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System and Method for Detecting Aspiration Field Of The Invention
[0001] The present invention relates generally to the analysis of swallows
and aspirations aigygieefnt iseiaoy fetadesdotmy dpparatishand method
for detecting aspiration. 5 Background Of The Invention [0002] Dysphagia
refers to any deglutition (swallowing) disorder, including abnormalities
withip et ahRkhasyngeal and esophageal phases of swallowing.
Dysphagia is common in individuals with neurological impainnent due to,
L(f g{& mple, cer raI E)alsl\{ m%%r%brov? cular ac nt braln |n

on's diseas€, &tfoke and' Itr ples g‘r}grsalsV 8 nd|V| s(%/(ow%r\fdu_ows and
ob,@ph‘a@aaa@@mnamw@ldm@sfpw@tmm@m&mﬂ mefbps forthicaipg agpiration.
foreign material into the airway during inspiration. Aspiration may manifest

itself in a number of different ways. The individual may begin to perspire

%ckh?afﬁamfé?%)ﬁe -ome Irlushed Alternatively, the individual may cough
su uent to swalls owmg n silent aspiration, there are no overt clinical

ofeasily recogn'@g& sgméff*&@owsamh%@ﬁ@ﬂmﬁh@swh\{ﬁm% i9il&der, including

particularly useful dividuals with sjlent aspiration, but is also
eS8 o e/ HiPHELERSHY AP SEHPHRETT REPhator BUay geRetigesi
healthconsedileness sittmas«bsanlcnlpnegdisease, asfiratiemple, cerebral paisy.

PSS rpo%%é% tdeee%g%%}lp r!jrgﬂdlll lﬁm&%b&oo%@y S&M@'%ﬂf%ﬁxﬁfé sclerosis.

estimate loh peop the United States.” Certain sources

.da@e‘szsélmawh;ﬁrﬁ?}marioeﬁﬁreaafé@%ﬁéﬁ%&ﬁﬂ%ﬁ%ﬁﬁ@ﬂéﬁew to the entry of
PRRLIBIARIR iﬁ@f A efrahy 1999) inkpraaecungnetf diffuseaspiadion a number

bl' e '§IO|IT'.’I:’IES“!’Q ntsé\/lth dlymph%gl?‘ﬂli noérlsmugeognn 8] fracg%qg\[egecome flushed.
ﬁedf atsuse BJ|&ht aspiration is espeC|a Fy prominent in
chtildrestivith dyesmﬁagfﬂaabn@u rimghinuarrestivhistendeggnst fhiatlpopinisig. there

(ARVEdsQD:Al almidld94%)- JAal QESIAKaILIMMArS AR SWRlIBMIRG The invention is
difficulties (Zorowitz & Rohinson,, 1999), which translates to 500, 0

pEHHRBEY y@a%fﬂﬁeﬂtsih t%‘éf‘%“%‘lhtsé@“féfé’ﬁf&{%%s%te‘ﬁaﬂ SO, 8B %y for other
aspindtionissegortedaiinid Sy oftheskeeasesiwhile82)/consequences such as chronic

lung disease, aspiration pneumonia, dehydration, and malnutrition,

[0003] Dysphagia afflicts an estimated fifteen million people in the United States.
Certain sources indicate that fifty thousand people die each year from aspiration pneumonia
(Dray et al., 1998). The occurrence of diffuse aspiration 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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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
all09948, compromigiag Tst BHIYFuler i sb cidr bty dndhggurrent gold
psyabasaeiadnpiheinger 1[04} Theimodified Bagymssuallanusign dysphagia
videofluoroscopy is the current gold standard for confirmation of
e TR et R S e al. 1995, The
mgtiekjementschinuestigbhaaissertent(e.gidkartinukianis! 2000¢8piutt apages is

abpd$R8)vid Rerapatient tnoestiginay 'hﬁﬂﬁ%@%@%ﬁé@éﬁ@%%\’/gﬁg and costly both
sequence of radiographic images is 5 %_%ained via X-radiation. The
i

miBdFiEd Barti EwaTiow BRoCEetRE s VAR A SO5R5 BEtRT9R°tEFRL dF a0adal.
tiemg amdekabior {approxinatdlly i Ga0cHealthf canerdeltads per (ratetdrgy ler, 1991}
Canada), and renders the patient susceptible to the effects of ionizing

ragiason (Beckrg, Gauler . 9Lin 000 EPIGARNS eRASEAPYMARAMRET & fiexibic

invasive technique in which a flexible endoscopy is inserted transnasally =~
intB &R po PR K, A ETE b ERR H5p el tha o MiaghosiEr appiicd in the
pOstzoper ativeaspiation (Biahimeib8Hvauliert A11999)1 aew) bedlsideide identification

Id&%ﬂﬁ?ﬁ%ﬂﬁ&?'&ﬁ%@%@Ig?‘tl%bél(eiqglregfgt?cler]t%%? pfl?'é%ﬁ?ﬁﬁv comparabie to the

endoscopy is generally comparable to the modified barium swallowin
tehpfil éﬁ%ﬁﬁ\/ﬂvf‘é}ﬂ&’ dpdEmicity fsrEspRatibh sosittEafios@igion identification
Maddenaatial «t20000doedetak Kalkass, 2000) wiithitheragvantage-afibedsidonent.
assessment. [0006] Pulse oximetry has been proposed as a non-invasive

adjiangt to bedsjde 15 assessment of aspiration. (e g., sherman etal., . :
1399;%I§im et aﬁ%&%%f”ﬁ%?ﬁe%%}s%@ ralljoggntﬁéllggdﬂ stuc iveass%%n&wd __grrllhngto bedside
pARSEs B etfie BEaitd aeoflbvmebsicalsePars etal s 10998 dndHowever, several
fikerapticiensoscopigevatuation fbedet. 20000Galosin20080) MaN8s o al., 1998)

rai doubts ahout the existence of a relationship between arterjal

ang %bero 11 nkaosccﬁ}act eve)juat]on g.,ecfier. &E: Bg}o&y,el%%%) ﬂave raised doubts about
oxygen saturation a Re occurrence o aspiration:

the existence of a relationship between arterial oxygen saturation and the occurrence of

aspiration.

[006T] Cervical ausculitation involves listening to the breath sounds near the larynx
by way of a laryngeal microphone, stethoscope or accelerometer (Zenner et al., 1995) placed
on the neck. It 1s generally recognized as a limited but valuabie tool for aspiration detection
and dysphagia assessment in long-term care (Zenner et al,, 1995; Cichero & Murdoch, 20602;
Stroud et al. 2002). However, when considered against the gold standard of
videofluoroscopy. bedside evaluation even with cervical auscultation vields limited accuracy
(40-60%} in detecting aspirations {(Sherman et al., 1999; Selina et al., 2001; Selars 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 entaited digital signal processing and artificial intelligence as
discrimination tools, rather than trained clinicians. In clinical studies, accelerometrv 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

g
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20 [0007] Cervical auscultation involves listening to the breath sounds

near the | b aryngeal microphone, stethoscope or
i R i it SR T A m—
reBogRIvRid S ackmiedabotessifiiiglecoot! fordaSpispligrictetedtion @ne ct al., 2001).

dysphagia s aaSRNMIORILRITHERAISARCRIETE! Ahid @ ARe MRS % Sassifying
Murdo%thOO,Z; Stroud et at.. 2002). However, when considered against

the gotd SEERASYEPErYE Videontioraetslys BeUdEy dvdiriden Biuman about the
cetvical sameulfdtiomysetds limited accuracy (40-60%) in detecting

aspirations (Sherman et al., 1999: Selina et al., 2001: Sellars et al.,

198800 jndeed, oukiaarNkERSRAIH SRRNRINAARRIAIONRIILNUIRIRY,  requires
clinicians using cervical auscultation, represent only a quarter otall
aSPREbHs T RAT CHA L AEr R REHAY, StBnfittédiadeiqetpayolaryngologist or
Sweatlidwingagcaletametsy (Reddy I?Bj.]d, 12&%39&3:&%6@&% elateddevell-tolerated by
cervi iqn, entailed digital signal, processing.and., ,
TR R e ahnere i
IPERHIA A8t ERfBAnsab aIRf OB IS RIEION Stedtted] ah sderiten algresiorerior use at
witle wideio upseseapyndidentifyine.aspiration risk (Reddy et al., 1994)

where as the signal magnitude has been linked to the extent of laryngeal

-9 elevation (Reddy et. al, 2000). Recently, fuzzy committee neural

networks have demonstrated extremely high accuracy at classifying
nSHRRER P PG ie s wallows (Das et al., 2001). However, prior art

S o0 A0 o ROt G DA o Method o
inféitFattoriabeirthd® dinicsdsstatus bz patidms{0009]oAdiiministratiofentified
ohwgrafieroscorRyaEN@sal endoseopy requires expensive equipment
and trained professionals such as a radiologist, otolaryngoiogist or
speech-language pathologist (Sonies, 1994). Invasive procedures are not
W@M%f rtlgda?é/ec%h”?rt n and cannot be,,practicalIX administered for )
exton BerbHs Lr90d d?rﬁ?&elfévgniz.ozl_ provides a method for detecting an
aspiration of a subject comprising the steps of providing eriteria for an aspiration;

positioning at least one sensor externally on a throat of the subject; receiving an
electronic signal from the at least one sensor corresponding to throat vibrations:
extracting at least two features from the electronic signal; determining whether the
extracted features meet the criteria for an aspiration; and generating an output
representing an aspiration upon a determination that the extracted features meet the

criteria for an aspiration.

[
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10 need for an economical, non-invasive and portable method of
aspijation.detection, for use at, the bedside and outside of the institutional
O Rt RGO Tor BB AN She HroGeg-ied eatres
inv&ntisHies priveideve mdveitappiratusandmethddfosidetaatinghe classifying step
aspifatige-thalarMiates MM igates Al Ieast.ane of the above-identified

15 disadvantages of the prior art. [0011] One aspect of the present
invention provides a method for detecting an aspiration of a subject
comprising the steps or providing criteria for an aspiration; positioning at
least one sensor externally on a throat of the subject; receiving an
electronic signal from the at least one sensor corresponding to throat
vibrations; 20 extracting at least two features from the electronic signal;
determining whether the extracted features meet the criteria for an
aspiration; and generating an output representing an aspiration upon a
determination that the extracted features meet the criteria for an
aspiration. 25 [0012] The electronic signal can be generated by an
accelerometer. The extracted features can include at least two of
stationarity, normality and dispersion ratio. The classifying step can be
performed using a radial basis neural network. 5 10 15 20 3a [0013] The
extracting step can include stationarity as one of the features, the
extracting step of stationarity including the following sub-steps: dividing
the signal into a plurality of non-overlapping bins;

3a
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5 determining a total number of total number of reverse arrangements,
(f1To,,,,) in a mean square sequence is determined; extracting the
stationarity feature (z), determined according to the following equation:
ATo,ar - PA z=6"A 10 where: A is the mean number of reverse

UM%@Q@%%Q o achiationanysignal efdbesamedengthe HAristing siep
the standard deviation for an equal length stationary signal 15 [0014] Each

SR SIS RARCHE e e ABRE BHENS and about nine ms in length.

Each of the bins can be between about three ms and about seven ms in
length. Each of;the. bins can he aboyt five miliseco “ms.).in length.

[0015] The extflél\f:ltgilrlljgn'[s%afal ngﬂi?rﬁ% u gr%\é%nﬁj;ﬁ}t% ;&s on%lg(;}fa%%g] %atures,

the extracting step of normality including the following sub-steps: 20
standardizing tHECSRIARELS K& YBRS RESEL AT L ??arﬁ‘éﬂé% qigngements, (A7)
dividing the standardized:sigralintoaplaealitinef.bins (") each of about

0.4 _E_m_ax(s) - mire(s) Vo_Its, where and wherein a highest bin extends to

0.4 infinity a”de%tl%_)ﬁ’r% tlpénsﬁ&gﬁgﬁt%ﬂ%%&%%%ﬁﬂe@%%ﬂlw the following
observed frequencies ("n ") for each the bin by counting the 25 number of
samples in the $t&id8rdized signal ("s") that fell within each the bin.

- A —

o,

z
where:

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

G4 is the standard deviation for an equal length stationary signal

[0014] Fach of the bins can be between about one ms and about nine ms in length. 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.

[0015] 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 (“s7).

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

r . : §
max(s) — nmn{s ; . .
Volts, where ] (s) (5) ], and wherein a highest bin extends to

i 0.4 |

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.
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-4 determining expected frequencies rf2 for each the bin is determined
under the assumption of normality, using a Chi-square (X2) statistic using

the following:. 7§2 ==(n~-m;) 5 determining the normality feature using the
following: v2 Ic()gg%(t)e(rrl{rg 1601 Ce%egx?rpggﬁﬁgcé%p”f:arﬁl?ﬁc%%etged@f}elrsséeﬁmmmd
ratio as one of theifeaturessiheeutradtingsterof didpersioniradi@ure (X%) statistic
including the fo'ﬂ;‘é’}’ﬁi”ﬁé%‘%‘%‘?‘ s. determining a mean absolute deviation

of the signal accoro%ng to the 16following: 1" S1 =-jjx; - med(x)I

determining an interquartile range. S2, of the signal extracting the

dispersion ratio according to the following: S;#5)” 15 [0017] An alternate

aspect of the present invention provic e ‘a dgyice for detecting aspiration
comprising: at least one sensor configured to be positioned externally on a
throat of 20 5 aisubifshand detash throattations and.a.somputing

device configured to receive an electronic signal from the at least one

sensor corresponding to the throat vibration, extract at least two features

from the electronic signal, determine whether the extracted features meet
predefined criteria for an aspiration, Yt genérate an output representing

an aspiration upon a

[0016] The extracting step can include a dispersion ratio as one of the features, the extracting

step of dispersion ratio including the following sub-steps:

determining a mean absolute deviation of the signal according to the

following:

I .
5 = ;Z[x, - med{x)

- i=l

determining an interquartile range, S,. of the signal

extracting the dispersion ratio according io the following;

%)

%)
a7

[0017] An alternate aspect of the present invention provides a device for detecting aspiration

comprising: at least one sensor configured to be positioned externally on a throat of
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5 determination that the extracted features meet the predefined criteria.
[09%171?[]?'0% fgr&hgrta%ptgct of tge tpresent invention provides a system for ‘
détecting aspiration Actvity BFACAERSILERTPEDFE H5iree tpfgured o receive an
covpirigingizgnsehso tiorattathment 4o the awpokd iy uctisahand fdation, extract at
generating a signal representing an activity of the structure; and, a

computing device connectable to the sensor; the computing device

intlardirvgp dainputidevice 2RdAose cRiMiNgRRE Sig P alhaiNi GHRCAMRME features meet
c 1he. i vice and operable to extract at leasttwo .
o B R S Lisplengraton wpon o
clAEEH) iHrEE G Fsoiapreseitint beco e prelsétedwiniedatype of

aspiration activity based on the at least two features; and, an output

device connected to the microcomputer for generating an output
rel§redeinyrthe erssifidationra:s[00dFpAmmdditonal aspeot dbtheing aspiration
present inveptianspievidesr a WE%@&QQ @&MQ}%%%&@&J fH%@ﬁhﬁ%ﬂ?% the neck

copfi%uqed t% b_Fe‘pIaced externally on a throat of a subject to determine

whEthEF tRE st et i ALSiratiig Ah S ReHE I £ S ATl 196 Stepdrafiure: and, a
p@wmiﬁg@ctm‘u’eariaomreaablgspizﬂ&timnsasﬁeeév&ngl@la@j@ésﬁr&ﬁh&Miﬁg_&mEpm device
eﬂaﬁ&@gfﬁél%%ﬁmz;s ?Hﬁ%%hﬁ?%ﬁec?oy}%@eéht% %!%n%llgectg‘[;rpéngltgg erable to
whether the statistical features meet the criteria for an aspiration: an 26
g&NErehiflg S JUp dt T Bamtify alsnrpibstivirinsonadetming fatiber thetrable to
thaastitlistical ghebduresrapeshthenexterigdosamaspiration: 2@ BRIG Ry based on

TG R e T -
adBSHIpErymeFYag Hg< asikdERn Figure 1 is a schematic representation

of an apparatus for detecting aspiration 5 in accordance with an

embodiment of the invention; Figure 2 is a flow chart depicting a method
fol’detebtingddépiratiamént of the present invention provides a method of analyzing a signal

from a sensor configured to be placed externally on a throat of a subject to determine whether
the subject is aspirating. the method comprising the steps of; providing & criteria for an
aspiration; receiving a signal from the sensor; extracting at least two statistical features from
the signal; determining whether the statistical features meet the criteria for an aspiration; and

generating an oufput representing an aspiration upon a determination that the statistical

features meet the criteria for an aspiration.
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accordance with another embodiment of the invention; Figure 3 is a set of

ﬂ]?%;.g% S Qﬁﬂ? be detected using the system
?rl?ﬁgﬁl?re ; %@%é%ﬁap sm%%g exemplary output that can be
genesated by thginetheshin fRidws BeFiguigpisaseheMaliCand with reference to

representation of a system for detecting swallowing activity in accordance
VRSP SREN R RS A% 6f the invention; Figure 6 is a schematic

representation of a system for detecting swallowing 15 activity in o
accordance withgarottier esityodiprepcefiRBan vé atioppFagres Jeskingsgiration

variation of the;apparafis foridstestinginuallomwirgnactiviy from the
systems in Figures 1, 5 and 6 in accordance with another embodiment of

the invention; Eigure 8 shows a rear view. of the apparatys of Figure 7; . . .
and 20 Figure g%é}rg sgcﬁsér%aﬁ?g ré}pzrwetseﬁ)t%%lg of é%gst_%%%eqr% f(c;;re tgl%tlg tFr?B”am .
swallowing actisdtydnecedfdmensityahtne ebBaREE of the

invention. DETAILED DESCRIPTION OF THE INVENTION [0019] As

used herein theiterns iswaliow" @t penetigtiopharesdistinguished froametected
the term "aspirationt'l'l.eAs !ésed peru%ny,a "swallow" is the safe passage of

foodstuffs from theroral* 5 cavit , through the hypopharynx and into the

esophagus. Further, a swallow is accompanied by a period of apnea with

no entry of food&tiffsintd tHaRBreRIRY SFNRIPY PURME SHb AL meraitRy by the
of foreign matesiahintentAgatraiay but not accompanied by inspiration.
However, "aspiration" is the entry of foreign material into the airway

during inspiratiap, Assusedsin relation Qdhecmbpdinsats disgussatt swallowing
below, the term "swallowing 30 -6 . , ) .
activity in accordance with an alternative embodiment of the invention;

Figure 6 is a schematic representation of a system for detecting swallowing

activity in accordance with another embodiment of the invention;

Figures 7 shows a variation of the apparatus for detecting swallowing activity
from the systems in Figures 1, 5 and 6 in accordance with another

emboediment 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

10019]  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 hypopharynx and into the esophagus. Further, a swallow is accompanied
by a period of apnea with no entry of foodstuffs into the protected airway. “Penetration” 1s the
entry of foreign material into the airway but not Daccompanied by inspiration. However,
“aspiration” is the entry of foreign material info the airway during inspiration. As used

relation to the embodiments discussed below, the term “swallowing
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activity" means a swallow or an aspiration or the absence of either, but in

other embodiments "swallowing activity" can refer to other types of

activities including penetration. [0020] Referring now to Figure 1, an

apparatus for detecting aspiration is indicated generally 5 at 30.

Apparatus 30 includes an accelerometer 34 that is positioned.on the .
tAFEAEOT ABATRAY ™ AT BB GBI RETE St R o i S fmbodiments
plaseltbinter atriténio cdo tifertioyrbia 1yptshf so thizk thehadis pédbeation.
accelerometer 34 is aligned to measure anterior-posterior vibrations.
A@garatus 30 also includes a computing device 42 that is connected to

a

e fEr S TRTERSRON 4% 1HIE 4621 TRRAFBS AT 8'56HHRE SPpieTesdngicated generally
desitedsapg aos Espohdingiaappropaats 4 thinterfaseised acdelerametts patient

3§ Sarilg E(%jr%}/elge%télezglw%ﬁg cggtt,u%c%? 1'%}19&%@5’ ll% qﬁlé%gelh\{gngﬁ&%g%tmgthyrcnd notch,

signals from accelerometer 34 that reflect swallowing activity in patient 38.
[602h7t |1 PriesérbeABUEHEHY AtdeRiIBIbier BBt EMT R5LE Qingheations.
axispageerometenfrom Siemens Ganada,MississangasQniatieanadas vi a
("EMT é2 -C'I'). £ ther accgle(gomete‘r that can bedusedd will oceur 1o %hose .
ol‘“%f(iﬁ ih e art. i@‘[&éz‘éf‘i’n énp?"éﬂseeﬁts emb6diment, c%?hrﬁs ?ﬁgl%p%raémlgpna ©
Apigibesediondwetomisatitg edvitonrmeit andforetionalitysobeesivéciallyeceive

configlied sleciionicHRitdalinEudes A Chassis.poviat framesasisplay,
54 for presenting user output and a plurality of keys 58 tor receiving user

i ;fo uting apparatus 42 thus includes an igterface t We - o -
R T b By B itk 4B At snee
appatatusc®? frros MekmeSCamdsuithisiesagarfamfgementagh (EMT 25-C7). Other

MG QDRSS S8 Ahal RRIOM: RAGEISREMOMNe BTVl g:Sierage, operating
system, etc. As will be explained in greater detail below, computing

a tus. 42 is og)erabl to receive sigpals from gcc%eromet%r 34 %nd to .
E{ﬁﬁrﬁ Ilﬂ a F;‘e ent .eu (f ment cﬁm i1 a.pgar 1S 18 baﬁe on the .computing
detect'swallowing activity from such signafs, ‘and report on those activities

bysresarstinand dtpationldis playsstifho o3 iauwerd elees tratp ek phainnedidairy chassis
ok thaserimprlemepationsandanous harasnaets AlAmepnaatys B0 receiving

reference will now he made to Figu e _2,w§1i h shows a.method, for
BB SRR AR < ADICARSH ey 505, HBWpgprifes 42 1

isctoipetunderstooddiaat4 via link 46. Computing apparatus 42 thus mcludes any suitable
arrangement of microprocessor, random access memory, non-volatile storage, operating
system, etc. As will be explained in greater detail below, computing apparatus 42 is operable
to receive signals from accelerometer 34 and to detect swaliowing activity from such signals,

and report on those activities by presenting output on display 54.

[0023] In order to help explain certain of these implementations and various other aspects of
apparatus 30, reference will now be made to Figure 2 which shows a method for detecting
aspiration and which is indicated generally at 200. However, it is to be understood that
apparatus 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

mvention.,

[0024] 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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apparatus 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.. 30 [0024]

Beginning first at step 210, signals representing swallowing activity are
regeivedn WhanmethedQ01s inpirrepeiad Using systesea, stefodd Qignals at
refers to the -7 %eneé{?tio of electrical signals by. accelerometer 34 and =~ .
tRETRUSB BPHTELE StonalSat Bothpitig Apparatus 42" THE LSE B /o signals
acpsiemwimetde 34valloans: theti docele ration sinais rrepredentidglitiseto the unique
syyalipwing activiy.of: patient 38 aFaaeiMedsanth dHe 194Re UNBYgiRent, unique

characteristics of the EMT 25-C accelerometer used in the presen

t
elffbuanfEhte (ifghé RarmPea s De'iotinientthe appedrinig Brinpss of sinals
styinals: FgerevddsinovgsEakanpiedciicighats by eaaptbeandcphetcaldirg 304, 308
Ea'\éér %%'Cﬁlggl&%?%%g 99#&‘9591[%%%%% %@Qﬁ%%fﬁ%aeﬂy &ta%%ﬂe §1Q p%g aediatric
312. Spea .an in'very general terms, sighal 304 is an example of typical
pEBHTIPRE SEBply AUNPSTEIIY tRAp SHFAY WEAR BIoRAEE selgae Stftisnatgppiration
signal 308 jsranvaspiratiomatsigrabtbalpestraysnenstationality dueaoaspiration
evolving variance; and sianal 312 Is an aspiration, Sianal (Al DOMAYS, ciure
nohsta |on%(?1|7f§/ ue'ts %lhe-varylng f)requen(r:\y dnd-vanance structure. '
[0025] However, it is to be understood that signals 300 are simply raw
dEtee And Baievapibdert Aphassid el atein’s O fatoriaptitaety IfHasand can
begrdatermiacshbyrtbe-mwentorsothatdie:cistibuliorolisnedined by the inventors
used kveshnsdtethhekepreadatid (beabwpazametarstifithipngigrarstageimate the
Inpagtichiaidhespieadeaandinaationb sparamatecsief, the gammaand location b
distributions for aspirations and. swallows that can he associated wit .
SRR ALSEIFERE 400 2PE Lrith AP T 8 80 T Qe be assosited
L ecatiogancuspreacofisifiarasgeterations Taspitations Swallows

Table I: Locatior and spread of signal accelerations

Aspirations Swallows
Parameter | Maximum 95% confidence Maximum 93% confidence
likelihood interval likelihood interval
estimate estimate
Spread (o) | 1.3647¢ [0.9343, 1,7952] 3.642¢g 2.2713, 5.0128}
Location 1.176g 10.732,1.62] 0.063¢g [0.041, 0.086]
(o)

[0026]  The stationarity and normality characteristics of signals 300 are summarized in
Table 1. Stationarity is measured by the ponparametric reverse arrangements tests while
normality is measured by a chi-squared distribution-based test of histogram bin counts.
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.
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Parameter Maximum 95% confidence Maximum 95% confidence

likelihood interval likelihood interval estimate estimate Spread (a) 1

1.3647 [0.9343, 1.7952] 3.642g [2.2713, 5.0128] Location 1.176g [0.732,

1.62] 0.063g [0.041, O 086] (b) [0026] The stationarity and normality
characteristics of SI s 300 are summarized jn 25 Table 1 Statlonarlt
B A € <5 ST o HERE o Sl G et and
novaliality istmeaspred byibeciwisgaanedndistributignebasetdrieistsoff received signals
histagram Rip gpunts. Further details about stationarity and normality can

be foundin "Random Data Analysis and Measurement Procedures” 3d
Edition, Julius S. Bendat and Allan G. Pierson, John Wiley & Sons Inc.,

(c) 2000, New. York.("Be dat he contents of which ate.incor

herein 81;/ %Vg}efgfaé%ﬁcnear apter T100 Ba&%zfc %lésu%gss%ﬁzg%gf aHons

stationarity, while Chapter 4 of Bendat discusses with regard to normality.
-8,[0027] Table 1l thus show Aﬁ‘}?}m’\}/oﬂﬁnpral exemplary ‘%?\/ of how

a nﬁ%ﬁ?ﬂ@@‘%ﬁnd swallows c: qﬁ%ﬁ?%ﬁm@df the cfnfmn :,,4{5(‘7
charaiisiistics of received sigh : ; 2
Stationarity and normality characterlstlcs of S|gnal acceleratlons I

Aspirations ; Swallows Stationarity 41 % not stationary 46% not stationary
Normality 90% violating normality 1 100% wolatm&normalltyj [0028] Due

td WP bkdhsdederte tetmbitfotis B tHenb 2R diriBARG Vi §arh spgnma distribution is

disiibutipriminused le:getesninatheriochatiprestimadeidhecfiebtiencyated using a

banawidths ¢ él%ec%%lcgsl ared utSIPe% el Crﬁ‘ﬂi WAYSIELCGRMRRRNION Fhich the
ten evels an etermining the level at W IC
cumulative energy (starting from the final {evel of decomposition) exceeded 835% of the total

1G atmﬂ normality

energy. This determines the 85% bandwidth for the signal in question.

[0028] The location estimate (i.e. an estimate of the “mean” value} of the about 85%
frequency bandwidth can be between about 700 Hz to about 1100 Hz for aspiration signals,
and more preferably can be between about 900Hz and about 950 Hz, and even more
preferably between about 910Hz and about 940 Hz, and still further preferably about 928 Hz

for aspiration signals.

[0030] The location estimate of the about 85% frequency bandwidth can be between about
400 Hz to about 700 Hz for swallow signals, and more preferably can be between about
500Hz and about 650 Hz, and even more preferably between about 590 Hz and about 630 Haz,

and still further preferably about 613 Hz for swallows.

[0031] 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 particuiarly 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 $.025 Volts (V™)) for a
pre-determined “onset” period (in a 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

-9
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10 cumulative energy (starting from the final level of decomposition)

exceeded 85% of the total energy. This determines the 85% bandwidth

fduoth ehsignhfbfi thguestiting [0029]iThe ot atiorrdssthmatbi(iedampestimtieeof of the
tlil?e aV AUG)AL e 2hRIt B ,H&%@@caa@atngvxlﬁﬂbpanebgghagfvv@%mmed

a out 700 Hz to about 1100 Hz for aspiration signals, and

prstafasly Bah et ciber Bl é@&ﬁ%ﬂ&%&ﬁ?@%&%?“%ﬁm% 000 sample
mweabwmmfwﬁmé\/\tﬁﬁﬁhabbugﬂéﬂwdﬁv&lyﬁ @l oY ktxyrdoadfstilinalysis as a
further p fefﬁﬁab'éibé’}»beo eh'% Jt% (}\l/év’lﬁ h' éﬂ SEJQ%% J&%JQ%%‘&@H@& If

estimate of the about requency between about

4be Fq»zeasuabcsmer@oaﬁznfér@%aﬂ@w %u@néﬁgerw%rét%é?&é% ¥hAvpY has not
between atantiRAQiy @ﬁ%@hﬂﬁ&;ﬁ@ﬂ} Hﬂga@deewefhmw arefeealyn method 200
between :?bout 59 Hz and ah ﬁ 21 d stlll furgpg refer lg)( tained
ABOICRTS P 157 SmAloe? U e e Sigr A e 210, e
nietheda@Opadvances to step 220 At step 220, a determination is made
as to whether an event is present inside the signals received at step 210.
Thewrjteriafor.maldng sushadetersirationfisnotpadicuarkyiamteth Npesently
present embodiment, when computi aratus 42 receive s I
R O oS TGy DA (e o T oo et gy s
peageritémbodiment of about 0.025 Volts ("V")) for a pre-determined
"onset" period (in a present embodiment about thirty milliseconds ("ins")),
eygntinitiptigadstidentiiet andisignal rRearding: Qﬁ@é&r&’hﬁ@‘hﬁ?ﬁeabouf Bendat is
12,0 Ogg Ies re reco ded Forrgspdo(?dm to aboqt 1.2 second

of ’33 & Back-t 1Lr|F[n?nrl"_ﬁce’l?fse he v erformed to determine when the Sl chEPSfI doout fve

amiﬁ@%@st@ﬁﬁa}lf(@e@e@j I‘S@JC‘W Btk strmmnthépinveiies(Bo (‘)Wﬁqg&gﬂal can.
thepueber of data sanmplesealow abeyl 010 M.staming oR:ffem.thewRndnine ms,

of the rgcordln Once this count exceedsa tthlrt data mts the enfi
o BRI E AP SR L TEa08 BRbAPBARYEL i INEE (o ia! leneth,
siggfaleid hdirimesl “therefronunlnntepre senttiph bddiifient;<] 2060 sanplesned at the

a%%é%%ﬂ@%ﬁd pllrg(ﬁl)cgéjE%?apg}pa%?)mmﬁlﬁteiy (L mod 50)/2. Next, the mean square value

within each window was computed. Next, the total number of reverse arrangements, referred
to herein as A, in the mean square sequence is determined. Finally, z-deviate serves as the

stationarity feature which is determined according to Equation 1.

Eguation |

Ay = Hy
[e2

Z =
A
where:

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

G4 1s the standard deviation for an equal length stationary signal.

[0034] 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 / bins each of about 0.4 Volts, where

210 -
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(i.e. about 1.5 s of above threshold signal activity) can also be recorded
for analysis as a 5 single signal. In other embodiments other numbers of

sa ngs(s aﬁn?ﬁ € orded, as desired. If the foregoing criteria are not met,
tt{n&h&-@e&erm@ | ahstejgh220bihatandedent ihfisityotnd deuiveesahil extended 1o
m

thod 286freturns to step 210. However, if the criteria is met then
meihed 20higdvances from step 220 to step 230, and the signals that are
recorded at step 220 is retained for use at step 230. 10 [0032] Next, at
step 230, features are extracted from the recorded signals. In a presently
piEfited embodimetsrstatiiparingistorntalisadndidispesioningib Birecounting the

thies featkres that are, &xragied d0033LinRrder fogxtipchhesatationartypecied

feature, the procedure in Chapter 10 of Bendat is employed. First, the .
rEEanrag Sigital, & dRABEINAtGIFHEHISVErIABISTn DIt WP b PABSURHNR- {Be Chi-
nilisecondsd s firrdonastotah af Affywsamples) in length. (The received
signal can, however, be divided into non-overlapping bins of between

about one ms and about nine ms, %ﬁﬁggﬂeferably between about

three ms and about seven ms.) Where the signal length, defined herein

as "L" is not an integral multiple of:fifty sthesigrial was trimmed at the
beginning and end of the signal by appf¢ ximagely (L mod 50)/2. Next, the
mean square value 20 within each window was computed. Next, the total
nUISar off1BvbrSESIPERYETEAIES ARSI 4 A SheRTHE AT the mean
square sequence is determined. Finally, z-deviate serves as the

stationarity feature which is determifgd=agmeodding to Equation 1. Equation

I AraAal - PA z= 6A 25 where: A is the mean number of reverse
arrangements expected for a stationiay, si§nal of the

[0037] In order to determine the dispersion ratio feature, the mean absolute deviation of

each signal is determined according to Equation 4.

Eqguation 4

Sy = wl—wi}x, - med(x)!

i=

[0038] 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 5.

Equation 5

Sy
3,

[0039] 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. In a
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

-11 -
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same length. 30 oA is the standard deviation for an equal length stationary
signal. [0034] In order to extract the normality feature, an adaptation of the

%%%S}Hrﬁeﬁ}ﬂ}%&%‘éfkﬂf o %in%%éls ﬁ”@l?{y@g FigstiAg310R@kIS ks for Pattern

standardlzed to have zero mean and unit variance. The standardized

SRl e (rBETBPHET IS S NEJ e Mt R B thE 'ShaR dafefiFen!ents of
sighiel, srels;dmﬂedeﬂt(hdiamsb@aﬂﬂefﬁlﬁhomh@ AcWalts, WwhereablO max(s)the three

min(s he h| b|n xt N ed to infinity,and.t
{7 el QRN AN the |OWESLBIL of e detected
e%?tten ed to 0.4 z1}1egg\tl\s}eai1}1 |n|ty 03053]5 Né)%% the gbservej frg ule(r)mfelg ne wee

f‘@fpéaéﬁ‘mﬂcwwét@wﬁm@cvw%@ﬂrnﬁh@umét Hﬂ?hﬁ%?b@%%chﬁlé‘@%ilfﬁéo represent

siandakdized signaldhrtdelinihin @aeh life stheexpacied T‘éefmw&rﬂcaﬁfmtecm
m for. (-%‘ac inis, detgrmlned ur&der%he a sumnptlon fnormah%%The b
SHUSIE stAtiSHE V\lln suc?’o(r’ﬁ)rrﬁ Showh in qﬂa?%n ﬁ Ullie(f]l.leé% 2% 2% fal basis

[@mpmmatwdetmmmdﬁam}/aﬁeatt@r@crtsv@@mputedra@eéh@\ﬁhqn‘dﬂq@amuoﬁ@w and
10,Eguation,3, 109 1Q. (903 4l inRrderdto.detasming the Q@.@@[@J@ng{ﬁmwgs units is

feature, the mean absolute deviation of each su{ nal is etermlned
a%‘@é?&‘iﬁg% EEThtB PR E NG 137 S BE VPR THiegpout one-hundred

radial basis units can be used, and in other embodiments from about eighty to about ninety-
five radial basis units can be used, all corresponding to one output. The first layer is
nonlinear and the second layer is linear. Put in other words, the first layer of the network
consists of the nonlinear radial basis functions while the second layer of the network is a

weighted linear summation of the radial basis function outputs.

100401 Referring now to Figure 4, a scatter plot is shown for the results of performing
steps 210-240 for a number of different signals. The scatter piot in Figure 4 is only two
dimensional, showing only a plot of the stationarity features vs, the normality features. It can
be seen that the squares on the scatter plot indicate where aspirations actually occurred,
whereas the circles indicate swallows actually occurred. The scatter plot was generated while
performing method 200 in conjunction with videofluroscopy so that the actual swallowing
activity could be verified, not withstanding the classification performed at step 230, so that
the classifications made at step 230 could be verified for accuracy. The line indicated at 400
in Figure 4 represents a rough dividing line between classifications associated with swallows
and aspirations. While some measurements in the scatter plot show a classification that does
not reflect the actual type of swallowing activity, the majority of swallowing events are 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.

[0041] 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

212 -
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n ;=1 [0038] Next, the interquartile range, S2, of each signal is

determined. The interquartile range is defined in Chapter 2 of
"Introdtsctiviiteantishestiationddnd Migethésis testingt fRamg!/Rw. beeping for
WileQ¥odg97, Academic Press, CA. Finally, the dispersion ratio feature is
determined according to Equation 5. 20 Equation 5 S, S, [0039] Having

cted these feat from the signal, method advances.to s _
Ryt e KN R R e S T
dtestepa80migt an préscitipdnesfespadtiensbodimersesthevel lssificatibradgustments to

petiprned isingadadiah basis fUnaieRLNEEab NENONImRIeRIHBE Bcy of
the microcontroller of apparatus 42 to classify swallowing events in

rBIRHHTES RS SR RIE 0P a8 FaEISKE. Further details about such a

radial basis -11 function neural network can be found in Chapter 5 of

"(p8dirhl Netvorks:for RatdpriRddotnitivath CRIStsperBigHepusigogparatus 42,

_Qfﬁr@;rﬁgg&ﬁféﬁv g@éﬁ%ﬁ@a&ﬁ@@@f%e@%ﬁ@é@%ﬁ% Qb swhieh 8k mming instructions
incorporated herein by reference. The network is operable to take the

tHPEE R Re B 1eR e s inputs, and output a single number as its

classification of the detected 5 type of swallowing activity. In particular, an
olifjsdt levBEGTERDOLO 1 IS Zssigrioth 15 Fe Sredupttiaaaibwy BEdE Blutpirdicated
levgtafiakpubl. 9dataprasentAsRiratianssel N Batwerkarehitegtuebstantially the

consists ﬁf three in uts,correés?ﬁ%radirtlg to each extracted feature, .
efGRE MMl RARBPBALTS rHEHN Units GREERRTE o ah THRSPALHVE™ T same

S determ rom an interac
tralioingrproeedureaspitineddrry Bishopixdhd. éHeraeatpytemitOa includes a remote

renresqiting Swallgwing t.aspiration, Whils pighty-nineg fadighbasisiitida can
is 10 presently preferred, in other embodiments from about seventy-five to

abigUt Bp & FthefrSdreatiatb R it C 4R BE B R Sitfethersto. Also, while
emodimentsdronmabbgdtetightyitatiboutvainatyit 100a and apparatus 42a, it should be

recognized that if wired, then link 104a can connect apparatus 42a to unit 100a via cabling

passing through accelerometer 34a.

[0045] Remote unit 100a includes two indicator lights 104a and 108a. On system 30a,
step 250 of method 200 is performed using unit 100a. Indicator light 104a is coloured green,
and is activated by apparatus 42a to the “on” position to emit a green light when patient 38a
successfully swallows. Indicator light 108a is coloured red, and is activated apparatus 42a to
the “on™ position to emit a green light when patient 38a successfully swallows., Only one

indicator light 104a and 108a is “on™ at any given time so as not to send confusing messages.

[0046] Remote unit 100a also includes an atligator-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 aspiration occurred

during a feeding event.

[0047] Referring now to Figure 6, a system for detecting swallowing activity is indicated
generally at 30b. System 300 includes a number of components that are substantially the

same as the components in system 30a. Accordingly, such like components
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five radial basis units can be used, all corresponding to one output. The
first layer is nonlinear and the second layer is linear. Put in other words,
theafitbt kayerrofethece eharasier capsisfs bbb mohlinedry Sbfiahiesiof the suffix “a”.

fectianswhile the seeand Jayeratdhepaiuork isa sda welghtediingale, or flash

summation of the radial basis function outputs. [0040] Referring now to
PRYREN42%5SE AP PIO 95 BHBHT fEFthie rBeiite SrBEttsrRgO Jisgy @ number of
246024 Quidr & rigmdeX00f diffepertdighatse. THgscagteitplof ndRiguredsient storage

Orcgwiéxvg Aimensignal, shoning Cal,8RI0t QEINR SRUANATKY fealyLes vs.

the normality features. It can be seen that the squares on the scatter plot
indicate where aspirations actually occurred, 20 whereas the circles

les .
indieate swATRTNBCHTAAF bBCHRIEY STPRISEEP Bt R4S YERET e Hifie! 200 t©
paferming2meitiok 200 inucohjuhctiordvithwicleoflundScopy sodhakthen protocol.

aEElﬂ\ali 5%8‘”&9%@%59&:%/ Iﬁ%\%ﬂlﬂ!ﬂ @lgﬁé% '{h%g a%o&wgg]%tﬁiggslx%@e] 16b from time to

classification performed at step 230, so that the classifications made at ;
sty 2 30 BE I BE VY TS ABIAEYE ST R Saicatd gedtipp cqputer 1160 to
Figuikedsiepresaiatsiantough dividisg-inebetuean. glassifications,, modification or
a soi:(late with SW%”%‘@ %%qeﬁs érgté ns. While ?omc-ﬁmeasurements

in the scat é’rl"%lffjsfg THowra dassification that does not reflect th agtc}}[;lﬂ%lem')'

type of swallowing activity, the majority of swallowing events are in fact
cHivaetly Erakdifihican mitodieiRipsasrinnhsto Bk kiRg BRSIMmItSgiagtions for
angrabiaingd vaner JhlesthitdfeginteyOispersio patiodspised 16assishin 20b.
the determination. [0041] Method 200 then advances to step 250, at which

PRIBEAN QUIRULLS ganerated 39 caresRanding A the Slassificatiofius 42a (and its

performed at step 240. Thus, where a particular event was classified as a
SWAIRVIHRER dSinas 5% SFap aratal s 325 Rbidss mEtrIRTET G Praufs that are
thebmesshgaiS\WAELO W whereasrnfsthe epentwasitlassifietdsgy, such like

a% Ii}liaé[)il(l)el‘]]}ts & ,'spla 5% (r)fla T e e. frict fk of the
o 5 A e e el ot
couitralgo inerrIEalsuisledes yredirasddeitBar it SRRANBIWSSE Yagin chassis

120¢ that powers the internal components of apparatus 42c. The battery is charged via a power

supply 124c connectable to apparatus 42¢.

[0051]  As best seen in Figure 8, apparatus 42¢ also includes a cradle 128c in which to store
unit 100c. Apparatus 42c also includes slot to receive flash memory in a desired format (i.e.
Compact Flash™; SD RAM™; Memory Stick'™) onto which data can be stored including
signals such as signals 300. Also, apparatus 42¢ includes a pair of universal serial bus

(*“USB™) ports 136 which can be used, for example, for a fink such as a link 120b.

[0052] 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 2344 is affixed to the front of the throat

of patient 38d (in the same location as sensor 30a), and a separate processor 140d is

- 14 -
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associated with aspirations) and/or auditory signals (e.g. no sound for

swallow, beeping for aspirations). [0042] Using method 200, an individual
feedingep atierdeB8ooameadjdst-how!lihie fedinBriscireing perforvesd 4p oighels from
QIRAUGRASPIEAHORS AREhIRGIRASHEWAIANSreb R ATILRIMENISHR Bd. Processor

feedings can be based on changing consistency or type of tood, the size
b FERfFsliey SRPRAGHIATS BE; R?Qko?ﬁéiréa% SAmE MBS PIRANRE, Provided.
(@043t s hauldinbi-benanderstoochbthahas apethads200 iscmilenpenieent storage
uéé@%e?‘ tpc%rg‘é%shg'r 'd@ced%%[ %Q%EE]O}L%BQ&GA%QQSFS&! %1%%,\/\@!" P%BPPXA?&% enable
with software programming instructions corresponding to method 200. 10
[eprt Refahriig erovd t Tighee o, Asyiteralfor ety .swanewiag of time. The

agthéitisis fgigated sgrnetaiY.alddla. SYSierhsa ehides @ Mdmberof of signals

c%rargp%nt%n%sl_gh%;dgre substantially the same as the components in system
30. ccoralngf‘y, such like components bear the same reference character

except followed by the suffix "a". Of note, system 30a includes a remote

Uit P00 Mhdleisdo inecfdcoratanir  O4dNte MpparattuTaadiie iRRAES, of the
lipk 404 a candbraithechedniied-omairrless.andbasec-anampdesirad! in the art
e A AR B0 S v
thdtlitwifed thendinkibodentanconrdordppatatuaid Zartocamitla.0danyigr all of the

cahlings Rassing:hraudhr aceelerametes34ani0RtabRempiadniti @R apparatus
includes two indicator lights 104a and 108a. On system 30a, 20 step 250

of Th&MJE TP IRH P E i G i 80a. Indicator light 104a is
coloured green, and is activated by apparatus 42a to the "on" position to
effftsdlgreBer kghmwheih ipatierie 38amderctedstnly Swallersol nditater jRjaers other

1088 lscpiruad: red. And isactivateshRpRakatisifRadonsthecanuResHiRaratus 42.
tg emit a green light when_patient 38a successftﬂ‘lay swallo:é}/s. Onl% on
t

AR G TR LGP E LA 160 aR) HIVEHUMET S8 A BT Sefgplecement

1
sen
confusingrhessagbie s [0046hRemDipranitul B0acalsd iercivddgignacement signals

a%k%@‘ﬂ(ﬁ%!ip&%%ﬂeﬁ%%h@ ?é&@&h%%m%%% sensor that measures velocity, having
computing apparatus 42 record received velocity signals over time. Such signals can then be
converted into acceleration signals and processed according to the above, or other techniques
of feature extraction and classification thereof that work with the type of received signal can

be employed, as desired.

[00551  As another variation, while apparatus 42¢ is shown with a cradle for storing unit
100c, apparatus 42 (or its variants) can also include a cradle for storing sensor 34 (or its

variants).

[0056]  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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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
abplicatidhtorRbreaxapiplevhilhave spatietf 38anisthpHyaiafiytirmity feggality and

hy _ %@g&iliag%%g%@qdfﬁﬁgﬁ ‘tﬂﬁ{it%)eé%@&&?tiﬁﬁigﬁh@ec@ﬁﬁ%?ddsﬁat in other
unit 100a to provide feedback to patient 383 as to whether a swallow or.
B GCHIFrAGE IH & TR B BRE (oOR KBt T e wsed o
Rigute HsveaBysiemeiendefectirgphaidwing actitityds ipdicatad itgendrallysired to
at. 30h. m 30k in wmber of. 0 : e in order t
R i 0 i ordr o make o
StRSPrIRA R SheREher 3 haricHrE supie Yare iRt tRaPaclatsiigdep svallow of
falipywed Py the suffix "b" instead of the suffix "a". Of note, apparatus 42b
includes a persistent storage device, such as a hard disc drive, or flash

Bpgiom aGgess MEmEOF % SRLEYSclg C0ALIG RRR AL ARR Otuzry logic”

"a number of s_lgnals,such as signal 300, over period of time. The
CHPEEH BPE ABItistBHP&oPAGE 5 RS HLO LrOL A SOBHaRY Ya'Pdate
the durationef signalsthatiaredteberesardedif0043] System 30hther swallowing
includes a laptop computer 116b that is connected via a link 120b to
a%%grlgtﬁ‘saﬁ%z%?%gk 120b can also be wired or wireless and based on any
known protocol. Link 120b can be used to download signals that are

st8pedlon Bokpitersol Boimeiintetha’ iR, RThie AATHRIERIATEIGHES g the neck
othetdnterestetkipanties ganeutiizevlaptopcartiputerstdtls toianalydewallowing,
such stor, d%i nals for any desired Hrpose. (e. | ISIQLY:
m%‘%}if?féaf%ﬁ“&rg t%lenﬁk?ﬁgrg rf)a‘r%pgﬁgg?nﬁ%@%s%%%ﬁ?e%}%%\%a%esiﬁﬁg}énf _Or exam?ie’
tybeslvtswhoning detivis sreine [0ho]Edsk 1polyedrialseuBRIng, cryiog, snoring,
23 @98@%&@%{5@5@%@%@ QROFRNIR Ngenstiuetions fos appasaiiusior various
can be uploaded to apparatus 42b from laptop computer 116b via li -
 SH TGRSt ARG o B it PR B A Vet R et S0
onyapparatusi4Rep(dndritssl5 variant 42b) is indicated at 42c. Apparatus
42c includes a number of components that are substantially the same as

the GeMPORS RIS IN-APRMAEHS Aidafccordingly, uchdike an output device that will

provide bio-stimulus responsive to a detected type of activity -- e.g. a device to stimulate a

cough when an aspiration is detected.

{00607 1t should also be understood that other types of features can be extracted in order to
ascertain a particular type of anatomical activity, including maximum peak frequency, median
frequency, autocorrelation decay rate, skewness, kurtosis and the like. TFurther, 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.

[0061] Furthermore, while apparatus 42 (and its variants 42a, 42b, 42c 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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components bear the same reference character except followed by the

suffix "c" instead of the suffix "a". Apparatus 42c includes a rechargeable
battefirdictishby) -heusedsiithinnchassisigbbc shatipowersitherimiearmdallow, the
CQM?&%H&%&%%%%é@%\ﬂ%‘e&@%%%%@@f g9 lﬁﬁ@,%ﬁ{ragg 42 can also

supply 124c connectable to apparatus 42c. [0051] As best seen in Figure
8ingparEiNABE AR IHERTHER & ArefRen D8RRI ICh IS S ABPHE Lee so that
Appatatusoiranalag includes:slabidseceige ipishimeneny v a dasirather types of
f%@ﬁé&jie. acq%rp aaclzltbFlg o';éie%%@@%MTM; Memory Sticlz M) onto which

data can be stored Inciu Ing signals such as signals 300. Also, apparatus

42c includes a pair of universal serial bus 25 ("USB") ports 136 which can
beUfedd, foceRaripiescrdied ArRGRRSA Tk OHOTonS 51 e8ara oty fgpples of
tatkighie R e sysie mfosideieatingh s waliofvingactiitybis dffdicateiebreto, by those of
generally at 30d..System 30d icludes a nu r of components that ar
e 3 Rty
stigrifacompdrehtstear the same reference character except followed

by the suffix "d" instead of the suffix "a". Of note, 30 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 -14 connected to accelerometer 234d

via a link 144d. Processor 140d receives raw signals from accelerometer

234d and shapes them into signals recognizable to apparatus 42d.

Processor 140d is connected to apparatus 42d via link 46d in the same
manner as previously provided. in place of a a distributed manner,

whereby sensor apparatus 42d includes a persistent storage 5 device,

such as a hard disc drive, or flash random access memory, or a smart

card, to enable apparatus 42b to record a number of signals such as

signal 300, over period of time. The capacity of such a persistent storage
device is thus chosen according to the duration of signals that are to be
recorded.

L



[0053] While only specific combinations of the various features and
components of the 10 present invention have been discussed herein, it

will be apparent to those of skill in the art that desired subsets of the

disclosed features and components and/or alternative combinations of
tldskiMatures and components can be utilized, as desired. For example,

of any or all of the features and components of one or more of systems

30, 30aA3fbiard30dtandomappasttusi42eigart berpomigiedstps of:
interchanged as desired. 15 [0054] For example, it is also to be

understood that,ether tvres ef-vibratienisgnsors other than accelerometer

34 can be used with appropriate modifications to computing apparatus 42.
PR RISl TS h Aroler Senser A el s ersgLIna
measure disp acement e.g microphone), while having computin

apparatus 42 record received displacement signals over time. Another
type of sensof<CaNHchIdE A EBifsSietithriNB 86 s GRsto ity SHEGIng Berponding to
computingaapparatus:42 record received velocity signals over time. Such
signals can then be converted into acceleration signals and processed
according to the abave, a,9ther IehRiauss I leatiygextiagtion and
classification thereof that work with the type of received signal can be
employed, as desired. [0055] As another variation, while apparatus 42c is
shown with a demdiefiog stoeihg unite25:400 e apparatestd2cfdriis adartg)ration;
can also,ipclude a cradle for storing sensor 34 (or its variants). [0056] As
another variation, different versions of method 200 can be simultaneously
stored in apparatus.42 (or i ri d.ap rovj ith

means for thecﬁggrﬁ;g S&tgﬁgg{iﬂ%ﬁﬁ%ﬂﬁhﬁ%é?ﬁ%.ﬁéégﬁ gi\éflféﬁ&\?{mon that the

versionsCEHACE Grdetearts S bty e Rmai58s of 30 features and/or
dgtecting Alierend s 0l anaiemica. ety angios empey ARG ome e
méthods {0 perform thé'Same resulrt.e‘ﬁ'ue user can be given the option o

switching to whichever version is desired by the user and/or most suitable
tothe neg@"d“s gete p%ﬁrﬁ&ﬂ%\r] p\glﬁgﬁtlj the extracted features include at least two of

stationarity, normality and dispersion ratio.

4, The method of claim 1 wherein the step of determining whether the extracted features

meet the criteria for an aspiration is performed using a radial basis neural network.

5. The method of claim 1 wherein the extracting step includes extracting stationarity as

one of the features, the extracting step of stationarity including:

dividing the electronic signal into a plurality of non-overlapping bins;

determining total number of reverse arrangements, (Ar,z5) 12 @ mean square

sequence; and

extracting the stationarity feature (z), determined according to the following
equation:

- Ai’bm! — My
g,

z

where:
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- 15 As an additional example, while at step 230 of method 200
stationarity, normality and dispersion ratio are three features that are
extracted, it is to be understood that in other embodiments other features
and/or combinations thereof can be extracted that can be used to detect
a swallowingeverie kesexanbpiey \ndvilesp reseptlyidessyretedrtod aibteaonie signal
desired 1o %&Eﬁ@'}‘éne fract any two of stationarity, normality and
dispersion ratio In order to make a determination as to whether a
particular swallowing event is to be classified as a swallow or aspiration.
[0057] As anéteihrairdar despairmdes 20 can! beesmryorss aiude
"fuzzy logic" wherein apparatus 42 will continue to track signals that are
collected and continually update 10 its own criteria for determining
whether an aspiration, or swallow, or other swallowing activity was
detected. [0058] It should also be understood that other types of
anatomical activities of the neck structure, in addition to or in-lieu of
swallowing activities such as aspiration and swallowing, can be detected
using appropriate modifications of the teachings herein. For example, 15
drooling, trachea muscle tone, turning of the head, vocalizations,
coughing, crying, snoring, apnea, breathing. Such activities can be used
to detect the existence of or potential for various conditions such as
cancer of the larynx, collapsing trachea, sudden infant death ("SIDS")
syndrome, and sleep disorders. [0059] As another variation, apparatus 42
can be attached to an output device that will 20 provide bio-stimulus
responsive to a detected type of activity -- e.g. a device to stimulate a
cough when an aspiration is detected. [0060] It should also be understood
that other types of features can be extracted in order to ascertain a
particular type of anatomical activity, including maximum peak frequency,
median frequency, autocorrelation decay rate, skewness, kurtosis and the
like. Further, other
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25 classification methods can be used including mixture of Gaussians,
generalized regression network, probabilistic network, multilayer

feed-forward network, linear discriminant function, neuro-fuzzy networks.
[0061] Furthermore, while apparatus 42 (and its variants 42a, 42b, 42c

add 42d)ns methedadtohinic delieartbathintihdasmeiichitvyepragsatmnmeadiliisecond and

and/ r conflﬁ‘ur 1o process signals 30 from an accelerometer (or other
abo he mtiseconds 'in
senso such that it'is ope able to classify those signals as different types

of swallowing activity in other embodiments apparatus 42 can be based

oh a varRaPstatrer&iBonGR BRRO AT TS ISPy AbgudyRgmiiseconds
digitabassistantiitineteldoakieagimputer having a special software

application. Similarly, the device can simply include a -16 set of indicator

lights -- .9 2. Ralr ofdadicatorlights,.one dightforindicaing A swalion ithength.

other for indicating an aspiration. Whatever the format of apparatus 42,

apparaty. }?42 ik ,A89, aE?CH“% e?er};{%e@a%e&%%”””e%&é‘e G tmﬂ O iy as
computer 6r bther complting device so liscated rogramm

|maéthﬂf’saf@mjeﬂ@c@ﬂﬁ@@%ﬁ@@@ﬁ@?%ﬁé@W@M@r other types of 5
swallowing activity can be uploaded thereto. [0062] The above-described

embodimentssafithedinvention-aar-titenseakioberexampteseinthapresefbriance
|nvent|or1 an alterations and modifications may be effected thereto, by
those o skitt'iri the an, without departing from the scope of the |nvent|on

which is defined solely by the claims appended hereto. -17 CLAIMS 1. A
method for dedisisiing Hs Hapirsian Sla SRR e RSPl Qe P Z 2) each

providing criteria for an aspiratio Iﬁg)ﬂypnmgn@t)l ast one sensor
externally on a throat of the subj ct"rec%l%mg—arr lectronic signal from the
at least ehebsersérVedisedpanbing to ‘ . and wherein a highest bin extends

to infinity and a lowest bin extends to negative infinity;

determining observed frequencies (“="x") for each bin by counting the number of samples in

the standardized electronic signal (="s=") that fell within each bin;

determining expected frequencies ("3”a ") for each bin under an assumption of

normality, using a Chi-square {(X?) statistic using the following equation:

determining the normality feature using the following equation:

k’g]od{z}-

10. The method of claim | wherein the extracting step includes extracting dispersion ratio

as one of the features, the extracting step of dispersion ratio including:

-i9.



throat vibrations; extracting at least two features from the electronic signal;
determining whether the extracted features meet the criteria for all
aspiration; and generating an output representing an aspiration upon a
determination that the extracted features meet the criteria for an
aspiration. £:cFagmethedofidaim hwherainite aldarsiongnsPRserding to the
includes an accelerometer. 3. Thaimetiedwakielaim | wherein the extracted
features include at least two of stgtignarity, normality and dispersion ratio.
4. The method of claim | Wher&iﬁrgsgtbp'é‘l‘ Bkmining whether the
extracted features meet the criteria for an aspiration is performed using a
radial basis neylahREMON inehSMEa] of 6lakD dUhRrelne, and
extracting step includes extracting stationarity as one of the features, the
extracting step of stationarity including: dividing the electronic signal into a
plurality of non-overlapping bins; determining total number of reverse
arrangements, (AT0,01) in a mean square sequence; and extracting the
stationarity feature (z), determined according to the following equation:
Arolai - PA Z=6 where: -18 ,uA is the mean number of reverse
arrangements expected for a stationary signal of the same length, and
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6A is the standard deviation for an equal length stationary signal. -IBa 6.
The method of claim 5 wherein each of the bins is between about one
millisecond and about nine milliseconds in length. 7. The method of claim
5 wherein each of the bins is between about three milliseconds and about
seven millisecamdsting|drgiispdsidh etivathvosdiigctaiive Solidvere easatbnof
the bins is about five milliseconds in length. 9. The method of claim 1
wherein the extracting step includes §_)_g__tracting normality as one of the
features, the extracting step of normaﬁzty including: standardizing the
electronic signal to have zero mean and unit variance dividing the
standardized electronic s §%nal into a Iurallty of bins each max(s) -

Yhin(syt SFH5J0t HVBRETEPE FU SR wherein a highest bin extends

to infinity and a lowest bin extends to negative infinity; determining
observed freqireficies fereickrbiivbyccouhtinep it rintierstisaprpledipa: of 2

the stapgdardizedglectrenic.sighakthat dell within each bin; determining
expected frequencies (" m ") for each bin under an assumption of

normality, usm a uare (X2) statistic using the followin ati Jeast
'(n' m") :and® 15 ga’éterrﬁ%%ﬁw%r fﬁ)‘gngormaffy fea ufévgg?ﬁb t%%oéf%wﬁﬁ‘g i

equations s@g@@qxe)pommgﬁ@tméﬂﬁw vhtdaivh. BUTRG EilethiavexfrabpgTom the

step ingludesiexiactingisher W&Kﬁl@e%{@@&e@fﬁlﬁ@ﬁ%&%ﬁ?ﬁﬁned criteria

extractlng step o dis er5| n ratio including:
for an aspxra‘uo generate an output represenfing an aspiration upon a

determination that the extracted features meet the predefined criteria.
12. The device of ciaitn 11 wherein the at least one sensor is an accelerometer.

13, The device -of claim 11 wherein the extracted features include at least two of

stationarity, normality and dispersion ratio.

14.  The device of ciaim 1! wherein the computing device uses a radial basis neural

network to classify the electronic signal.

15, The device of claim 11 wherein the computing device is configured to:

divide the electronic signal into a plurality of non-overlapping bins;

determine a total number of reverse arrangements, (A7) In & mean square

sequence; and

extract 2 stationarity feature (z), determined according to the following
equation:

Towa! /.!‘_,
U.é

where;

20



-1.9 determining a mean absolute deviation of the electronic signal

according to the following equation: Si =1 x1 - med(x)l : determining an
interquartile range S2, of the electronic signal ; and -19a extracting the
dispersion ratio according to the following equation: Si S2 it. A device for
detecting aRpialioRARERI SIogsAklRASEABRSSERI-AFDFY Wi IR-Pagal of the
posmoned externally on a throat of a subject and detect throat vibrations;
and a%@ﬁ%ﬁﬁﬁ‘ﬂgaa@wce configured to receive an electronic sisal from the

at least one sensor corresponding to the throat vibration, extract at least

two featuregfiothethendeieioirpniosifmal dptelithgth whtthaw $igneixtracted
features meet predefined criteria for an aspiration, and generate an

1 QUIPULRNIESENtRG AR aSPIation URoNR etarminatianthabihie exdraatedeond

features meet the predeflned criteria. 12. The device of claim 11 wherein

2 ANIEE B CaPRbr s B Accelerometer. 13. The device of claim 11
wherein the extracted features include at least two of stationarity,

IAormality andedishersionsratierciusarhe Jdvicinbtcraied anpisrensaglliseconds

LOMRUting devigaises aradial basis neural network to classify the
electronic signal. 15. The device of claim 11 wherein the computing device

ﬁ contfgI ded to: éjllwde the, electron!1 §|%n% mt; a?gutgrﬁ;l\!g%%mm ds in length.

on- OVGI’ applng (1jeterm|ne a | num reverse arrangements

(An,,al) in @ mean square
The device of claim 11 wherein the computing device is configured to:

standardize the slectronic signal to have zero mean and unit variance (<"s2");

divide the standardized electronic signal inte a pluraiity of bins (*"2") each of

[ mex(s) - min(sﬂ

0.4

about (.4 Volts, where L = | , and wherein & highest bin extends to

infinity and a lowest bin extends to negative infinity;

determine observed frequencies (£2"x") for each of the bins by counting the number

of samples in the standardized electronic signal (£"52") that fell within the each of the

bins;
determine expected frequencies (" 7 M " for each bin under an assumption of normality, using
a Chi-square (X°) statistic using the following equation:
: (n,—m, )
X' = Z

=l ]

determine a normality feature using the following equation:

log,,(X?).

20. The device of claim 11 wherein the computing device is configured to:



sequence; and extract a stationarity feature (z), determined according to
the following equation: _ ArO - flA 6" where: -20 MA is the mean number
of reverse arrangements expected for a stationary signal of the same
length; and cA is the standard deviation for an equal length stationar _
sighalerminergaegrohsalpie dayiAtos okt alrrasR 8€%ﬁleaﬁ<fﬁ§h§gﬁeﬁ%‘g#°wmg
about one millisecond and about niff¢#ififseconds inien th. , . The device
of claim 15 wherein each of the bihs;i betyegnabout three milliseconds
and about seven milliseconds In | h. is. The device of claim 15 wherein
each of the bins is about five milliseconds in. length. 19. The device of
claim 11 wheleémthe soinisetingitovicesiS:cohfigedrevistigndbraide the
electronic signal to have zero mean and_unit variance divide the
standardized ERERGHTSBIGHAR FHE AFRIFEIRY OPBIRLELHEE TR Hax(s) -
min(s) about 0.4 Volts, where | =10.4 1, and wherein a highest bin
extends to infinity and a lowest bin ext§nds to negative infinity; determine
observed frequencies (="""n") for each-ef the bins by counting the number
of samples in the standardized electrofiic signal (-"'s-") that fell within the
each of the bins; determine expected frequencies (" m ") for each bin
under anasswiytaNoh noriAaliby Bsingmputing device includes a universal serial bus

(“USB”) port.

22, The device of claim 11 wherein the computing device includes at least one indicator

light for indicating an aspiration.

23. - The device of claim 11 further comprising a remote unit connected to the computing

device via a link.

24, The device of claim 23 wherein the remote unit further comprises an attachment

means for affixing the unit to an article of clothing of a patient.

25. The device of claim 23 wherein the remote unit includes at least one indicator light

for indicating an aspiration.

26. The device of claim 23 further comprising a cradle for storing the remote unit when

the remote unit is not in use.
27, The device of claim 11 further comprising a persistent storage device,

28. The device of claim 27 wherein the persistent storage device is configured to record a

plurality of the electronic signals.

29. The device of claim 27 wherein the persistent storage device is removable.

2-



a Chi-square (X") statistic using the following equation: 2 (n' -m") ' and
determine a normality feature using the following equation: logto(X 20.
The device of claim 11 wherein the computing device is configured to: -71.
determine a mean absolute deviation of the electronic signal according to
the following equation; S, =-LJx, -med(x)l, n, determine an interquartile
rdhges &%, die SiaiaiBme SUREn DroPERtse SRR ratfsiected from the
agoupdingitorthef foHowirg i68: R3,MT’, Bhet Mewins Bficdidim 1 1
wherein the computing device includes a universal serial bus ("USB")
part. M.Thbadadcs ekitamm fkiwhesaiprifiecopputingdavascinakiitesat in the
Ieastone ndicator; bt for indicating an aspiration. 23. The device of

aim 11 further comprising a remote unit connected to the computing

device via a link. 24, The deyice of claim 23 wherein the remote unit

fifther congRSES &h ST N et HBATETE: WHixing Hhe LRt SN ArE Geo be
clothimgedfvethatienti=2BeThe device of claim 23 wherein the remote unit
includes at least one indicator light for indicating an aspiration. 26. The

device dﬁx@lam&%ﬂt_rmmr Towighising a sradle doestoringnthie remetecusifting of a
merstﬁesé‘gﬁp%g HM 'éﬁﬂﬂhmré@%{m; an RS-232 serial port; an 802.11x port; a biue-

tooth port.

3z A system for detecting aspiration activity of a neck structure of a living being

comprising;

a sensor for attachment o the neck structure and for generating a signal

representing an activity of the structure; and,

a computing device connectable to the sensor; the computing device including
an input device for receiving the signal;, a microcomputer comnected to the input
device and operable to extract at least two features from the signal; the
microcomputer being further operable to clagsify the signal as representing one of a
predetermined type of aspiration activity based on the at least two features; and, an
output device connected to the microcomputer for generating an output representing

the classification.

35, The system of claim 34 further comprising a remote unit operable associated with the
output device; the remote unit having an attachment means for affixing to an article of

clothing of a patient.

36. The system of claim 34 wherein a link between the sensor and the computing device

is wireless or wired.

37. The system of claim 34 further comprising a computer connectable to a port on the
computing device through which electronic information can be exchanged between the

computer and the computing device.



27. The device of claim 11 further comprising a persistent storage device.
28. The device of claim 27 wherein the persistent storage device is
configured to record a plurality of the electronic signals. 29. The device of
claim 27 wherein the persistent storage device is removable. -22 30. The
device DhelgisrBSondigieiBithedeiisisie shtiniagederictuimeeiaatieBsi O parsistent
themgﬁ%u conS|st|ng of Compact Flash, SD RAMC, and Memory Stickn".

eVice of claim 27 further comprising a port through which data
stored in the persistent storage device can be downloaded. 32. The
device of claim 11 further comprising a port through which data can be
exchanged with other devices. 33. The device of claim 32 wherein the port
is selected from the group consisting of a universal serial bus port; an
infra-red port; an RS-232 serial port; an 802.11x port; a blue- tooth port.
34. A system for detecting aspiration activity of a neck structure of a living
being comprising: a sensor for attachment to the neck structure and for
generating a signal representing an activity of the structure; and, a
computing device connectable to the sensor; the computing device
including an input device for receiving the signal; a microcomputer
connected to the input device and operable to extract at least two
features from the signal; the microcomputer being further operable to
classify the signal as representing one of a predetermined type of
aspiration activity based on the at least two features; and, an output
device connected to the microcomputer for generating an output
representing the classification.
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35. The system of claim 34 further comprising a remote unit operable
associated with the output device; the remote unit having an attachment
means for affixing to an article of clothing of a patient. 36. The system of
claim 34 wherein a link between the sensor and the computing device is
pdrelessherswirad o8 Zldth & & ydterinothel aimsiSufustvepc denppdSingparable to store a

F % %&%Q%ﬁ% lee to a port on the computing device through which
Electronic information can be exchanged between the computer and the

computmg device. -23 38. The system of claim 34 wherein the computing

V|ce rther includ eF a ggra;gtent slorage device. - (?%3 132 T8 SYRl8Wining a

clalm ereln e persiste ef StOI‘aB evice IS erable to store a
plmalmy@fdﬁ@@@mmmmmﬁe@m@m anrigge HsraliTiaseysisastable to

sioragesday, %Q@IIS for maintaining a plurality of different programming
instructions Tor rendering the microprocessor operable to classify the

signal. 41. The system of claim 40 wherein the device includes a selection

means {qr. B@J@M%@%M&W%ﬁl%& which one,of the.progranuming: nermitting

instructions s to be used by the microprocessor. 42. The system of claim

34 WefBirr thsotiHER EVice prsviRBEBIBEHRSUIGS TESEBRse fo Pthgsed By the
classificatian: 43. The system of claim 34 wherein the output device

stimulates a cough in response to an aspiration activity being detected.

44. The device of claim 11, wherein the computing device is further

configured t9stem of claim 34 wherein the output device provides biostimulus responsive to

the classification.

43, The system of claim 34 wherein the output device stimulates a cough in response to

an aspiration activity being detected.

44, The device of claim 11, wherein the computing device is further configured to
generate an output representing a swallow upon a determination that the extracted features do

not meet the predefined criteria for an aspiration.

45. The device of claim 11, further comprising a display configured to display the output

generated by the computing device.,

46. The device of claim 11, further comprising a wired link having at least two ends,
including a first end connected to the at least one sensor and a second end connected to the

computing device.

47. The device of claim 11, wherein the computing device is configured to wirelessly

receive the electronic signal from the at least one sensor.

48, A method of analyzing a signal from a sensor configured to be placed externaliy on a
throat of a subject to determine whether the subject is aspirating, the method comprising the

steps of

providing a criteria for an aspiration;

D4



generate an output representing a swallow upon a determination that the
extracted features do not meet the predefined criteria for an aspiration.
45. The device of claim 11, further comprising a display configured to
display the output generated by the computing device. 46. The device of
claim 11, furtkesicompsigirag feowitecstiriethaving at least two ends,
including a. first end connected to the at least one sensor and a second

end connecteg:-ihe cAnRPHingdeviereddidTrogaricagmbelaim 11,
wherein the computing device is configured to wirelessly receive the
lectronic SIgNAL M, G:AEARL IRRSENSRI AR, ddlaiod el e % Rarion
signal from a'sensor configured to be p’laced externally on a throat of a
subjectaetdetermine whether the subject is aspirating, the method

comprising the steps of: providing a criteria for an aspiration; -24

receiving a signatdfiapathecgensesieexiragting apledst tworstatistivalnation that the
features from ihe signal; defermining hether ihe, statistical features meet

the criteria for an aspiration; and generating an output representing an
aspiration upon a determination that the statistical features meet the

¢ é)eria for &PPRSPIPARBIT 49: IR ST ST i 4% SUHBTEM the sensor

is an accelerometer. 50. The method of claim 48, wherein the statistical
features include at least one of stationarity, normality, and dispersion

rafio. -2EhaABSIRA CF claim 48, wherein the “statistical features include at least one of

stationarity, normality, and dispersion ratio.



System and Method for Detecting Aspiration An apparatus and method for
detecting aspiration is provided. In an embodiment, a method includes
receiving an electronic signal from an accelerometer that is capable of
representing at least an aspiration, extracting at least two features from

the signal, classifying the signal as an aspiration when an aspiration is
identified based on the extracted féﬁﬁ?&g%ﬁd generating an output of

the classification. By indicating whether an activity is an aspiration, the

manner in which a patiststregfiichehadtfoaR drstsestepiiRédimood for

aspirations is fed can be adjusted to increase the likelihood of achieving a
swiallpwiinsiend skandaspimtieamuipgieading:dvidtdrnithis eatidireaiice method

SRR ALNR, Q) SRRSHR RS HBRNR LRAHSRIRMHRACUIRSIe P enting
at least an aspiration, extracting at least two features from the signal, classifying the signal as
an aspiration when an aspiration is identified based on the extracted features; and generating
an output of the classification. By indicating whether an activity is an aspwration, the manner
in which a patient afflicted with an increased likelihood for aspirations is fed can be adjusted
to increase the likefihood of achieving a swallow instead of an aspiration during feeding. In

turn this could reduce hospitalizations for aspiration pneumonia in patients with acute or

chronic injury.
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