System and Method for Detecting Swallow ng Activity
Field O The Invention [0001] The present invention

woeb@tiexs7general |y to the diagnosi s of aspirat POWCaARAS/000942

10

15

20

25

30

nore particularly relates to a system and net hod for
detecting swal | ow n nd I d activity..Ba r.ound
O The | nveRYStSM f@%ﬂ%th?é&jﬁij‘g?g"}%#gﬁ'&g‘f’g‘%é% y
deglutition (swallow ng) disorder, including
abnormalities within the oral, pharyngeal and

esKipldagfektle Intsios of swal | owi ng. Dysphagia is common
in individuals with neurol ogical inpairnent, due to,

f | e, br al | b ' -
or BTy uryerFn it e B ERRAY TROH: HegfRR] ¢ fipyaton end

S Ghé&t Qfittioulatin diMies ualassysietnhardly spthadjifer detectiof tsemllewing and related
risk of aspiration. Aspiration refers to the entry of
fcﬁ"EYl@’n material into the airway during inspiration.
Aspiration may manifest itself in a nunber of

di fferent ways. The individual may begin to perspire

a he f flushed. Alternatively, the

[ %c&gﬁ’&gﬁqﬁm@g%%gﬁ&gﬁbsequent to swallowing. In

Si aspirgtion. there are n Iy LALGAkY Wsorder. includi
ea@:ﬁ%] r ecoglgysf’g%ﬁlae rgfl%g’néoao yboﬁ?ﬁ?ﬁh@%@?@nb TLS_gr o mcu_m.g
i nabaodiatitiesi veithiratht iocall | pharyygealsafl gbophageali nheliey pHieveal lowinigt Pysphagia is
silent aspiratiaqn, .but is al.so applicahl I er 1 val
e st lgtlf’%ﬁlgu%? ng prrac 18!?11. 181'&21 g{%ﬂg’t (?}o%ntgbfé)gre)s(%er’icgﬂegm paisys
hegtdbiovaenie gerddeat rain Ghjuys Pefiinoon'c diseasgy stioke asd multiple sclerosis.

aspirati.on.pneunoni a, dehydration, .ar nutritd

"B LRGBS LR LR g o o
pefopigh tateriahintd e tiedayStuaing Sspifatipt. dispiration mew snapnifeht geelfan a number
that .fifty thousand peqgpl [ ye
SRR WA IS LA mey b e
ocAlrheively, thé imdividuabmayepigh attiseeltrio se#lioyling. s silent aspiration, there
patients w th.dysphagi a i s _ngt r. e U
a gaére (nl%?v gs?:,lmé“tay gF .e?sglxgrggig}nz%il? g%‘é? ggg):alrug tllﬁl%%{tl{laé. $fe ‘fﬁcventlon is
esetidubailly yuspub forniditvidusis otithl glieatnaspiratfond Petptsaajsoaapplicable for other

occurring in.an.estinated. 94% of _t P ' :
SR T TSl 8 PR e s
SWiahg Oivéasy) agirhfioncpnetrmesa, (dydevot, 2n&m#odiitison, 1999),

which translates to 500, 000 people per year in the

aolOBE) Pon T DYEhESE P A Sblsr Hpen SIS pebl o the g sutes
I ep@tdin @hess indivbtethat difiy tidaemd pedpld die @pckBed Jrom Rigration pneumonia
! n{ﬂrgye I’é%: %1.,0E99%¥.S’Plt1]eagclzc%rrlensce R r&ihﬁs%l z?s{olréltion bronchiolitis in patients with

dysphagia is not uncommon, regardless of age (Matsuse et al., 1998). Silent aspiration is

especially prominent in children with dysphagia, occurring in an estimated 94% of that
population (Arvedson et al., 1994). Half of stroke survivors have swallowing difficulties
(Zorowitz & Robinson, 1999), which translates to 500,000 people per year in the United
States, (Broniatowski et al., 2001), and aspiration is reported in 75% of these cases while 32%
report chest infections (Perry & Love, 2001). The incidence of dysphagia is particularly
significant in acute care settings (25-45%), chronic care units (50%) (Finiels et al., 2001) and
homes for the aged (68%) (Steele et al., 1997). Dysphagia tremendously diminishes quality of
life for people of all ages, compromising not only medical, but social, emotional and

psychosocial well-being.
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tremendously dimnishes quality of life for people of
al | ages, conpronising not only nedic but soc

ertB9 na| r{ﬂleptg%ﬁ%is umgy s%]pyv wg}gn‘élg‘fqglﬁergfco?}z] as ?fle’ current gold

noginfid-g @}or%ﬁﬁﬁﬁﬁl&’{\@f spiaties i(MGigki danf 1996y. O ehpiyalivsilityhie dysphagia
current gold standard for con#

( \ApanggRmeat c%tlnuesltgg@) assqried (g-B+ :H\»;r[agtg%-l}lg]{x]ﬁs,lo %Q@ %hgttatetl gr} 1998). The

dyspbagh F%sﬁ%ﬁﬁﬁ%%d GRRdHaNURS at Adbe saaaRE td@dradi@gi@phic images is
Martin-Harris, 2000; Scott et al The

1998 [
 abested VB0 e drodet T SO PP SOBTBHE Bpgosty both

r Qﬁi kPR BPRhCaddTRe %apFﬁ)x%t;e@y NG6b Mehbh Okr¢ adliaftpepprocelii® in Canada),
nodi i1 ed bari um swal

rocedure.is.inv slv
c s Fepdeye the Prient Bisraptible tq bt efTegis ! joaigie r% 29?‘5?256 Gpyjer, 1991).
1,000 health care dollars per procedure in Canada)

angoggnder s fihigoRat bRidbcopiS sRMick bhfashe tebidrigief aCteniadf a flexibl
|g§|£ﬁng radfatﬁgﬁ (Beeﬁég.ca ler, f991) lﬁk 1O 8 Hexibe

Flﬁmﬂ@ssm @ s OpgPR- B o Ie I PRBISRER] Beh A ey applied in the

Whigho BON-HeBrtiO APRHRRQ B hrleP &EL duBéh, tIDQU)SaﬁéI%adsidﬁ identification
into t ypopharynx has al so been applied in_th

di of gt nsptiaRoTA S48 Gh . 40P oF IS PRHC-AISHORES ERIFEALY gomparable to the
Lapoefids ba%%%%aﬁm 1P eghpd gﬁse'nﬁﬁﬂ%y' dnld Gpédifuity Gbr Ssplr&idh identification
azplratlon Leder et al. @} Flbre tic Sﬁg

- e o So Gai Lt & Ky ROOIGIAFEA BFae DS RGP Frsment
|n ternms of sensitivity and specificity for aspiration

Ubé]f | cat i gise( @):11916 Madden §bpabd as %Oﬂglrln{l@ﬂ/e radfnct to bedside
Ka as,” 2000), wth the advantaqe of bedsi

asasessrshof afP@)B@‘BI] (crsl Sherresty fhetly JIPad- et ﬁ?p?%odbs%ﬂ"’eé’gr several
a Nefsiled' %eg %oﬁga{rﬂl%%lste QxhRAs @ ﬂ)sﬁ&e%ﬂﬁ&ﬁéopﬁf (Sellars et al., 1998)

aspl rati on erman et al .

. 19
2cnm)ﬁbenemsev@pscoele\m&‘éﬂﬂoe e pieaCalogin, 200y gﬁﬁarﬂswoubts about
glut!hg' %igtg{é{ge&r 3 cfel?t%ﬁnﬁ et AftdraP LR FRR stufatiBh laBd SheSbecurrence of

1 and fi1beroptic endoscopic eval uati on
( Laspheation2000; Col odny, 2000) have raised doubts about
the exi stence of a relationship between arteria

%)ggﬂ sat ur @t iR AnGhe iRFRKE li8BGR: & th@ﬁ&hﬂh%%hﬂ@ near the larynx
Cervical auscultation involves listening t

br‘aaww ofauntngaabmicraphend stptpseonsyorRasplesmeter| (g?lylﬁ@@éli  1185) place
(S:hr 1‘91? gg&%e Iti %ﬁ? 9&9 i 286 3RliRE ‘Bﬂﬁgaﬁfabl@z&ﬂ H& aspitation detection

on t e neck. It ener al K
r e@dgiyspbegia agegmpmtml ﬂc@g-tg@tcavdﬁgm@{ el a? o955 Gichero & Murdoch, 2002;

asgl f.at i.pn; debge % Qv ds\(tﬁé?lh %hﬁdéi‘&f‘ epa®Nthd Ngold standard of
| ong- term Care 8 enner ef al 5; G chero &

MuyidepdlngrotQpR ; be@demyglu@tton@ven wg]@ gqywal HB%@U%PII Yiglsjimited accuracy
00@616695 ?rg d&%@%&p&aﬁ@ns%h&m%ﬁ %ﬂ&@rl@%),fSehna et al., 2001; Sellars et al.,

1998). Indeed, our recent research shows that aspirations identified by clinicians using

cervical auscultation, represent only a quarter of all aspirations (Chau, Casas, Berall &

Kenny, submitted).

[0008] Swallowing accelerometry (Reddy et al., 2000) is closely related to cervical
auscultation, but has entailed digital signal processing and artificial intelligence as
discrimination tools, rather than trained clinicians. In clinical studies, accelerometry has
demonstrated moderate agreement with videofluoroscopy in identifying aspiration risk

(Reddy et al., 1994) where as the signal magnitude has been linked to the extent of laryngeal
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et al., 2001; Sellars et al., 1998). |ndeed, our
recent research shows that _aspirations identifi b
ctlpvatien eddieti 22000k Beeeatlys é&%@&?@%ﬁ%’hﬁw é‘%?vé’rskéﬁ‘ Veoér%ﬂ?n“rated

e AL SfiotOfccitbdy ASRbSHdzadE] Ghdidysflagia’ swBkmal (Daget al., 2001).
Kenny, sq%)m tted).. [0008] Swallow ng.a cetlgrgmsgi in classifying
(Revekyr, priocar swailpviy ssceletamsdaiogy Bt Aies iy 6 REPTF Y

sl kBl AWsphst” BagioRRtall ®@es doighroaide Sk@dal information about the
processing and artificial intelligence as

delinige] stnerfiterPafieél s, rather than trained clinicians.

In clinical studies, acceleronetry has denonstrated

ng%@rt e agnesiBRhin bhvidéddredkdspy 0 anal endoscopy requires expensive
i dent1fyi n& aspiration rjsk (Redd%( eqi alt. ’t3994élov\{rs]{3%9 specch-
asquinveens jageh drained Ghiptesrippals ;S 38 f FAdeEty SUORRERRERH T P
o{an%@argé’ g&ﬁ@b?h%@ﬁiés‘? nodaRem thsive tprocadures220 AYt. wibdandted/by children
fuzzy commttiee neural networks I}%avewgeggnajt&r a’g‘%d < 2 need for an
exnd capmdt e hiagiipa iy adminisigred forexigadgdmeriofs of GFHge ANt

" dYSDRRGE Hon-SVatve QNS pbrkidt Béthéd of as@Bfidy detbdoiom\or use at the bedside

prior art swallowi ng accel eronetry only provides

| b quesdde; oA theripssititignpl SHURE- assi fyi ng normal from
"dysphagi c" swal | ows and does not provide broader

i nformati on about the clinical status of the patient.
[0009] Adm nistration of videofluoroscopy or nasal

e sy of the layeptian oy hensi ve equi pnent and trai ned

prof essi onal s, such as r adi ol oqgi.st., I l.ogu

o0& fkechl aﬁtg‘&é‘@Bbjﬁcéf’ﬁ@’Fé’bﬁsggl 0%51 é%?rt"%gﬁgﬁ%?ﬁg%é‘? %/nél mejthOd
PR AR SwallEvii@ictivRy that abiviatea beutitigytecitiléagiann ofifhg above-identified
cannot be practi.cally adm nistered for extended
p&ispdaatags of BEAFNF™ There is a need for an econonical,

non-i nvasi ve and portabl e nmethod of aspiration

detection, for use at the bedside. and outsjde of t. :
i HeQ1lE ut i ondin aweti Hgthe SRYRREM, PBYidFh & ri“%b%‘*]? ?ro%etichggﬂvauomng
It oS5ty @Bm! Iggcﬁ, afnstope present invention to provide a
ntg{:/e‘lgtysys erln an%l n%st hod for detecting swall ow ng

activity that obviates or nmitjgates, at |east .Of

t he above-i defsHi%g 3@&%87’(%“&%% %@rgéeng?g i“ﬁa@"%}n g?t%g t.
[0011] An aspect of the invention provides a nethod
for detecti ngirsotab hiQwisnigyodednires from thowignilsi ng t he st eps
of : receiving an electronic signal representing

swal | ow ng "’};?Js'sﬁfy'iﬁg t.he signal as a type of swallowing activity based on the features;

and,
generating an output representing the classification.

[0012] The electronic signal can be generated by an accelerometer. The features can
include at least one of stationarity, normality and dispersion ratio. The classifying step can be

performed using a radial basis neural network.

[0013] The swallowing activity can include at least one of a swallow and an

aspiration.



extracting at least two features fromthe signal;
classifying the signal as a type of swall ow ng
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out put representing the classification. [0012] The

el ectronic signal can be generated a
ad@UPkr onet di° erHRFUNE Ry Elﬁﬁa? ﬁ@gé@g{%’a?s By f s, features, the
Ofexi$dcahd QP tIstaonaiBf if@Hdifiy/tha Rellodingpet-semn rati o. The
classifying step can be perfornmed using a radial basis
neural network. [0013] The swall ow ng activity can
include at |gas o] irffo 8 YRIieVeraBslo@Rlapping bins;
aspi ration. [001{41 fﬁ'el'ﬁlégﬁ%ext raigfﬁ% ngwst ep canmi) ngcl ude
stationarity as one of the features, the.extractin
step of st atdctsHEPIREY tPtﬁ]c‘P“E}meh&fttPﬁgnWeF ghieRgse attangetnents, (4rour)
sub-steps: d Y k@i @uid Se@b@B @ deteithded pl urality of
non-over |l appi ng bins; determ ning a total nunber of
total nunber of reverse arrapgenents,, Alotai,) . in.a .
mean squar e SSEBEHEE S?faélo’iffé%{g W) %Sg?ﬁlg%f?cﬁ pdipg 4o the following
stationaritygfgahure (z), determ ned according to the
foll owi ng equation: " _ Arotal ~ MA s A where: mMAis
the mean nunber of reverse argangeents expected for a
stationary signal of the safetength. sAis the
standard devi ation for an equalo'4' ength stationary
si gnal [0015}heRach of the bins can be between about
one ns and about nine nms in I ength. Each of the bins
can be between afouis the meemnunsbes pre v prrangsyents fipeptgd for 2
| engt h. Eacstatibnari eigiml nfthe smoedengtbout fi ve
mlliseconds ("nms") in length. [0016] The extracting .
step can incl ude mos thelstangerdadevintien fofr an puiaf lepgth ptationaty signal
extracting step of normality including the follow ng
S ﬁ'@(’)ﬁﬁl eps: st %@[h?'bﬂp NG bO et @NBbut fie RAVEA 26618 iR in length.
a it variance ("s"). )

Each of the bins can be between about three ms and about seven ms in length. Each of the

bins can be about five milliseconds (“ms”) in length.

[0016] The extracting step can include normality as one of the features, the

extracting step of normality including the following sub-steps:

standardizing the signal to have zero mean and unit variance (“s).

dividing the standardized signal into a plurality of bins (“I”’) each of about 0.4

max(s) — min(s)
0.4

Volts, where ( 1, and wherein a highest bin extends to

infinity and a lowest bin extends to negative infinity.

determining observed frequencies (“n”) for each the bin by counting the

number of samples in the standardized signal (“s”) that fell within each the

bin.



di vidi ng the standardi zed signal into a plurality of
bins ("I") each of about 0.4 HaX(S) - mn(-v) Volts,

wohersa2287and wherei n a hi ghest bin extends to 8C#/CA2005/000942
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infinity and a | owest bin extends to negative

infinity. determ ning observed freguencies,(".n. ") for

each the bi rﬁleﬁymé’élﬁr?fq?er‘fffatf’i‘?@u‘ﬂ&’ﬁ%é’f 8 &n 1sﬁl)eFﬁlémed under
st andar di zedyShgn@aptidnVdt hétaklifyelbingvat Ohinqeae (Xhaatistic using the
bi n. determ ni ng expected frequencies mfor each the

bin is deterfPi9¥de under the assunption of nornality,

using a Chi-square (X2) statistic using the

followi ng:. determining the normality feature using

the follow ng: 10310 (X 2) [0017] The extracting step

can include a dispersionﬂrathovgsqﬁge of the features,

the extracting step of diXépepstén—ratio including the

foll owi ng sub-steps: determ ring” mean absol ute

devi ati on of the signal according to the follow ng:

det er mi ni ng d&Ermningtipumrmalitefeptyregsing g folgwingie si gnal
extracting the dispersion ratio according to the

following: S1 2 [0018] Another aspect of the invention

provi des an apparatus for detecti.ng swal | ow ng

activity conprising an inpu°5m§ Se for receiving an

el ectronic signal froma sensor. The el ectronic signa

can represent swallowing activity. The ap.aratus&Les%mmes’ﬂle

cdhpiT] ses a THeorbesnp sER FACHARECE SEPTHOR 17EO PH ARf ©
d ee\{(trgc%ing Qt?é gitrc]ﬁs QR%E?QJOantI&H%ﬁ%tBé Aibwil shieagls: t Wo

feature he signal . m croprocessor is
further operable to classify the signal as a type of

swal | owi N9 afkdining Rased Mofukke déveiotr &S the THgnal according to the
apparatus al so 1 ncludes an output device connected to

t he m cr oconlle®wiPef or generating an out put
representing the

S, = ;lz—zn_‘,'xi - med(x)l

i=1

determining an interquartile range, S, of the signal

extracting the dispersion ratio according to the following:

S
S2

[0018] Another aspect of the invention provides an apparatus for detecting
swallowing activity comprising an input device for receiving an electronic signal from a
sensor. The electronic signal can represent swallowing activity. The apparatus also
comprises a microcomputer connected to the input device that is operable to extract at least
two features from the signal. The microprocessor is further operable to classify the signal as a
type of swallowing activity based on the features. The apparatus also includes an output

device comnected to the microcomputer for generating an output representing the

classification.
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[0019] The invention will now be descri bed by way of
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dr awi ngs, in which: Fi gure 1 is a schematic
resentation of a st em for ‘g%becti ng swal | owi ng
mﬂFt $Q%RH’6'E,ISWJ‘3 odi ment of the

| nvention; Figure 2 is fI ow char,t epl cti

£ GPOR0t act i Ao GG PRt o PR Tkt BRREg PR end wit

anefhate 8 meadidmabyind dhkigd, Wvenith:on, Figure 3 is a set
of graphs show ng exenplary signals that can be

det ect ed usi the system.in Fi re ur .
graph showi n]gg‘gﬁzﬂﬁﬁéaymﬁm ’E?B’Eese?#"!f‘ b S)()Sge ggoﬁgiretgﬁtm% swallowing
by the met hogtivity ifrlagiérdand; withi et odimiest of tiedinemtdn; c
representation of a syst em for detecting swallow ng

activity in accordance an..alter

of the inven]fa 2R 2 1 ﬁ‘?’ ?38“’5“%% ﬁ]lo{lf fGefRNRR R bing activit
repr esent at i i@RAcoidaacesyitt @mhédmbdéinect afnig isvaatibrowi ng

activity in accordance with anot her enbodi nent of the

invention; Figurgs 7 shows ted
oll;jlgﬁg SRS t o \éﬁ)\x}l %}%?’lp%}( El als that %an be detecte

appar atus f Fown
systens in Hhsggrtb&yatem%ﬁngutea in accor dance W|th
anot her enbodi nent of the invention; Figure 8 shows a

rear view of .the ﬁgp%éa%%%ﬁo&&g e#e%gbﬁ ‘%{/ Wg?aﬂ WE Gertrated by the

IS aschematlgurrepre I on
det ecti ng swatthawnfgguacd;i vity i n accor dance Wi th
anot her enbodi nent of the invention. DETAILED

DESCR PTI ON (G, THE L WVENTL ON L0020l 88 43tk R @lclifWRaloving

ternms "swall©o and enet ration are disti ngui shed
f romthe t ermtl'vaslpmp@rdagw withren alfsmativeerbpdimenf of the invention;
"swal l ow' is the safe passage of foodstuffs fromthe

oral cavity, Fll:,l %ﬂ% Qugh st:ﬁe‘ﬁlap?’ RORRERHY ofBydtdth @ortcﬁ%cting swallowing

esophagus. a swallow 1s acconpani ed by a
period of aparv@alt)mmtahcmﬂﬁneerwlﬁhﬂnmhelf ehediment of thenyentipy
protected airway. "Penetration” is the entry of

Lor ei gn mat eﬁl%@x]es b MoQs R Grifioh Wethe Bifar MRt forfetRfiibadt86wing activity
y

from the systems in Figures 1, 5 and 6 in accordance with another

embodiment of the invention;
Figure 8 shows a rear view of the apparatus of Figure 7; and

Figure 9 is a schematic representation of a system for detecting swallowing

activity in accordance with another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] As used herein the terms “swallow” and “penetration” are distinguished from
the term “aspiration”. As used herein, a “swallow” is the safe passage of foodstuffs from the
oral cavity, through the hypopbarynx and into the esophagus. Further, a swallow is
accompanied by a period of apnea with no entry of foodstuffs into the protected airway.
“Penetration” is the entry of foreign material into the airway but not accompanied by
inspiration. However, “aspiration” is the entry of foreign material into the airway during

inspiration. As used in relation to the embodiments discussed below, the term “swallowing

-6-



i nspiration. However, "aspiration” is the entry of
foreign material into the airway during inspiration.
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bel ow, the term' smallomﬁngactivity" means a swal | ow

or an aspiration or the absenc ei t her N .
o@PFé@WeWgﬁﬁlarﬁﬁfﬁ]ﬂ@” OLARAPIEARPTH G B 27 SW“F;?!? e%ﬁqwelfleol?hef gribodiments
OtN& 1110ty ¥HRGSti Rl 8% et {ol BEer fyPed dfdbtgries @nidirgtpetdiration.

[ 0021] Referrlng nowto Figure 1, a systemfor

detecting swallowing activity is indicated generally

a3 Syst REredhd AGY lﬂ&ﬂ?ﬁgufml ac epstent dorededactiBel stimwings activity is

pOSI ! Ie%&%gerglgrcaé gsef’ggfr{%{qép nsch griﬂllcg% tgr&met I.”E tha1h F é)%?l?{)]ﬁed on the
t Qurbir b Yt 98.nBt aﬂiﬁeseﬁﬂelﬁ%aimehb aca@ler@naddr 3t4h83p1aced infer-anterior to

accel eroneter 34 [
aﬁ]i‘ee‘ihb’@f*dp%f}g P 61i1a|t \S;I?eg?}%s( ?fgtgug %eﬁ? %6 18|a11 eld r;“(): [Tegsure anterior-

a po QB tvitRadions pS\}‘saJrrUS) flgo inhl&ﬂeslaScoﬁipﬂﬂﬁ%}tp@aiatuS) 42 that is connected to

gr%g%esé{?eggrtge&éa adlggﬁ Ak%e]?ng ﬁg a@%ﬁrv‘glgeggg gAEGISSS as des1re:¥vI ande c%rrespondmg
ARP bPsHrdtetntbitced bridederoeteCieing appaedter 423BinkAd can thus be based on,

ap afﬁ%?% US il 40 fi&%ﬂéﬁr@(w%sggé‘?ﬂ 1?§aé%d$1§1uetooth 802.11 and

Rsfszﬁlgantd ol @ DivBdon ﬂuﬁﬁ)‘ldﬂ%d&ss @OBMJA ’,L (ﬂthdgorlahfrequency multiplexing
varlants Code EMV|s|on

5 e Ac

A PBOURLS T St § AP (1 R oy LGB B o gpgigpmere: 34
3Qhalt§etﬁa%m@<£vﬁng fetivRE RipaBer@8gel eration signals from

accel eroneter 34 that reflect swallow ng activity in

gﬁb@%gtr Oﬁgt Oagér%%eglt {gwﬁoc%{&%%;gctcéeer%gl%%f “}EQE ’the EMT 25-C single axis

SN
AGReI@6asEt £im fSiamnSiCanRasMEaikadgs, Oﬂtml @zmad;gé,EMT 25-C”). Other

Ontari o Canada EMI 25-C h
oEgon T v boCtgl gehisdhosept TR LT e

[0023] In a present enbodi ment, conputing apparatus 42
Jobmsed on Elh@)réseﬁf&uﬂobdlgleﬁnwmpmnnmmpalam 42 is based on the computing

functlonallt
uravirenment ?rﬂg‘n}faggahgpﬁ?gg%cl%ly 1%%193[% fe(rggﬁ%cg ﬁ{%{ %Qﬂ 1ﬁ<f1udes a chassis
5450ftﬁz[t fRhese ﬂislblﬁlg 5418 presantipgitseamdpa apd a phtaht}yoquey*ﬁg/ o1 receiving

8 for receiving user .in rat
ot ot Py 2L s TR 20000 5 s 2
C JonRset totcakeorabier Bined tnk 8% Uomputing kppéBitus@3rustinglgdes any suitable
appar at u

t.hus includes any suitabl f
T R
St Qkta@Cstc. Qﬁaﬁﬂitble regplsmsd iagreatt detailselow,| dompetingapbarptnedl is operable

in greater detail Iow r
e e ST A AR B e s
t Oarid @&R6iton SRS hdivitidgbyamtsentitgyoufpuoen dispddy 4 gnal s, and
report on those act|V|t|es by presenting output on
y 54. J00 .
@g%ﬁ i npl e § itd hlglp %al\r} gfﬁa&ﬁ §!€ g} Eg(ﬁp%rﬂ]sn&ﬁ[)ﬁsadnﬁ vfious other
aspects of system 30 reference will now be made to Figure 2 which shows a method for

detecting swallowing activity and which is indicated generally at 200. However, it is o be
understood that system 30 and/or method 200 can be varied, and need not work exactly as
discussed herein in conjunction with each other, and that such variations are within the scope

of the present invention.

[0025] Beginning first at step 210, signals representing swallowing activity are
received. When method 200 is implemented using system 30, step 210 refers to the
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aspects of system 30, reference will now be nmade to
Figure 2 which shows a nethod for detecting swall ow ng

waaebisvesyz7and which is indicated generally at POD/CA2005/000942
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30

However, it is to be understood that systen130 and/or
nmet hod 200 can .be varj d need rk ex

di EBeaERd Oheleerite i RS ﬁiyu HERFSHCle Of BACRE SERaT O Hog® Nigrals
t hednpstiedh Mﬂfalt@t 4ZZJnS' hange \bf tabdelerdrhers®b peasf thhh ecceleration signals

present |nven 0025, NN first 1€

Si rﬁp,‘rgq;egthge FI]% %c\%&l}t)[ 85\3’ gg?la\ﬁ trilcelch(s_j arnecglllevté dthe unique
WianrabRetidies o?Ql% EMT wbemea&ledlemﬁ e ﬁlyfhta qmesaa, els’ttodpnent unique
210 refers to thegeneration

el ect
acledtes eargedpung4n dlpmagm?ee%fé{mﬁf mgliia $ th glsgoav exam les of signals
C OfRRhh BreBRRANRIng EMIL 25- Chﬂdﬂd&ed gﬂ‘nexaﬂjz G| 3®O,Cmiﬂtsp¢c1fﬁ>élly at 304, 308

means that accel eration al sentin

svigd] Hi n%)e 1§ W YSY §FH N a—gﬁ ?gpég s an, gyfa\%é) i &t ‘ﬁlglcal paediatric
dugphfioh RIS itEHI @oRNRvAak OF ivddd-eBscOdftativhaitMIgrdb3@ is an aspiration
accel eroneter used int hg?eﬁr esent enbodi nent

T ) B! ROEB TSN S E A AREES GT (B 12 n sspiraon

Si gRnl that gJotBlyE RondtabbOYE & &dhesarphg Sb@radysant kaancastructure.
be recei ved using EMI 25 C i ndi cated general ly at

300, and speg i ficall 3

veW Yener al ?@?"ﬁ% it % %Y %‘Hﬁocﬂ?‘ Shgn%ls%ao flr%%%ﬁﬁy A dah, and can

t Wé &@ént Rpestioat bf Svallows br&hbtmii asti fgnaltshad h@h dperined/by the inventors
e-sense stati rit naJ

asﬁ??trtg‘? ?létﬁ‘g'ét}"é‘ gffnefhﬁ%fl""ﬁ%fa??%&%g‘%%% st nlgPtés%gv?'?cffO?QOth agpiration and

evelallowg DiRftd e GRewrREbShaghigtibudiba, gammlmmlpmsu wed to estimate the

signal_ that portrays no tatl nar i due.to .

R0 b PRl 5k T LY oG e g s

HoywBdters iof tHeSgahﬁhabﬁsttiﬂLdﬁ)h§fdiiQ§)itaﬁats sidgnallevs3tBt canebe associated

sinply raw data, rese irations or

swiith 6‘%“1%)?1"}?1%3[ ng?rF 5 ar}zte F%a%%gen det er mi ned by

the inventors that the distribution of nedian

accel eration ri wed f or

aspiration angﬁg%ﬁﬁﬁg%é‘h ﬁ}%pstpfiea?hzs@ﬁaelv%ce%egg% nst he

di stribution; I%Fartml‘isr gh-strbutior—+3 Swoﬁu to—est ||u|. e
the_spLead_fw —en hara ters Ehi-A—st gna

| n| Bragmsteul aMaxipi s 33 b° ﬁ t958°9 o¢ %ga:iﬁ‘% para )D Conﬁdence

of| t he gammalikglibeed put YFE or aspi r! $1°88¢ and el

swall ows t h? ]PSW he ed wi # &S

si jgpmead (@00 VYOO (L2 EN 7920 L3Ehog o o T [22713,5.0128]
L olclecation (Bhil 1dA6®ad ofl (473 62kccell 89538 ons [ 00pM04HQ086]
stationarity and normality characteristics of signals

300 are summarized in Table Il. Stationarity is

measur ed by the nonparanetric reverse arr e .
L oE08TInhi | & FBY Rl aRESy 280 Reraelib GlRBgriren e S 20 ave summarized
di §f fivhtil SBidassds hRkadurdf bythe hefhamelicte@adtinangements tests while

normality is measured by a chi-squared distribution-based test of histogram bin counts.

al o

D

(P

Further details about stationarity and normality can be found in “Random Data Analysis and
Measurement Procedures” 3™ Edition, Julius S. Bendat and Allan G. Pierson, John Wiley &
Sons Inc., (¢) 2000, New York (“Bendat”), the contents of which are incorporated herein by
reference. Chapter 10 of Bendat discusses for tests for stationarity, while Chapter 4 of Bendat

discusses with regard to normality.



Further details about stationarity and normality can
be found in "Random Data Anal ysis and Measurenent

weénrosades7es” 3rd Edition, Julius S. Bendat andP&riCanroi=000942
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Pi erson, John Wley & Sons Inc., (c) 2000, New York

("Bendat"), the contents of which are |j
h&3088h by) r Splle Erfbes ShOWRANED SFeFrd SsEmlant SurSryed S’QW aspirations
f Ol tBaioss @ cSk@bbdaNRY tht Yiatihatityearidhapinglity 4harbotEesnckadt received
discusses with regard to nornality.[0028] Table Il

t bigaalstvehnes sgnekeR)V.general , exenplary, summary of how
aspirations and swallows can correspond to the

stationarity and normality characteristics of received

si gnal a6 6 SBtiofiarGityand ndhality aldractbdisticSobdigmahagceleyations

and normality characteristics of signal accelerations
[0029] Due to the skemwness—of—the b

it PIPY £
bandui dths,a ganradp STEPRYE: on i s tsed—g Aot rire—
2 - ST Putr o T—S5—0STtU U < A~
t h&talienadBi on_est i mat el TPABOUSEHIEL oy baneig }rm‘fatgtg‘pngc '
caNemaditfed using a dik priglalingng wﬁtﬁecc,wu? éiVéc?llagl,Lgnormahty

ten levels and determning the level at which the

cumul ative energy (starting fromthe final Ievel of
deconposi tion) exceeded 85%of the total energy. This
dejp(ri nes the RS haseindsdton thowdistrtatiaisgotathei bendwidths, a gamma
question. [0030] The | ocation es%.i mat i.e.an .
b 1 i VAl BT UERE. B gy bandwidhs can be
f reeMeRs ﬁsiﬁ’%g dib@tehvA a8t dRolsdsipant ahdtels#A0 deermioing the level at
about 1100

_ _for aspiration signa and nore .. 0
oD vy on pe e Sobat Db e b gectet 5%
Hzor 1R NGaIR%EBy. D sRicREAHES tBbE Y, beldweRinfor hpuignsl if) kizestord
about 940 Hz, and still further preferably about 928

Hz for aspiration,si . '

e 0 ot Tty AR RRR g o o s

gi%e\ggeﬁley em(gllidﬂér% Bdzbebvieed kg}wtt 7008z Itz afont 1 HQelZ fowvaspiration signals,
s, and nore prefer

v aisly a0 uGEdon BELUSEL AR s cven mor

b e ehly 8BGktn 90t iDHaRAI soat940GR0 atdzstillafinrdhes pprdférably about 928 Hz

further preferably about 613 Hz for swallows. [0032]

Hel05 39579488 88%Y signal s at step 210, method 200

advances to step 220. At step 220, a determ nation is
Ngges1as t 0 wWglibRfiomatignent theabort 8SBritequensy andwidh can be between

signals receive ste 10.. T iteri '

S O 00 & oD gH eSO b ot bl fFS) 8ycen about

Pr AN tin A5 0BRE andwh@nmere prdiriiig bapgaraabuts 9@ Pz and about 630 Hz,
accel eroneter 34 that

receives a signal, magni

Z)é’(gﬁté@g‘gg?% "rglflﬁ F‘lé‘g’ﬁgﬁ %Oggvgamlﬁ‘r”%sent enbodi ment of
[0032] Having received signals at step 210, method 200 advances to step 220. At
step 220, a determination is made as to whether an event is present inside the signals received
at step 210. The criteria for making such a determination is not particularly limited. In a
present embodiment, when computing apparatus 42 receives a signal magnitude from
accelerometer 34 that exceeds an “on” threshold (in a present embodiment of about 0.025
Volts (“V”)) for a pre-determined “onset” period (in 2 present embodiment about thirty
milliseconds (“ms”)), event initiation is identified and signal recording begins. The next about
12,000 samples are recorded, corresponding to about 1.2 seconds (“s”) of data. Back-

trimming is then performed to determine when the signal activity substantially ceased. Such

back-trimming involves counting the number of data samples below about 0.05 V, starting
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Volts ("V")) for a pre-determined "onset"” period (in a
present enbodi nent about thirty mlliseconds ("ns")),

weverst122917ti ation is identified and signal rececdiaagoos/ 000942
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begi ns. Tge next about 12,000 sanples are recorded,
corresponding to about 1.2 seconds ("s"). of data.

Btk 1bF el ofgha soardiam Qnef ey ruet BRI R g the end of e
Si Q08 g% 1Y idedm&U RS hARt bedh |iYentit@s el tiRUERl of the signal is trimmed
back-trimm ng invol ves counting the nunber.of data

o dhpelean. o P GHFSEB STPOGIGR, (200U SHRTIFTBY FREh @UbHRU}S 000 sarples

t I'tﬁe.rag&grldé BQf ab8VeBhilettofl RN bctBXGLEMSal it Itectied foy analysis as a
data points, the end of the useful si

hainglesegal. injether ombedimspia ORI BT S gsls‘ialars?sgee‘ﬁ%ﬁggg as desired. 1¢
t rth@?@%o‘r@ecrrﬁé‘rfaoﬂé nbtmé, Hef seRtderRhiael nesdp 2202@0an event has not
sanpl es are recorded, but about_ 15, 00 l.es

oot o5 Bepd SVGE R ESI0A FOPGHEI T SECTITIE e ffgn method 200

al aEiQaer% Gy 9eh98h foepai38] Rl tBe Afnals thithEd Redi@Na@lstep 1200 is refained
ot her empodi nents ot her nunbers of sanples can be

r feorsdetsteras0desired. 1f the foregoing criteria are
not met, then it is determned at step 220 that an

evigid3) has NotexdCa idperhoa RidripRt 70 dxt2Rd rdnu Kiesret@dat gipnals. In a
210. wever, if the criteri.a

| s nmet then nmethod 20
VeSS B SR TR S ORI AP AP e fatres
t hali . &rh&&Pr ded at step 220 is retained for use at
step 230. [0033] Next, at step 230, features are

extracted fromthe recorded signals. In resent|

prigPiired enBofTTERExTEt g}ei %‘1’?8&?{% Teas 1B Blio)(}edglrﬂedlny(:hapter 10 of

g' ]?é?ﬁﬁtt% grﬁplf)%ééilg gj]u@tlr, ﬁletrkﬂgﬂfed fig@dl,Us @ividet atto asreoverlapping bins each of
xtracted. [ In order to ext t the stati | :

f eaboulr )‘é\’re 1@1}4 ebqng& éd]eﬁ 29 (1ien f%‘wai r0¥ ?%y g?mé(%% pris} tl'en%g{"." t’ltl% received

ﬁr@?érﬁ}’&‘ﬁ- hdweké! bebc_ﬁh@ecf iﬁl@)ﬁlbﬂ-fe%r%blgﬂ@bins ofetiveeh disait buetros and about
on-overl appi ng_bins each o out five mlli .

( "THB® JS,(F ._n@_re praferaglyt betvegen gbout Ia‘F?eyn% acﬂgpq%glét)se}/eﬁsrgs. ggﬂhse.re the signal

( -ﬁlaﬁgtﬁ,%lﬁﬁéd%reﬁi %_n‘@{’ isﬁ?ﬂ%n hepaveatltiphef dity, thedgrahtves trimmed at the

non-overl appin i ns et ween -ahout d_ab

i FRREE 1 SRR EELP LA BRAS e S0P Sl pRegipore vatue

ﬁg\?i-ﬂtun %ﬁ:‘iﬁ%ﬂ%m Was\Wb@b@ed. NBles 0B &dtal henbdrlof rederke memigements, referred

ein as "Z" is not an integral. | tiple_of fifty

t hie hereirfil Amadn femifrR 84t SRS R e W d8iatp ves as the

Si GRfhaRY FARRS MIENRBkMifdd BHdBEY) Byuatilextt, t he mean

square value within each wi ndow was conput ed. Next,

the total nunber of reverse_arrangenents, referred to
gerein as ATotah in the neaﬁﬁgﬁﬂ%} sequence i s
etermned. Finally, z-deviatg serygs as the
stationarity feature whichZis Hererni ned accordin
'S—dgzé__ ding to

Equation 1. Equation 1
where:

114 is the mean number of reverse arrangements expected for a stationary signal of the
same length.

o is the standard deviation for an equal length stationary signal.

[0035] In order to extract the normality feature, an adaptation of the procedure in
Chapter 4 of Bendat is employed. First, the signal is standardized to have zero mean and unit
variance. The standardized signal is referred to herein as “s”. Next, the amplitude of the

standardized signal, s, is divided into I bins each of about 0.4 Volts, where
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Z = Total ~ A A where: mA is the nean nunber of
reverse arrangenents expected for a stationary signa

wofhodshe2sgane | ength. A is the standard devi ati 8QT/CaR0@EN00942
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equal length stationary signal. [0035] In order to
extract‘éhe Qgénality feature, an adaptation of the

prO¢ ey —mt pter Be [ ‘ﬁﬂBL ~
thg'signay4is sjaag%PlF%%gﬁfggﬁ%§égéero %%gﬁwéﬁg&ﬁhwfxmmkdto
vari ance. The standardi zed signal is referred to
hemeghtivedsfiniy” . Next, the anplitude of the standardized
signal, s, is divided into / bins each of about 0.4

Vol ts, whereThe hi ghest bmextended to infinity a % ,
t h90Bvest bNPexthe plrrarred Beqyerpisi /0" pash P ﬁrildﬁ[tm%’ﬁ y counting the

Nextbef 38 Ql@él@g Ve the! LARMRAREA %%851 ol feBaGIhiRBag Bin. The expected
deternlneé counting the nunber of sanples in the )
st fiemiemaiisz éd B gacl bin Hadeteratined yndeyi the @asFPHeR off pgrmality. The Chi-

te)légq%grte%%tlgt{c%gg&ﬁ et 49 cg‘%nylﬁ% «{Bfni s deternm ned under

assunption of nornmall e Chisquare statistic
was conputed as shown in Equation 2. Equation 2 -0-2 =
(, - 2i=i , [0037] Finall Eauaenhornal ity feature is
conput ed as shown m Equation 3, Equati{.on 3 10910 (X 2)
[0038] In order to determ Ké-=t é%dEE%LJSion ratio
feature, the nmean absol ute deviati &h of each signal is

det erm ned accordi.ng to. Equation 4. uati on.4.[ 0039
IS he- i i BF o DT PA e Sy AL B R L
determ ned. The interquartile range is defined in
Chapter 2 of "Introduction tByuagdudt estimation and
hypot hesi s testing”, Rand R WI cox, 1997, Acadenic
Press, CA. Finally, the disgsgﬁt@n)ratio

[0038] In order to determine the dispersion ratio feature, the mean absolute deviation

of each signal is determined according to Equation 4.
Equation 4

AT %i|x,. —med (x)|

i=1

[0039] Next, the interquartile range, S;, of each signal is determined. The
interquartile range is defined in Chapter 2 of “Introduction to robust estimation and
hypothesis testing”, Rand R. Wilcox, 1997, Academic Press, CA. Finally, the dispersion ratio

feature is determined according to Equation 3.

Equation 5

Sy
S,

[0040] Having extracted these features from the signal, method 200 advances to step
240, at which point the signal is classified based on the features extracted at step 230. Ina
presently preferred embodiment, the classification is performed using a radial basis function
neural network implemented on the microcontroller of apparatus 42 to classify swallowing

events in real-time, as either swallows or aspirations. Further details about such a radial basis
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feature is determ ned according to Equation 5.
Equation 5 2 [0040] Having extracted these features

wobra®miiss7si gnal , nmet hod 200 advances to step BPED/CA2005/000942
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whi ch point the signal is classified based on the
features extracted at step 230._ In a pre

prafctior aguehbetrkemn, b¢ ff@méll B EhariE at i%n egraLﬁ\k%?r}‘r%éor Pattern

u%e (ggnﬁoﬁ’a@hﬁgto BRhopIN695] ORreABSH Bjessnekﬂh@f (|’<B1shop”) the contents of
enmentéd on the mcrocontrol | er of ar at

C et Hy iSvRapaTed hereyBnrderrirer dBF S RSkt f i€ he tec
; \gg‘!nlc%\ﬁsfeﬁﬁre9§@f f)&ﬁ 198 Dutpld 5iRGE nGi@beriak Sts &h@dﬂiﬁcaﬁbhchf the detected

basi sfuncti on neural network J
Chigstoé swallogfing aqHyjtya [0 PAEHSHEF-I28 opigpt 1 p{f? qu,lwut ?15 a531gned to represent

R%%Ql%%st dn Qn outptf lewd] @P Qf%rut B 36 QPresek? Qﬁmra@n@f ’Em:d&ﬁxfork architecture

Press, rd ("Bishop"), the contents

f
[ rq:gnﬂlqtm pﬁt}@@ W@p@,o’qrrworpc@?gefoe%g ex'ﬁr.ﬁ:éedn%?% IS18 gl-mne radial basis

OR&ILAbh ﬁm{sgie{e?rﬁﬁe& BEmbALRGa&Nt hamingPrécRairt b&sutsed in “Bishop” and
I nputs, and output a single nunber ag_ its

cloms gutputg,mti spressntingheval eV es vk asptr?tﬁ)g ilg Gightyt meﬁadlal basis units is

aﬁ)trésgﬁtfyy%re%ﬁe@ aih tdiser| edtbodident® Yot bbdue kelengifive bi@ Lﬂboﬁi dne-hundred
assig to represent swal | ows_ and

ofraditlhasis onity qap be @gﬂdeg*@ﬁp ogygbprpla{dilrgqus i?qfﬂ éﬁﬂ)@ %B‘?ylgo aLout ninety-
arg Al Lact & \gr%sdaﬁtb% LQEd tdﬂr SfrebpdRLhS t6 Qihé Qﬁ’@ﬂfldl’ﬂh@] firgt layer is

each extracted feature, eighty-nine radj \k)ya
{ meoliconandhibe Scaged daym 1duesr BHh lar?theﬁfN@FC{écthF St of fhg metwork

Pragedy BFth@%oﬁhﬂel‘nl padh bivis' BheHARP whikd the (8 €onA kY of thdi detwork is a
representing swall ow ng or. _aspiration, Wile

ei gightediinger stamiatien afaky fﬁdlﬁrhaﬁlgﬁwgtl%‘roég’é‘ﬁt ly preferred,
i n other enbodi ments from about seventy-five to about

one- hundred radi al basis_units can d,
ot[Ae41] enbodi RIS MoBnioa bzt 21 ?/t?efoﬁitggufh%wn b the results of

ni nedhihy @teﬁsaﬁ'OEMO lFasd Surbbiel bs d1$1@f¢nb§gﬂii‘se drheakdtter plot in Figure 4 is
correspondi ng to one.out put e firs
s

nomily e dinagagiopaheshoWIENRRLY aypé?t Fis Egﬁm fﬁaJ‘”f‘-’ﬁ St g, normality
WO A Sres.t B Barf el sSén thANBY sqRired Ethé Sda&rplot @ﬁﬁ&te&ﬁl&r@ispﬁd’tﬁns actually
non |near radi al basis functions mhll the s
| pevrh e e o e e AP R A ey dRegH POt vas
nbadl &hhild ap%kf%nﬁlﬂgl Glettod 200tip L&)ﬁjunc[tﬂﬂ%}h Raécarurosc@y so that the
to Figure 4, a scatter plot is

' ot SvaH BB G e GRS 2B e R G perfomed
{t{?eﬁgn% 1Rt NAd1RsifidARnSTadel 28 bteP L3 coul Hel \@ﬂﬁﬁi fbr bguracy. The line
di nensi onal , show ng onl

stladlp@iﬁhrat 1400 f i aFigte 4 \f%PreSF’F’Fé Ll ‘%{Fﬁl 41?‘)‘}“1%]5{3 f’%g'eenl plassifications
sREERH {hidbwi ARl SHHALES Wifille shife SeautcatentliDthe scatter plot show

I cate where aspirations actuall ccyrred,
t heclossifintan AGsh e S0 Flﬁv%“’ﬁ]cwgf’??wag{?@’ﬂﬂgr% W majoriy of
S Cmatllg%m@e%nté’\ﬁ@ in fact correctly classified. Further improvement to the results shown

in Figure 4 are obtained when the third feature, dispersion ratio, is used to assist in the

determination.

[0042] Method 200 then advances to step 250, at which point an output is generated
corresponding to the classification performed at step 240. Thus, where a particular event was
classified as a swallow, then display 54 of apparatus 42 would be instructed to present the
message “SWALLOW?”, whereas if the event was classified as an aspiration then display 54
of apparatus 42 would be instructed to present the message “ASPIRATION”. Such messages

presented by apparatus 42 could also include colours (e.g. green associated with swallows, red
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generated while perform ng nethod 200 in conjunction

W th videofluroscopy so that the actual swall ow ng
wactisvizesy7coul d be verified, not w thstandi ng POECA2005/000942

classification perforned at step 230, so that the

classifications m step 230 could be verified far _ .

acisencied. Wlﬁlwmr?twa%ﬁ oF AHEEY REABC 1ot &B‘f £°fszaﬁ°w’°°eepmg for

repfesend)s a rough dividing line between

cI assifications associated with swal |l ows and

irations. measu in the s .
pI P4 how a g?”é%ﬁefhrog;% Do A t"ﬁlr ng AN PR ec%ant %déuSt how the
acCfebtihg tsyBangOberforabd @norlgr actedwdet yspirdtioas rafaql duckdaye eallows. Such
swal | owi n ntsaelnfa correcI

5 FLﬁdilﬁ‘g]?enFS?Fﬁ ?96 BELRR f:BasEzij1 gn ?%B%}P% gongiste eXc ?P/pﬁloff Ifoo(a t&e size and/or

ar geqRbiicgionBduthfily belng@ fielell ichatiea e aad tlml&per sion r at i 0,
| s used to assist in the determnation. [0042] Method
@Bﬁlﬁeln Sag\éﬁ esglglilg&%gzﬁ glggeasg%)daﬁlatt as ?rﬁth%glﬂ)b 1@nimplemented using
cl @pstaful C4L, 1 08 Peoréoontieids actf spspamuﬁmz Fhude phoeided awith software
particul ar event was cl ai dt Cf) R swal | ow, then
di REPFATTEE IBFTUggns FHTHROM ]ﬁlg\%ﬂ?g €' instructed to
present the nessage "SWALLOW, whereas if the event
10 wamogdjassi f i Refering amwa@p}“lgmﬁora dybtem i SlpteetingSavalipwing activity is
ap rat S 42 be truyeted p
E@ "gﬁ%eﬁ?lwf{ %Qf\ %}(ﬁ %g Sacé&é%s pa:: glgrglﬁ% B]h lg%i)/rnpo.nents that are
ap@ﬁﬁt&itﬁﬂy 42 samelagthalcsmpomasnts idsystol ZﬂUr,scc@eilrg;ly, ghahdike components
associ.ated w t R
aslfﬁaf (thel s3mg )retlgrﬁacie\/&argctar %xcep% qaﬁo%geglb gg 51W.f ik Ry a3 'Sga rl%(ate system 30a
f oinclavéla rombte eie pd0aghd wCoalsqoied artaJ adling)1044 @@@Ba]ratws%g Like link 46a,

15 f [H%ﬂmﬁ g,% ee%cgr qlﬁgxgl ﬁ:gg\lilr}arl%le fs gﬁ% bAdeh (B%aatn? %ngreg ﬁro?&gl respec‘uve thereto.
r eﬁlé@ SwldRfink 304208 shoan Guriniig eﬁh&ehrswﬁhrlﬂetywsn uigy ti9a and apparatus 42a, it

nts to feedj as
c o%’@fl@tq;g ﬁ‘&%?g‘?:}?edttg% éIl ‘?S?edr %8131 hrtﬂf hees ?nz %0%2% g? @%ﬂg‘% y éon%nf 100a via
of caviti pssthGthbrigh gecoltforteee34a0 patient 38, and the
l'i ke. [0044] It should now be understood that as

mst:o:ag% 200 1 ?grrnn% &TE0hL4 1H§és}% %Pc?%{cgtlféﬁ ts48da 51{33108ah On system

ontr ol appara rovid W t
20 soBtansee 260 ofynethod 209 is pefarmed homsugoliles Mtqﬁ dighiol04a is coloured
met hod 200. 0 Referr oWy b tent
f oPTCHL ARG Iaﬁ agég} alran gs 4%% tﬁ‘e n %sﬁlo%g(l; gmé 8 g@eﬁ ngl{t &ffikn patien
geB&y @abdeysfially sSQRowsSslioator Bgla 108ao‘s @nies’e@red,m @ractifated apparatus 42a

conp nents that, are substa llows. Onl
coﬁ)pgﬁe‘ﬁ’t é"’?lﬁ%ﬁ?s%h%%f e tégr%%fl%é'l% {i}%gggﬁ ﬁ%&%'@@a (?WS Y one
comararntight bedarant hesasatm” refig gone Bme hagsant wrsewkeoafising messages.
foll owed by the suffix "a". O note, system 30a

25  [0047] Remote unit 100a also includes an alligator-clip 112a (or other attachment

means such as a safety pin or the like) so that unit 100a can be affixed to the collar (or other
suitable location) of patient 38a. Unit 100a has many applications. For example, where
patient 38a is physically able to feed him/herself (e.g. certain stroke victims), then patient 38a
can thus use unit 100a to provide feedback to patient 38a.as to whether a swallow or

30  aspiration occurred during a feeding event.

[0048] Referring now to Figure 6, a system for detecting swallowing activity is
indicated generally at 30b. System 30b includes a number of components that are

substantially the same as the components in system 30a. Accordingly, such like components
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includes a renpte unit 100a that is connected via a
link 104a to apparatus 42a. Like link 46a, |ink 104a

woamsaptdier be wired or wirel ess and based on aay/CA2005/000942

10

15

20

25

30

desired protocol respective thereto. Also, while link

104a is shown running either directly b [ |t w
106er thebmsppiicate aRolsr exegpt Sollgued o ﬁﬁ&%&gﬁ? Diteq e suffix
' fOf\Mo'Eee%DpaltaBﬁ 2b indkad QAR QORREEdvica s ad disrd disc drive, or flash
unit 100a via cabling passing through accel eronet er.

3UBndo 0BT TRSHBY, Ot FHATY % PrROFRIAEPT (I locpgs @ number of

lights «dQda a8d1 I083verPrrisy 61 k. 3qRe cHpacipy 8B&hchfa persistent storage
met’hod 200 is” perfornmed using unit 100a. Inqjcato

| idgkice B0 chesergpcording e the duatio dlgiﬂés g’eft%f%ﬁ’t Sdesired:
apparatus 42a to the "on" position to emt a green

| i[96uo) When  pakieRrioh 3Baudssciess Eothpuser $ 16 thaniscomected via a link 120b

I ndi cat is i i
e 2oL O 5 5 e eyl s by & oo
| i1ght 12¥pedn PRtk@Nb 3Salosd sigRssth dry steivdl dnaomputenll J6bofiven time to
i ndicator light 104a and_108a is. "

G S AR UL T R Y
Reppl s URh stoll0agrlsSfor iahE destes pamodl (d.9afatent disigry;1thddification or
(or other attachnment means ,sucr} as_a saf.et Ln or the

| | tegkingpfprgessiggisteps g Teeeatiatg diferenf Yag of Bw%l‘l’?gmt%"t"f“&?y cic.).

(or other suitable |ocation) of patient 38a. Unit 100a
hagosmny applineatdopnsan Ees texaiiletionahese that irgiating3 eogramming

Is physically able to feed hi ersel f certai
SRRSO QORI AL B TEAcdgs BT v R P mouter 1161
10Qaiti010060vi de feedback to patient 38a as to whether

a swal l ow or aspiration occurred during a feeding

event. [0048] Referring_now to Figure 6. ,a. s
del0@Hi ng s \A%Tff’w AYY 5‘gF’ig%ef y a’ilcgé’igah‘gf%%({n/eeg haﬁ%eé%&é%g}o{‘ gﬁparams 42
?L(al?c@@s vaﬁ‘il&tgl@ﬁ) i Qi_ﬂic}ml@@ hﬁlﬁe.s Apparatndc iretudeoaponien bScomponents that
at are substantially the sane as the, coppon | -
syt @pbsenRalyAE SPHF g e C%IB%(}’?QI?F K& agpbaﬁapt%sn?r)l s Z\E%Offd’{*ﬁg’ such like
§g§@qp6§e{n@§ t?ﬁ]rct?e &E&rraﬁieﬁée ohxaeptexbapt Follweed byythe beffis (1 fihstead of the
' instead of the suffix "a". not e, . :
e APpaFat Lot draieel o ERRA el §inin chasis
di §0§> tﬁ’e{t b¥Wers glra iftbrag RohpaBaELAgpeats ABNTIhy battary & charged via a power
card, to enabl e apparatus 42b to record a nunber of
S|@ﬁﬁWéZ@U%ﬁmﬁgbgﬁgﬂﬁpmgﬁdéaover period of tine. The

capacity of such a persistent storage device is thus
chpasn accor di bt been tihPigttersatppentof2s plgnalckdesratradle 28c in which

to be recorded. [0049] . System.30b jncl : :
D5 ST, SIS R TS R BBy o o
ap%@{gat(u% %ﬁ@actlﬂldskml ROMR AWM N eoork Stivk' Ik dnto whighrdatacass be stored
an( ased, on an no otqcol. Lin :

t oma]btwﬁg élgaaq§ §L§K 3% ggqv%a 0a SO5 fRpPLE s(?f%g' ﬁlgﬁn%gsf‘%?gﬁ%@ﬁgrsal serial
f 1 509 (*USE”) pBrts 136 which can be used, for example, for a link such as a link 120b.

[0053] Referring now to Figure 9, a system for detecting swallowing activity is
indicated generally at 30d. System 30d includes a number of components that are
substantially the same as the components in system 30a. Accordingly, such like components
bear the same reference character except followed by the suffix “d” instead of the suffix “a”.
Of note, however, in system 30d sensor 30a is omitted and the functionality of sensor 30a is
provided in a distributed manner, wherein a pure accelerometer 234d is affixed to the front of

the throat of patient 38d (in the same location as sensor 30a), and a separate processor 140d is
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time. In this manner clinicians or other interested
parties can utilize |laptop conputer 116b to anal yze

weuals/1320red signals for any desired purpose, PETHA2005/000942

10

15

20

30

patient history; nodification or tweaking of

processing steps to_djfferentiate different. t f .
svRePesTRr gy 2e eTometsy Zg‘{dc"lﬁ ﬁ’F% B%‘G] %P?Fﬁ“’igﬂ)‘%d TEERveR b sgnals from
beact@élerg{n&@ﬁ%?%ﬁ ,sh&pes t H@ﬁi 1ntd>p§igirialsﬂ@%dghﬁgﬂﬁ m’rhp’pgratus 42d. Processor
instructions for par an_be upl oaded

DA 3 SRR%PRY 16 AN acla&fpﬁéﬁé? tof SR R RO, Provided
[ 0Qplke 5f £diktriB@edRivirer) Whe@by &Bsof aptkti, 424 includes a persistent storage

varl aié’lts?lg-}/?%)nahﬁag ﬁ%ﬁ&@%ﬁaﬁ@g%%%g? a{]}'g (I)A_t? smart card, to enable

i %&;Mﬁﬁé} 49b WHEB®E aGlunberpongalsssuthad sigiat 3@04 lstaperiodlof Yime. The
the sane _as_ the conponents .in

AcEBRGY ﬁ§ F‘-S?h a Persistent q@a@gﬁﬁgenlé ﬂ{)ug aﬁc@gﬂ, acl;:ﬁr m§ Jo the duration of signals

r ehr.eNe®e edalaaet er except followed by the suffix "c”
i nstead of the suffix "a". Apparatus 42c includes a

rechargeable ttery sed Mﬁt

50003 Hat pov@% & SPQS‘R I?rcﬁﬁ’l m\é\%%?ﬁ 8£ {Erigys pglﬁ)r gsr a components of
42%e p ﬂé!s&ag fﬁ@éﬁn@ﬁ Maﬂe&)e&hﬁﬁﬁ@%d WéréinAit POV apparpp Itg/thjb®4uf skﬂl in the art
connectable to 052

Fi T@ﬁﬁd@Slg? § wﬁfépgﬁ‘lﬁg alg&e%igftaégeﬁ gcalaé%negts g?g%ﬁ a%teTi‘réve combinations
V\'lhéfQ:HesI: Eafutellafd btﬂﬁﬁoné@@@n bAptilideatad deshd Edr&marnpie;loﬁdreysor all of the
o s s S SR B, Ko v
WhigeheaslBd enbard beinsk@amgdd anddsiieli. ng si gnal s such as

signal s 300. Also apparatus 42c includes a pair of

universal seri al S U 1 Lch n .
US@Q’ for ex (ﬁ:FﬁX%mp FIS lsslol’[%1 Rg glﬂffg togé @l‘é’cl\{wﬁ%lhﬁxktyﬁ%dg R}ﬁ)ratlon Sensors
Ej%’cﬁé’t] ﬁhB@faeJdIdr?}@etﬁow tcan o quse® vBth sppsopsinenmbddifications to computing
etectin owi ng activity is |nd|cated ene
e VR SERAR Bl RGPS Bl o s
t ha@ibplaseeURSE afitrbptohy), tvhﬁleSMga&)rmﬁmang: cap]mattemt@ fepord received
system 30a. . Accordi ngly e conpane b
R N L
" dvelddit§] RAthgondpbtngSaphratas "4 recofd reneives], Velt[mv@\sgnals joper time. Such
e e Bl S Y T kP e sove
Whey &hdd t@hfilgiied od CaRkes:magionran® 3dskificstiaf thereefdhdt ovarhwith the type of
front of the t hr oat, of ﬁ@flegt 38d (in the sane

| otSEYrsiene! R RE PPPIavFd) 4 d5HE o separate processor 14Cd

i sconnected to accel eroneter 234d via a |ink 144d.
Pr mossisor 1486 afi@hee ivinéaion avhiki appabtss #2comskavaetigh ometllerfor storing

2 23 O SRE7 o DT T e PP e 3

appafaak)ls 42d via link 46d in the same manner as
previ ously provided,

[0057] As another variation, different versions of method 200 can be simultaneously
stored in apparatus 42 (or its variants) and apparatus 42 provided with means for the user to
switch between such versions. Such different versions can be directed to extracting different
types of features and/or detecting different types of anatomical activity and/or employ
differing methods to perform the same result. The user can be given the option of switching

to whichever version is desired by the user and/or most suitable to the needs of the particular

patient.
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in place of a a distributed manner, whereby sensor
apparatus 42d includes a persistent storage device,

weoeuals/1azs7a hard di sc drive, or flash random aceesgA2005/000942

10

15

20

25

30

menory, or a smart card, to enabl e apparatus 42b to

record a number of_signals such.as, sj 00,.. ov S
DGRBH of |t infoin THERERLEERE GPIE At AR b SRy T sationari
St.LABE HR\dispersiof ritidlise Giie Fesuracharae exratted, tithie to be understood that

duration of signals_that are to be.recorded. .[0054
VARG ptéer(;mbydbg}g@@i hep fety s APE4YT c8ﬁ1§1n iong ﬁ'@rei?g?elmo%sex?ragted that can be

f SadqUiER1BNE sEAMRAKRLHIcEE. OFort drEmple eSBil preseuen teiso prefiared, it can be

been di scussed hereln, ié W.l | be a ren{1 t 0 t.ho§,§ic)c>l¥a order to

o i yired o, SR gtiect 39t 8 FRtePa, REPE G AR PO Faliod

f 8aliH Rt B aGRNROBENHethen A Pafticulat wedlloairigverent is to be classified as a

conmbi nations of these features and conponents can be

utsielloveer aspigetiesi red. For exanple, of any or all of

the features and conponents of one or nore of systens

3Qgos3Pa, 30 amethaOdrians, Spaampdl ainis cdafguralto brelude “fuzzy logic”

conbi hed or interchanged as desired., [00 EFQ .

eXeisfsineappaatus &2 31l GoRERp ‘{?ﬁg éﬁggft‘l%%a" %f R 5?5'?"38%6% gha peniayally update

OfjtsVavl Biite@d) fSeNS@imindt WRethdrhanaspia@he voretlEw, D4 affen swallowing

be used wth appropriate nodifications to conputing

aFeBYIEYRS datsctedani | e presently | ess preferred, another

sensor can include a sensor that neasure displacenent

( qo@somi Cr ophoseld Méy becurtdansiond) traonthert typey ofppatemicalsaciigities of the

record received, di spl acenent oii qn | s ovgtrm.{ié's
ncl

- i irati d
A5t §FUY BNt dIORSBr O HAT 108150 3@0‘%111 SREGHes g oo aspiration an

NMBRaH6Wing, V@h Qi dejectel aving gpeopratt mndifiegtioas af e teRhings herein. For
record recejved ﬁel ocity signals chﬁeeﬁeatdi B

Si FAEPS, EoRlmEnEAThEEEIVE B TR 0 acE6 er af'%‘ﬁﬂ’ coughing, cryin.g’
Si Bl aped, 1RE@GRS Sach agiviiesbagbeled tedaslobibe existencst dfer potential

S R RO B BT g s

t HEF ¥B0Us FRRIHRRs R Fec

begms pyaeomasand §Béy disbrddr0056] As anot her variation,
whi | e apparatus 42c is shown with a cradle for storing

unit 100c, apparatus 42 (or _its r ant :
ebele 5 or Ramties yurifigh: iy SER AP fbofifflo 3 Bpu deviee that
V akdllanéade bid-Smulhs Wepoasiad toardeteated Bpe ofgetiditf  ergemtlevice to stimulate
versi ons_  of nethaod 2%\(?) c,cacgl be sinultaneously stored in
appHrEh whenep SRR 8 458 %nt s) and apparatus 42

provided with neans for the user to switch between .
supbeaer si onk shdilitksalbé frglerstvod viat sthemiypesand fepiurel ¢aa deegtracted in

to extracting different typ eat e @ho maximum peak

de?rg%rt % ﬁscaﬁt%? et & Celja/rpgg% o?fs 3%5?%&0%{{1@%%?{& \E/itl41 Tty _ p_

angléqaenogMediyin frequency, autocorrelation decay rate, skewness, kurtosis and the like.
Further, other classification methods can be used including mixture of Gaussians, generalized
regression network, probabilistic network, multilayer feed-forward network, linear

discriminant function, neuro-fuzzy networks.

[0063] Furthermore, while apparatus 42 (and its variants 42a, 42b, 42¢ and 42d) is an
electronic device that includes circuitry programmed and/or configured to process signals
from an accelerometer (or other sensor) such that it is operable to classify those signals as
different types of swallowing activity in other embodiments apparatus 42 can be based on a
variety of different computing environments, such as a personal digital assistant or notebook

computer having a special software application. Similarly, the device can simply include a
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differing nmethods to performthe sanme result. The user

can be given the option of switching to whichever
woenwies77s desired by the user and/ or nost suPCaltlAR0US®00942
the needs of the particular patient.[0058] As an
addi ti onal exanple, while at step 230 of t.had 200

s seitof endigetor Yighthoerea P iPeij ob dic tPstﬁv% OBy i dicasing g syallow, the

f eAL UL S dlclide RS i@NSd. aFhRbker the fdrat oF abaratinge; sfpaths 42 can also
that in other enbodi nents ot her_ features

. : - t?lnd/ or 1 ice so that
c dnvbida an ingesface Fs EERRECUORAC B @SSR} SRTIRYEST Oh SeT SRRPHERg Aexi

t b | 1L QW Ghs B EAHtectif hispBXRNE)| svallowd hrel/or other types of
gg%%%ﬁﬁfyﬁggggﬁreferréd, it can ge desired to sinply

Y :

exwallastingas{ivibisn 8¢ urlpaded 815519 ty, nornality and

di spersion ratio in order to make a determ nation as

t Qoopapt her  anpatbbicadsaibed Waltoinieh@ 6V €t invantion dve intended to be
cllassified as a swal | ow or  as iration.fﬁq959 A% effected thereto
aEATRes of 49 RreseRinnveR g alieralions anh modifie R May 2§ o' ’
| G lEe of dcliZit ¥hd £9kehouMagsafing fidRBE sdopsofiBe inivérdtion which is defined
continue to track signals that are collected and
c@ﬂlﬂyméhlq(%}m@b%@@’édeﬁg‘%re@vm criteria for determning

whet her an aspiration, or swallow, or other swall ow ng
activity was detected. [0060] It should al so be

under st ood that other types of anatom cal activities

of the neck structure, in addition to or in-lieu of

swal  owi ng activities such as aspiration and

swal | owi ng, can be detected using appropriate

nodi fi cati ons of the teachings herein. For exanple,
drooling, trachea nuscle tone, turning of the head,
vocal i zati ons, coughing, crying, snoring, apnea,

breat hing. Such activities can be used to detect the

exi stence of or potential for various conditions such

as cancer of the larynx, collapsing trachea, sudden

infant death ("SIDS") syndrome, and sl eep disorders.

[0061] As another variation, apparatus 42 can be

attached to an output device that wll provide

bi o-stinmul us responsive to a detected type of activity
-e.g. a device to stinulate a cough when an aspiration

is detected. [0062] It should al so be understood that

ot her types of features can be extracted in order to
ascertain a particular type of anatomical activity,

i ncl udi ng maxi mum peak frequency, nedi an frequency,
autocorrel ati on decay rate, skewness, kurtosis and the

i ke. Further, other classification nethods can be

used including mxture of Gaussians, generalized
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regressi on network, probabilistic network, nultilayer
feed-forward network, l|inear discrimnant function,
waewsn2ta1zzy net wor ks. [ 0063] Furthernore, whi PET/CA2005/000942
apparatus 42 (and its variants 42a, 42b, 42c and 42d)
is an el ectronic device that includes circuitry
prdg¥xed and/or configured to process signals from
an accel eronmeter (or other sensor) such that it is
oger abl £nt@oftorasitdig bR i giatysomridhd thestepioft ypes
of swallow ng activity in other enbodi nents apparatus
42 can be based. on var erent conp nput i ng
envi r oRFREINE, an§1?8ﬁﬁ°rﬁ%51@al3’§’?é%eﬁé?g %Y%“Wnﬁ 2ldVstant or
not ebook conputer having a special software
appl i cakirfing Sileast ol fdaturésfeontend gnaban si nply i ncl ude
aset of indicator lights - e.g. a pair of indicator

I 08 SR B Sl o

apparatus 42, apparatus 42 can al so i nclude an
interf agaﬁerﬁtﬁfg an ontpetrtpresenting said ghssantion. conput er or
ot her conputing device so that updated progranmm ng
tr i ons r ty i ati 0 erated by an
aﬁ%/or &}hg}ﬂ?§p%€%% saa g%fﬁ%ﬁ%g%gé??i%%%ﬁ D generated by
upkaddedettther et 0. [ 0064] The above-descri bed
enbodinents of the invention are intended to be
€ e. me de of’ E‘lg %eﬂw}{e&\ﬁ? ga['lél QAR dindlle ﬁtafehﬁ Q)'ﬁe @ Qtationarity,
dlflca i'ons e efrected thereto, by those of
shmhhﬂnmmthhm@mmprMKnhout departing fromthe scope of
the invention which is defined solely by the clains
apép endef} NELeLQsr Hafth Wh%rem%aﬂ%ﬁé@ﬁﬂnﬂg%@epQ§§&f&rh&gusmg a radial basis
swal ow'ng activity conprising the steps of: receiving
ameetabottwolii ¢ si gnal representing swal | owi ng act|V|ty
extracting at least two features fromsaid signal;
classi fyiNGedidd &k GLifNAhaSindsaldyRa1ing Werlit9ihdi@es at least one of a
activity based on said features; and, generating an
owtvpallow pedaneaspirationg sai d cIaSS|f|cat|on 2. The net hod
of claim1l wherein said electronic signal is generated

bys an apgel,ahesi (9511‘1’1 BwhdieR s@ﬁt&‘élgctﬁ sGpahdlndes shgsmatity as one of
sal'd features include at | east on ﬁﬁg%]onarlt

1 cxeifildrengs, 4916 XIS R SN S BTRELY TP AEHE SY0-LPnsi m

3 wherein said classifying step is performed using a
radi al Raging s0e dieAdl ifieh YRfdity of non-overlapping bins;

determining a total number of total number of reverse arrangements, (A7) n a

mean square sequence is determined,;
extracting said stationarity feature (z), determined according to the following
equation:

ATotal — :uA
Oy

Z =
where:

L, is the mean number of reverse arrangements expected for a stationary signal of the
same length.

G, is the standard deviation for an equal length stationary signal
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5. The method of claim1l wherein said swall ow ng
activity includes at | east one of a swallow and an
wagmisriazd7on. 6. The nmethod of claim2 wherein saraA2005/000942
extracting step includes stati onarity as one of said
features, said extractln ste L at| arlt
c&h ofw

i NGl udi ﬁbﬁ mefhod ¢fi 9 86%6@@}1 W&eg gl?o&t one ms and about

Si giRans ifk@t@ plurality of non- over | appl ng bi ns;
determ ni ng a total nunber of total nunber of reverse

arrange T0ot in anme u

deb-er m et@?({ éﬁ%ﬂrfl IQQY2 hergingeagh gﬁalgﬁ’ I? et‘?’eatag?uce%%lree) ms and about
dege%lmnmﬁldelf,g@ﬁor ding to the foll owi ng equation: "

Tot al ~ A A where: mMAis the mean nunber of reverse

o OS2 SIREE A et ST s A Ry o

I ereggth stationary signal 7. The nethod of clai m 6
vvherei n each of said bins is bet ween about one ns and
n Ien . .

¢Je| njrﬂeal(’f‘?ﬁ%# of %“}“8 NS %al(gg i %%@Bg%%lfc{eﬁh@ggﬁg as one of said
anﬂ:aﬁkh@,@md&&ttﬁﬂﬂngmtep of rloemgitth mcmdln'ghk firidowiog subfstepsai m 6
wher ei n each of sai d bi ns is about five mlliseconds
("ms erei n
sai d exf‘tPIéJ& Safd Srﬁna ﬁ\,&%éllag%raﬁa cﬂn@éx{%ﬁgé‘g% sai d
features, sai d ext racting step of normali té”l ncl udi ng
the fol Huidinppasishnéirépst simebintarmdirlim gt bias I's eephall a‘?%lt 0.4 Volts,
have zero n and unit Tarl ance (V)- dividing said

st andar ghged BEYSET THHED aunpl waicadis tayhigHfestobinSexféntis' Yo infinity and a
each of about 0.40Molts,| max(s)-m n(”~) where and

wherei n_a hi ghest bin exteng.s toinfinity and a 0.4
lowest bin extends to negative infinity

determining observed frequencies (“# ) for each said bin by counting the number of samples

in the standardized signal (“s”) that fell within each said bin.

determining expected frequencies 71 for each said bin is determined under the

assumption of normality, using a Chi-square (X?) statistic using the following:.

determining said normality feature using the following:

log,, (X*)

11. The method of claim 2 wherein said extracting step includes dispersion ratio as one of

said features, said extracting step of dispersion ratio including the following sub-steps:

determining a mean absolute deviation of said signal according to the following:

L ilx,. —med (x)l
(=]

determining an interquartile range, iS,, of said signal
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| owest bin extends to negative infinity. determ ning
observed frequencies (" n ") for each said bin by
woawsezgy7t he nunber of sanples in the standar #8CTE&A2005/000942
signal ('V) that fell within each said bin.

det erm ni ng. expected fregquencies mfaqr each said bin

i s det eﬁ"xr‘ﬁa%@é Sﬂﬁé@?“?ﬂé”ﬂ%%‘ffﬁﬁ]ﬂg&ﬂths ol MRl i ty, using

a Chi-square (X2) statistic using the follow ng:.
determning said normality feafure usi ng the

following: | g10 (X 2) 11. TheSpethod of claim?2

wherein said extracting step includes dispersion ratio

as one of said features, said extracting st.elg)_of . device f
di Eper shofpppmtu ofof HeiegiiengValREmeotusl (FErRYHLE ¢ Bpgwut device lor

delte%igjn% LN GleBrdiRAH AP §6IUL @née Vsl diitofit spahldese@htig swallowing
accordihg to the follow ng: determ ni ng an

| nactivig armicfoeorppiiggeonnspted By sadinppt deYridaPPakip i Grig) ¢ least two
di BDGFSHOR sﬁﬁtslc%ﬂalﬁ&%f&df)ﬁ)&@oﬂ fihdr 8pdrabi 3G 1assifyZailidigndl as a type
apparatus for detecting swal | ow ng CtIVIt%/‘ . d i
COﬂf[JFWQé]iOfYQT_g g)ﬁvqty]gggﬂed By saick fqapyres; @ . i 4 ﬂﬁp ndev1lce connected to sai

el ﬁlﬁtr(fcgﬂlgﬁtexsfoggﬁkraﬁﬁﬁﬂ RApRERSREentiSRdaf @dseiGittioni C

signal representing swallowi ng activity; a

m croconputer connected to sai d i nput device an

opét-abl Ehe gresateaof M| &hsYhersilh SPEatTBsst Plbemogéﬁndaccelemmeter’
si gRalonosidodtiyGERpy ocessor further operable to

classity said signal as a type of swallowing activity

based on said features;_ and,.an. output.devic Co
cokhect b SRPSHS @ RRE 52 SHpsinFid 5 S AsPdf i gy gue of stationarty,

ouhfthiifyGRd eSseRliddvdtisai d classification. 13. The
apparatus of claim 12 wherein said sensor is one of an

accel eroneter, m ¢rophone, vel ogi .sensor. .14, . .
appar at dée %HP"“@F”éiO?rfli‘gn %gbgﬁlﬁ 5| iCSJa)é?lé' JF RETTIE] E%lgg 3, fadial basis
| egsta19B8®08f stationarity, normality and dispersion

rati o. 15. The apparatus of claim 14 wherein said

classifying is perfor si.ng .a radi al LS £

ettor k Tha ghparis Sh i b wherHR Sif b A Ble AR nOGMs G ast one of o

SWakAIRW 4Ad a@6dpirstidny | ncl udes at | east one of a swallow

and an aspiration. 17. The apparatus of claim13

\gp i:: gTﬁg !ctp%ar%xtuts r()?glgljrrp 93 W ecl:rleiH geﬁé e)ﬁ}a%ﬂgolﬁaﬁ&eg ¥taﬁ§haﬁﬂﬁas one of said
features, said extracting of stationarity including:

dividing said signal into a plurality of non-overlapping bins;

determining a total number of total number of reverse arrangements, (Aroap) 1n 2
mean square sequence is determined;

exiracting said stationarity feature (z), determined according to the following

equation:

— ATotal —:uA
Oy

Z

where:
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features, said extracting of stationarity including:
dividing said signal into a plurality of

waamsaez7r appi ng bins; determ ning a total nunBer/caR005/000942
total nunber of reverse arrangenents, Atotab) in a
mean square sequence is determ ned; extracting said
stationarity feature (z), determ ned acc%£§in% to the lof th
f ol | onitads BETSH BILSLRIASRRE PRANGRTFIES PAPECIHEIOh? ey sge’ of the
rever séa8? leagtheent s expected for a stationary signa
of the sane length. Ais the standard devialiqn for an
equal I%nghp stardard demaon o gheaualiepsthmpdiongy Signdl s of
claim 17 wherein each of said bins is between about
0ng. s 1R off U188 1TBwhdleih @A dT. saillDinsTib Se@pRp@ biduti Sne ms and
of claim 17 wherein each of said bins is between about
t lsbews nipg meAYlcAHBuUt seven ns in length. 20. The
apparatus of claim 17 wherein each of said bins is
ahout frnk@ppardthd SrasRMAT Whefsn $ach Bf badYink is ktweehhbout three ms and
apparatus of clajim 13 wherein said extracting includes
n@peuipevey midn GABhof said features, said extracting of
normal ity including: standardi zing said signal to have
Zepo NMedR apRehtilbfllaian 7 a#heein Eack)of sald inslisngowdivel milliseconds (“ms”
st.andardi zed signal into a plurality of bins ("I")
edelfngh about 0.4 Volts, max(s)-nmin(,s) where , and
wherein a highest bin extends to infinity and a 0.4
| owest Thienpgxitenelsldin 1agatdiyeid edtiactirtgyinclodes @pmatifynay one of said
observed.%re uenci.es ; n "%dfor each said bin by
c IR Y FERRTERL POSRIT AR i n t he st andar di zed
signal ('V) that fell within each said bin;
det er miskinBadiemp e«d eigndl tdguerae meamanfl onit saehcs Bi5Y- bi n
I's determ ned under the

dividing said standardized signal into a plurality of bins (“I”) each of about 0.4 Volts,

where {max(s)o—llmm(s)} , and wherein a highest bin extends to infinity and a

lowest bin extends to negative infinity;
determining observed frequencies (“# ) for each said bin by counting the number of

samples in the standardized signal (“s”) that fell within each said bin;

determining expected frequencies # for each said bin is determined under the

assumption of normality, using a Chi-square (X?) statistic using the following:

determining said normality feature using the following:
log,, (}A{Z )

22, The apparatus of claim 13 wherein said extracting includes dispersion ratio as one of

said features, said dispersion ratio including:
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assunption of normality, using a Chi-square (X2)
statistic using the following: \ 22 (U-Jdn "' i). 2

WO 2805/122871==l 1 m determ ning said nornality fearmMmneoos/000942
using the follow ng: 10310 (X2) 22. The apparatus of

claim 13 wherein said extracting i.ncludes djsper.si o
rati o A§tcppHainge meay EPSPIQEtdrﬁY%%QH 035?“& Slé?ai ﬁ“é:r(’%c*l?%%o Fhﬁtff?lgowmg'
i ncl udi ng: determ ni ng a nmean absol ute devi ati on of

sai d signal according to tRhezfollow ng: determning an
interquartile range, 82$1efigﬁhdﬁ@ﬂﬁﬁ | extracting

sai d di spersion ratio accofldilng ¥o the follow ng: 23.
The apparatus of claim 13 wherein said input device is
the i npatTpRnE#a{RtEtuagle RNt ts 8t sadssal pus (" usB")

port. 24. The apparatus of claim 13 wherein said

output device is a pair of indicator lights. 25. The
appar ateyfadgihe i @dispeRfoniney Rtdrdisgiothe fllowmigor |1 ghts
include a green light for indicating a swallow and a

red light for indicating an asqiration. 26. The
apparatus of claim 13 mhereinggaid out put device is a
renote unit connected to said @&pparatus via a |ink.

27. The apparatus of claim 26 wherein said renote unit

i ncl udes an attachnent nmeans for affixing said unit t
aP3ar ¢ QPR TG BRoan it MeRdev 581 tihab s 3
Of infeRhieZd VW @UsBM peatl d rendte unit includes a pair

of Indicator lights; said indicator lights including a

green |light for indicati a swal l ow and. a red.light ..

O T e apras g op e WP s Quibhiis Hais § pRE fLingPAlbr lights.
claim 26 further including a cradle for storing said

r enpt e THi dpphies of diafin 2@ NAlereinIBdid idicatvotlights indede 8@reen light for

The_ appar at of clajml erei n_sai.d .appar at us
f PIFGRE P ﬁwﬁﬁaf@d&f%% & va’vﬂtcatétigoaPﬁﬁpléfatl°er ’

26. The apparatus of claim 13 wherein said output device is a remote unit connected to

said apparatus via a link.

217. The apparatus of claim 26 wherein said remote unit includes an attachment means for

affixing said unit to an article of clothing of a patient.

28. The apparatus of claim 26 wherein said remote unit includes a pair of indicator lights;
said indicator lights including a green light for indicating a swallow and a red light for

indicating an aspiration.

29. The apparatus of claim 26 further including a cradle for storing said remote unit when

said remote unit is not in use.

30. The apparatué of claim 12 wherein said apparatus further includes a persistent storage
device.
31. The apparatus of claim 30 wherein said a persistent storage device is for recording a

plurality of said electronic signals.

32. The apparatus of claim 30 wherein persistent storage device is removable.
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device. 31. The apparatus of claim30 wherein said a

persistent storage device is for recording a plurality
wohowsarze7el ectroni ¢ signals. 32. The appar at usPof/Cakeisron0942

30 wherein persistent storage device is renovable. 33

The apgaratus of claim3 1 wherein sai stora BVIC&  orou

i $3sel dbe eppargtendl Pt loWpere Faid 3y eé’ te ont the group

F'o@x%ﬁ(lﬁmf,co%%a%/!shm SDQU(MWEBEQTMelﬁbﬂy(SIﬁGItTN) 34. The

apparatus of claim30 wherein sald apparatus i ncl udes

a port through which st or. sai ersi Stent

sB6r ag d'hg arnagadisof flepe @8’ P15 54 appa%us meludes 6 F?ar élfro%gh \?zhlch data

ClsRiddid iy hesiféd stoRkd ddpRaabddviniatisddes a port
t hrough which data can be exchanged wi th ot her

devices, 36. The a s of glaim35 wh -

pdft id he apnagats L Pl%g‘ﬁ%? 7 Cl‘alln&ﬁ]% ag%aﬁastﬁls IPI hle gfpor&ﬁ ﬁjgh which data
URLYEY xhanS&T Wit othedde@esst ; an infra-red port; an

RS- 232 serial port; an 802 1 Ix port; a bluetooth

g t%rPLCt 3}1@ aA %.}s g:nlﬁlgg 55 W, %%g%elng gor 18 5%1%!%%%% Ech%tgpcﬁl?%onmstmg ofa

NQGK et hefiQrbug poer At infigral ®irty aaRSFBP rsesad poitngn 302.11x port; a blue-
activity of said structure; and, a conputing appar atus
cdoRfRBY¥hbl e to said sensor: said conput i ng appar at us

i ncluding an input device for receiving said signhal; a

M3gr 0CcUpuietr focdureng @tivityoofaaieck struptute cdepiigee:and

operable to extract at |east two features fromsaid

si gnal ays% Igs |8 ’? #n ﬁ%aﬁﬁ‘gfn? CeRsQ ck Lk ngnega 85 20k e ¥éBresent1ng an activity

cl assif as a type o actlv ty based
sai d f edbaid eictudh)end,an out put devi ce connect ed to sal d
m croconputer for generating an output representing

sai d classificat 8 $d €F30fentdraisBid3 domputing apparatus
further® con%un%g %@aratu@e%qg%@a&ﬁe?’t oper aetlJ1 er z;ssoc?na%uedg PP

Wi th sahduding mutnpd‘edﬂvm foseecelving suid sigoph £ IW‘&T\?F‘?’T@I’% connected to
att aChmsﬁtl gl}%%ew%e M o% Jabl)é é(p gxtf;agt ﬁ@ea@trt‘wo%ﬁur‘ég from said signal; said

cl ot hi 1§'“d renpte unit having a_green
l'i ght frmbroprwessmfumger \ﬂh@rwblsm dassifit $aid tignai as atyRe ghagtiviiybased on

and a re ht for
an aspi ttjleao es,@gc? apo rl]l%lu{; &Qoﬂé@ﬁ@d sAlach Akkdo¥inb¥tet for generating

e ‘system o aim 37 wherein a
| i nk betnwatpot spicsbntensolclasifcatign.d apparatus is
W reless or wred.

38. The system of claim 37 further comprising a remote unit operable associated with
said output device; said remote unit having an attachment means for affixing to an article of
clothing of a patient; said remote unit having a green light for indicating when said activity is

a a swallow and a red light for indicating when said activity is an aspiration.

39. The system of claim 37 wherein a link between said sensor and said apparatus is

wireless or wired.

40. The system of claim 37 further comprising a computer connectable to a port on said

computing apparatus through which electronic information can be exchanged between said

computer and said computing apparatus.

41. The system of claim 37 wherein said computing apparatus further includes a

persistent storage device.
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40. The system of claim 37 further conprising a

conputer connectable to a port on said conputing
wappEriatars t hrough which el ectroni ¢ i nfor mat i ORCTAIA2W5/000942

exchanged between said conputer and said conputing

apparatus. 41. The system of .claim 37 wherei.n said ble to store a

cétput The Sepspaelalam Floviern saidRiHiRie siprags A8YIST i fperable to s

sgﬁ%@_(ﬁggﬁg@gﬂéz. The systemof claim4 1 wherein

sal ersistent storage device is operable to store a

plurality of said signals. 43. The systemof .claim4.1 ..

wWHer ei Ahe a7stPTpet dpigt Ehherins ldé)eﬁés\tFPg opege feyjce 8 10t flaifaining a

_ 1upelh%} 5 dferentRkdprdhrhihy ifrudiohd BF tierpGeid anitiopgcessor operable to

instructions for rendering said m croprocessor

oplssiflylseidsignadd| assi fy said signal. 44. The system of

claim 43 wherein said device includes a selection

mMaans QL sRemMblHing3 dheRhlsaidadesied mclidashisclactonenaghs for permitting

?nzlcgs(gg :tg gsré]gg[g] pv!ﬂl%hl (?nsét (r) %gicli Opr;ggralxmsmltng Bgtru%%grgs Psy to> BE qlsed by said

microprocessor.
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