embo;diment is shown in Figs. 1a and b. A thigh
sensor set (TS) 102 contains one MMA7260Q (+4g, 300mV/g) three axis micromachined
accelerometer 104 {xverlical(downward positive); ylateral (right positive); zsagittal

30 (forward positive)} and two ADXRS150 (+150°/sec) yaw rate gyroscopes 108, 108
measuring In lateral (left positive} and sagittal (back posifive) directions. One three axis
accelerometer 110 is inciuded in a waist sensor set {WS) 112 with similar sensitivity axis
setling as thatin 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



10 number of Input/Output (I/0O) interfaces. The components of the Microcontrolle_r 115 typically
communicate via an interconnected bus and in a manner known to the person skilled in the relevant
art. The application program for the Microcontroller 116 is typically encoded on the RAM of the

Microcontrollerygdd 6,qkhg @pplication program is read and controlled in its exggution,by.theprocessor.
15 Fig. 2 shows the process flow 200 of the onset detection algorithm in the example

embodiment. The- i sample of the accelerometers (&éyrs (), Yrs (i) Z Ts (1), Jevs(i), y (0, Z (0) stored as
buffered data at step 202, are low pass filtered with a cutoff frequency less than and equal to 0.5

Hz at step 204cand thizith 28samplgaf the gyr&s&ms@owa&bcmﬁé(%omgm@f@é@;g@ta at step
202, are banchiRass firrethwil Rass hand beween &0LE7 ANk A ﬁ{%ﬁ% %‘%&%Qé 'ci'?%%ﬁ.'te Impulse
Response (FIRn) fi!rter§ are used in filtration in the example embodl_men - Next, the acce erafion _
samples are fransformed into two dimensional degrees of body orientation at step 206_, measuring how
many degrees these body segments are deviated from the 25verti_ca| axis, eg., standing is zero
degree aad lying flaiterdherfiatieisi nihetyydegieenssingdhe M@Mﬁ@ee@leal&asﬂﬁ)}n& @égntame
SAG(TSOrWg)=: if S 180Mi), e=.sqrt (1-(IFS * TSorlr’ n _
30de(g LAT(M?%1 nsngjé}{:?ef}}gﬁgﬁgo@%%?‘%g%é/ ﬁite e'slfﬁ%@g&e@ @%%ftﬁ%?rop %ac?f%vg’ry&tr%%lpn) or
degLAT(posit?\?\e(%ora feft SIE r a"q‘tﬁ)nr)1 e tHibansld VifR fosgedNatunsh 294 Ml is Ebﬁflrmed_qt
steps 210 an#iE1gcwiMrPIECORiatbacxeffivlem(ipdey a@8)citsonngledatasegmesis iegs(-N + i);
=NandN = 19jraod){dieg avsédN Ohiy FBmohandiVis: T8)e Whers-HraiAkis the fetegtacpgint of onset,
from twq @enﬁgmt,soa} tﬁ%%giga'gm@?%p%teﬁaces. The components of the Microcontroller 116

typically communicate via an interconnected bus and in a manner known to the

person skilled in the relevant art. The application program for the Microcontroller

116 is typically encoded on the RAM of the Microcontrolier 116. The application

program is read and controfled in its execution by the processor.

Fig. 2 shows the process flow 200 of the onset detection algorithm in the

example embodiment. The- sample of the accelerometers
(s (), ¥rg (@) 2 (2), Xy (), Yy (), 2,5 () ) stored as buffered data at step 202, are low
pass filtered with a cutoff frequency less than and equal to 0.5 Hz at step 204 and the
20 sample of the gyroscopes (@, ,, (i), @y, (0) stored as buffered data at step 202, are band
a pass ﬁiteréd with pass band between 0.01 Hz and 2.5 Mz at step 204. Fainite Impulse
Response (FIR} filters are used in filiration in the example embodiment, Nexi, the
acceleration samples are transformed into two dimensional degrees of body orientation
at step 206, measuring how many degrees these body segments are deviated from the

25 vertical axis, e.g., standing is zero degree and lying fiat on the floor is ninety degree,
using the following equations,

degsac(rsorwsy=-0TaN ( Zrg, s / Xpgoups ) (1807pi),
e=8qrt (1-( Yp5 5 * Ypsoris ))» and

30 degLAT(ngrws)'—"atan (ym.o,m /e)*(180 ! pi).

If degsac(positive for backward rotation) or degiar(positive for left side rotation)
hits the threshold value 10 deg at step 208, fall is confirmed at steps 210 and 212 with



correlation ( pro (:).88) between the band pass filtered gyroscope segment 5{a(-N+0;i =Nan dN = 79} ,
where co(0) is the detected point of onset, and its corresponding reference template (step 212). Here,
the word "corresponding" is to be understood as that detected positive lateral/sagittal degree sample is

correlated withgftlhackward a fall reference template and detected negative,sgnaple ipyalves
correlation with a right/forward fall reference template. 10 In the example embodiment, separate

correlations for lateral (LAT) and sagittal rotational (8AG) movements are calculated, i.e. between
degmr Ts and deguu- ws on the one hand, and between degsAc (Ts) and degsAc (ws). 15The LED

(118, Fig. 1a) willhgan if the.grefficients fideggqpa, gre simultanegusly abgue or egualta.0.8 and 0.88

respectively. In this detection, only the thighi degree samples traveling from 0 to 90 degree, as the
thigh rotates figng Q(t6\00: degike. iVialdetivitiesnarédale (-as-pointsiof intereat fasthexcendirmation
process in the ex le_ empodiment, by measuring the slope of the sample as ((deg; - deg,i_315),
where deg, is df@ﬁgﬁgl oelﬁ)%%gg%g .%Veowﬁé*‘r‘e@’“a| Smh%ofosfetﬂ%agaﬁ%ﬁegﬁ?a?@% BIEtRY Within 21msec
sampling intensatdieiore the nextsyVithosammpledstalkandn. CZempaneebto usingdpiegrategharoscope
outputs in measuring thigh angle sgyg{ment rotation from vertical axis, integration errors caused by
noise and® offs&t e difhtR: ntdgratddVaiue¥haiRic Badtyiva dsissterroath the e @grbésthreshold
level even if thersisbieeling stilbrean: herdiaxoided iniherrample warbogdimantnqing? e Bragess loops
back at either the "NO" decjsions at steps 213 ar 214, or after.the LED (118, Fig. 1.a) has been
maintained orljtr]u‘:](lr?ﬁe&l (godn At ﬁgqp %ef%c%g %Slr%g}(?%%rﬁ p])?g ?}?‘ ﬂféj data bsuaﬁ('e?‘ %ti-sst%%rﬁf%%g t O

2008/091227 B&prskssnth sfodob 2SRk KEPRMR oRNEosGeRE Al e fremT Bisp d&TvAfovements
of thigh and tranicintisu efifastighy/fooampdeé isteps:24 8;n2420.Fig. 3a shows thigh angle rotation from
vertical agis (graph 300), the correlation
In the example embodiment, separate correlations for lateral (LAT) and sagittal
rotational (SAG) movements are calculated, i.e. between degar 15 and degiar ws on the
one hand, and between degsae (rg) and degsae we)-

15 The LED (118, Fig. 1a) \;ﬁli be on if the coefiicients p,,., o, are simultaneously

above or equal to 0.8 and 0.88 respectively. In this detection, only the thigh degree
samples traveling from 0 to £80 degree, as the thigh rotates from 0 to £90 degree in fall
activities, are taken as points of interest for the confirmation process in the example

embodiment, by measuring the slope of the sample as((deg, —deg, ;)/5), where deg, is

20 equal to +10 degree. The whole algorithm for the /' samples are completed within

Zimsec sampling interval before the next i+7" sample is taken in. Compared {o using

integrated gyroscope ouiputs in measuring thigh angie segment rofation from vertical

axis, integration errors caused by noise and offset resulting in integraled values, which

easily passing through the £10 degree threshold level even if the subject is still, can be
25  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 furned on at step 218, to the next sample
in the data buffer at step 202.
30
‘ 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



" 5 coefficient of the angle data segments from IS and WS (graph 302), the gyroscope output (graph
304), and the correlation coefficient (indicated in graph 304) 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 leftsige fall,High correlation coefficients of ()Jdeg and pm can bepm%;%g@&}@é%activity.

10 Fig. 3b shows thigh angle rotation from vertical axis (graph 310), the correlation coefficient of
the angle data segments from IS and WS (graph 312), the gyroscope output (graph 314), and the
correlation coefficient (indicated in graph 314) of the band pass filtered output of an eighty samples
long segmentlamcitsocetsespandingaiafesenaad btemplata for Acsimdateddefisids fall fak g.simulated

right side fall. éﬂ%@m@lgg%%eg{&jg@%oﬁpg‘eg, and pm can be seen in the fall activity. Fig. 3c
shows thigh angle rotation from vertical axis (graph 320), the correlation coefficient of the angle data

segments from TS and WS (graph 322), the gyroscope 20 output (graph 324), and the correlation
coefficient (indicated it gfapitP824)inh trslsanthfias§ diterstieUtpit Girashelghlyisamplesiong segment
and its cdiresporitiingreferenesyieraptatedgnansimulated lafisige fallipn asinyated backward fall.
High correlati To] " n be seen in the fall activity. 25Fig. 3d shows thigh angle
rotation from 3&%@;@5@(@? %r%%ggt Og}%?c%r% ation ¢oe f(iznlg'r‘\: %%tﬁjeggﬁ |e38g}é}‘%gﬁrﬁéﬂ?s from IS
and WS (gradﬁ%%@i?%oé%ﬁag%ﬁ% YU GTRIER lenu peantethancbirctatisArendificisftiindicated in
graph 334) ofi#fierlstthdbpassifitated deftpitoffaih feightyisanplesdongisegmentignddissgagesponding

reference ten@@#@gﬁq@oﬁi{g}u@;ﬁ}d ))efggrgd@ef@é&p{ﬁﬁi@fﬁk&tﬁg%orward fall. High correlation
i ; . \

30coefficients of pagg and pih can’B& seen in the fall activity. Fig.3g shows plots of the eighty

samples? fong reference templates for left fall (curve 360), right fall (curve 362), back fall (curve 364)
and front fall (curve B§6}puseddnih exawRRBRDRSIMENcal axid 1§36 %W&M%@%ﬁ rotation

from vertical %Qf&géﬁpgﬁﬁg) he lateral correlation caefficient of angle data segments from TS and
WS (graphs 342 and 344 anédg ?Eae&g?o%% %8“(%1%%7? ﬁﬁﬂ%ﬁ@ é?{gpébﬁ’gétlg\‘? CHBTFErERt (indicated

)
in graph 346)%5fHE@3RA %B@s 9ioreq eritplation soadtirispiedrberjesbipneenth ahé) Wishrecbaresponding
reference tenmpkitéiciod motmaloaetivifigsty panveis fong ddgnbedand knesmaiaativijesdQalkeit the

correspapding: pargte TormaliniMeaTgrossasignally high Asthe thigh, I$,0,degree for standing
posture and Q%eﬁree far sitting posture, the sagittal anléle cur\éﬂs lsv%lr}rﬁgg,j]?ng%t'?ewtv(\}ggﬁ? '3hd 90
|

degree (curvé it ErabR-asH)d ButSe AR SR nbiGHsa&ivitMar to backward falls, were successfully
rejected in the example embodiment using the two correlation coefficients, paeg and pco.
Fig. 3¢ shows thigh angle rotation from vertical axis {graph 320), the correlation
coefficient of the angle data segments from TS and WS {graph 322), the gyroscope
20 output (graph 324), and the correlation coefficient (indicated in graph 324) 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 backward fall. High correlation

coefficients of Py @nd o can be seen in the fall activity.

25 Fig. 3d shows thigh angle rotation from vertical axis {graph 330), the correlaﬁon
coefficient of the angle data segments from TS and WS {graph 332), the gyroscépe
output {(graph 334), and the correlation coefficient (indicated in graph 334} of the bémd
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 correlafion

30 coefficients of p,,. and p ', can be seen in the fail activity.



15 Fig. 3f shows thigh angle rotation from vertical axis (graph 350), the lateral correlation
coefficient of angle data segments from TS and WS (graphs 352 and 354), and the gyroscope output
(graph 356) and correlation coefficient (indicated in graph 356) of the band pass filtered output of 80

samples long sggmgRig.Md their corresponding 20reference templates for ag(c@ggj%ﬁﬁgﬂggscending
stairs, pw was found to be low in ascending and descending stairs albeit the corresponding pth,g,

normally low, are occasionally high. Only two in thirty seven front falls during confidential simulations
were not 25 detected and resulted in 94.6 per cent sensitivity for forward fall, and 100 per cent

sensitivity for other fallsayithaesfalse oS Where-samnsitivyhy, i%@@@gtm%@imy%ﬁ%tﬁcmd (35

forward falls) givide tot tivities forward falls used, in validation) Fig. 4 shows the
correlation co %H%ieé(r%tr la ?n%ﬁii% %’?feﬁs) ’a%la %gajrlrtw?g %’%tmﬁ!ég@d‘?ﬁ h%%eg%jrrﬁﬁlg@gghﬂ%e iment, where
paeg is plottedBFIRBRIERICEERY, is plotted on the x-axis in the respective graphs 401 to 405. 216

data of normal activities were plotted WO 2008/091227PCT/SG2008/000027 10 Whic_h was the
number of detected pgints using:1(:dearadhrashoidiselindhecanfidentiad gimylatigns, ~ As
can be seen from %@%ph 40#., none. of tr[1e cp(%rmal actl\}(%ltl S d%ectedéﬁglnts SE/er% located within the
area 410 of pdeg and pBeiny ahove e rash Ve Thrd8Rore 1808IL T WERIR S 461 8att bf the
different fall SEBAIRSY(GPapPRATRCHTH) S4ft isinflratedetigisonelfeipté fitiflisglaasintitatédDy the

detected points indharespestivergiaphsuvithsthe-exgeption cbive activtiesderdaremyshialy(compare
graph 405). For.the wo un-dtetegted acti\{itie {t was found that GJQ tf%e cfonfidential im Ia&tions, the test
I ernpla a 0 be Chvitl

10 person was er%‘célré(fﬁ]g down tirst before ﬁ%‘e*i/” releaded their bodies onto a fal-mattress i the forward

directioni(As wipkldihe apREpeiaind, n kneeatiag,dewrsthecthigh-gnesifackwand whjledhganaist level is
moving forward and thus the correlation coefficients of /36,become lower than the threshold value.

However, as Wifl 8165 R appritsiaediviniand SQifeeasivoriiirsrrsigpibal shillr snslecys/faint fall of
the type that tigpicallyrgausesctShmjo Rihjflagese (curve 351 in graph 350). But stand-sit transitions,

similar to backward falls, were successfully rejected in the example embodiment using
the two correlation coefiicients, p,,, andp, .
15 ‘
Fig. 3f shows thigh angle rotation from vertical axis (graph 350), the laferal
correlation coefficient of angle data segments from TS and WS (graphs 352 and 354),
and the gyroseope cutput {graph 356} and correlation coefficient (indicated in graph 356)
of the band pass filtered output of 80 samples long segments and their corresponding

20 . reference templates for ascending and descending stairs. p,was found {o be jow in
ascending and - descending stairs albeit the corresponding pdeg', normally low, are

occasionally high.

Only two in thirty seven front falls during confidential simulations were not

25 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

30 inthe example embodiment, where p,,. Is plotted on the y-axis, and p I8 plotted on the

x-axis in the respective graphs 401 to 405. 216 data of normal activities were plofted



Means and standard deviations of lead times of falls are shown in Fig. 5. The method of lead time
measurement was based on the time difference between the time of the detected point, and the
maximum gyroscope output for the relevant fall situation 20(compare e.g. the Iead time indicated at

arrow 321 in graphddsdm,Fig. 3c). Fig. 6 shows a flowchart 600 illustrat] qu‘)%{% fall-onset
detection according to an example embodiment. At step 602, acceleration at the thlg a person is

monitored. At step 604, acceleration at the waist of tih@ person is 25 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 exceedsvaififstthseibhotdmabiecantaceireltion ketyween vagaliomin-astelglation;of the thigh
and variation iy agesiesplionefithe waist exceeds a second threshold value and a correlation between
variation in the orientation of the thigh and a fall-template variation exceeds 30a third threshold value.
Whilst fall risk assessment has been most focused on elderly falls related research work, the
described example émBEdiRfeAR ere Gererkily &ppﬁ@ﬁ@t@d&sﬂailép@ﬁf@iydiﬁqaﬁsmmrﬁ all ages,

including &n hm@mgte@wm@@m@swwr%@ﬁ it T eadiBeR smbgdlient can

activate a feedback SF?/stem during the lead time ffiat is the time interval between e Sfall is
detected and WifERYRdaISie b PR floforah pféve diffstefdiftifatconmmmnioing 4he &e%ﬁ’jty of fall

related injuries! @meiatexd-Bilimiting example af sustkfeedbark é&@'&@@ﬁd@:ﬁ@%Qﬂé@%&?e@ﬂ?eormecmr to
cushion the Tajfpiier jgi E}%a&ceptnon'EWWob&éﬂ%g%?‘r%%%}’ﬁaﬁ%i 200 §#§!§dé\lﬁ e B gg Lhumerous
0

variations an /or mo(%lflcatl ns may be made to the present |nve nin (?fIC 10

embodiments Without JepS tlﬁ‘a'\%‘?ﬁ tﬁe"ﬁ?irf?kﬂ?%éaﬁfe'%fiﬂ?e‘iﬁ@@ﬁr@ﬁia%%@*ﬁﬁﬁﬁd@@:mféd The
present Embdtfiffehicarenaieforen ¥ edonsiderediimsitiréspanigite betdlastativarasd ot

restrictive. Fomexaapie, wmtﬂs@xamslwal@%f%m@c}é%@uﬁthﬁ@éhﬁiﬂdéo%d the 5apmPls.eLS size have
been describgd,. th tth esent in n is_not limited to.those
oot %E%H%e\%aéﬁj S Mg e oo & é?husotn efS?%?@?ﬂBlgoﬂTfFé%ﬁt%ppl|cat|on

specificexamples. Rather, other va es may &d c?epen ing
environmentsPdiPRSERE r’ﬁé’&é@?@‘m@ﬁt%@ﬁﬁﬂﬁe‘rﬁt@r bothvever, as will also be appreciated, this

direction of fall is not tynical of unconscious faint fall of the type that typically causes
15 major injuries.

- Means and standard deviations of lead times of falls are shown rin Fig. 5. The
method of lead time measurement was based on the time difference betwaen the time of
the detected point, and the maximum gyroscope output for the relevant fall situation

20 (compare e.g. the lead time indicated at arrow 321 in graph 324 in Fig. 3c).

Fig. 6 shows a flowchart 600 illustrating a method of fall-onset detection
according fo an example embodiment. At step 602, acceleration at the thigh of a
person is monitored. Af step 604, acceleration at the waist of the person is
25 monitored. At step 806, orientation of the thigh of the person is monitored. At step
808, 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 vaiue and a correlation
between variation in the crientation of the thigh and a fall-template variation exceeds

30 athird threshold value.

Whilst fall risk assessment has been most focused on etderly falls related
research work, the described example embodiment is more generally applicabie to fall



20 12 CLAIMS 1. A method of fall-onset detection, the method comprising the steps of: monit_orir_lg
acceleration at the thigh of a person; monitoring acceleration at the waist of thg person; 5mon|tor|ng
orientation of the thigh of the person; and detecting the fall-onset if the orientation of the thigh exceeds

a first threshold, yplye and - a correlation between variation in accelergtion of the thigh and

variation in acceleration of the waist exceeds a second threshold value and 10a correlation between
variation in the orientation of the thigh and a fall-template variation exceeds a third threshold value.
2. The method as claimed in claim 1, wherein the first threshold value is about 100. 15 3. The
method as claintel im piesomd afrd, aybereindiecseoonddvesbaldvah s alkau0:88::dibe method

as claimed in gy ORBLfLB&RERCSHIRG:FIAINSNAISIR 4 feedback system during the lead fime,
that is the time interval between when the fall is delected and when the subject hits the
floor, in preventing faint fall or minimizing the severity of fall related injuries. One non-
5 limiting example of such feedback systems is and inflatable hip protector to cushion the
fall prior to impact.

it will be appreciated by a person skilled in the art that numerous variations

and/or modifications may be made to the present invention as shown in the specific

10 embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considerad in all respecis fo

be illustrative and not restrictive.

For example, while example values for the varicus thresholds and the sampie
16 size have been described, it will be appreciated that the present invention is not
limited to.those specific.examples. Rather, other values may be used depending on,
forexam_z-}[e, different application environments, different measurement equipment,

or both.

20



20the thirdthreshold 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: {xTs:vertical(downward
positive); yTs:lateral (right positive); zTs:sagittal (forward 25positive)} 6. The method as claimed

in claim 4, wheggin theaceeleration of the waist is monitored three-dimensiopg,i%é%ﬂm@mm
{xws:vertical(downward positive); yws:lateral (right positive); zws:sagittal (forward 30positive))

The method as claimed in claims 4 or 5, wherein thei prientation of the thigh is measured
two-dimensionally as: lateral (left positive) and sagittal (back positive) directions. 13 B.The method as
claimed in anyomeives claims 4 to 6, wherein the monitored acceleration of the thigh and waist are

transformed into two;dimengj ientati th relation between the variation in
rdimensignal boc: arisiiation and the cor ;
acceleration of the 5thigh and variation??ﬁ acceleration of the vvegpsc%d%%rg%ir%ﬁ et?iev\%ii?f)fq‘ea%aord to the

transformed two-dinfBRYGHAPRES SriticatbitediHfe 4l ifacds claimed in claim 8, wherein the

monitored acceleratitriitoring acceleration ai the WaEst of the person;
5 monitoring otientation of the thigh of the person; and
delecting the fall-onset i¥
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 vaive and
160 a correlation between variation in the orientation of the thigh and a
fall-template variation exceeds a third threshold value.

2. The method as claimed in claim 1, wherein the first threshold value is
about £10°.
15
3. The method as 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
20  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:
{xrsivertical{downward positive); yrsilateral (right positive); z;g:sagittal (forward

25  positive)}

6. The method as claimed in claim 4, whereifj the acceleration of the
waist is monifored three-dimensionally as:
{xwsivertical(downward positive); yus:lateral (right positive); zws:sagittal (forward

30 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.



of the thigh and waist are transformed into two-dimensional body orientation degsAG, 10degLAT, as:
degsAG--natan ( z TSorlVS | xISO07.1if5)*(1801 Pi) ' e= sort (14 ymbrws*Yrso,ws )), and degLAT=atan
yrso,rvs /e)*(180 / pi). 1510.The method as claimed in any one of the preceding claims, wherein . the

correlation betw%é@@%p}n in acceleration of the thigh and variation in accg%;e][g%%‘ gfﬁah&yvaist is
he mef od0

determined over a first data segment of pre-determined sample length. 2011. as claimed
in claim 10, wherein the sample length is about 20.13  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 25 variation is determined over a second data segment of pre-determined sample length.

13. The method as glalmei:lhlg cla mo%za\slvrédaréreﬂlgoﬁhe sampleele&gfg_;l‘}}alnsn%bg%toS : %)‘er@m %h4e’ The

. . 1l
method as claimed in any one ofthe preceding C alms,¥uﬁﬂer comprising performing a feedback step
in response B TR Grseledaigatighihe thigh and waist are transformed into two-dimensional
body orientation and the correlation between the variation in acceleration of the

5 thigh and variation in scceleration of the waist is determined with regard to the

transformed two-dimensional body orientation.

a. The method as claimed in claim §, wherein the monitored accelaration
of the thigh and waist are fransformed info two-dimensional body orentation degsac,

10 degur, as.

degsag=-atan { zyg,ys / Xrgys )(180/pi),

8= $qrt (1 Vogms ™ Visorws J), &0

degiar=atan { Yo, we /€Y (180 / pi).

15 10. The method as claimed in any one of the preceding claims, wherain
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 lengath.

20 . 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 orieniation of the thigh and a fall-template
25  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,
30
14.  The method as claimed in any one of the preceding claims, further
- comprising performing a feedback step in response to the fail-onset detection.



14 15.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; 5a gyroscope for monitoring orientation of the thigh of the person; and a
processor cou irst and second accelerometers and to the gyroscaope for detecting the
fall-onset, the g’@%ﬁ%ﬁ@? ég?ng operable to detect the fall-onset based if the feftaton ot thigh
exceeds a first threshold value and 10a correlation petween variation in acceleration of the thigh and
variation in acceleration of the waist exceeds a second threshold value and a correlation

between variation inghe opieptation@fthesthishrutfaldenpiate varaigmexceeds a third threshold

value. 15 a first accelerometer for monitoring acceleratfion at the thigh of a person;

a second accelerometer for monitoring acceleration at the waist of the
person;
5 a gyroscope for monitoring orientation of the thigh of the person; and
a processor coupled lo the first and second accelerometers and to the
gyroscape for detecting the fall-onset, ihe processer being operable to detect the
fall-onset based if
the orientation of the thigh exceeds a first threshold value and
10 a correlation between variation In acceleration of the thigh and
variation in acceleration of the waist excesds a second threshold value and
- a correlation between variation in the orientation of the thigh and a

fall-template variation exceeds a third threshold vaiue.

15



