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i nvention reReSSsRERERENGETEY BELATED ARRIMGATIANS on syst em and, nore

specifically, recej ver h t ransni ssi o coded in current
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FIELD OF THE INVENTION

[002] The present invention relates to receivers in a communication
system and, more specifically, to receivers that detect data transmission
encoded in current flow through a conducting solution with the ability to
manage power and control dosage.

INTRODUCTION

[003] There are many instances in both medical and non-medical
applications where one desires to note a personal event, i.e., an event that
is specific to a given individual. Examples of medical applications where
one may wish to note an event that is specific to a given individual include,
but are not limited to, the onset of one or more physiological parameters of
interest, including disease symptoms, the administration of a medication,
etc. Examples of non-medical applications where one desires to note an



t echni ques have been devel oped in which individuals, e.g., patients and/or
their health care provides, can record, e.g., by manually witing or data
entry, tiwe?arnd7a8ase of an event. However, there conti nees/useodmcsa2zneed for
i nprovenents in personal event nonitoring. For exanple, manually | ogging
when an event takes place can be tine consum ng and prone to error. SUMVARY
[ 005] Receivers, which may be external, inplantable, sem -inplantable,

etc., are proviggdnt HaPes Fécﬁ?& td@%%ﬁ@rﬁoﬁv@uaﬁ%de%@ﬁéﬂe%t limfbyEe e
pr esence of one or nore o ower - | ow power nodul e; an internediary

nmodul e; a power '@ﬂ?ﬁiwoﬁ%ﬁﬁ'@tmﬁﬁf&lﬂdéde@o facindiyigualsanicenieied digls. one or
nore power supplih@sohmeRcdhehk d?%‘ﬁeéxeﬂf R g?ocks dd ock; a serial peripheral

i nterface bus connecting master and and a mul ti-purpose
connect or. Ret®4}er s Betauseethens érie m@anyrrwtame@d\thrgm@dms@es deeiale &

conductlvely tr i ude the
receivers, éHnta gn\g%rﬁo%ggﬂé%ty i?'ﬁg%@ﬁ%ﬁ%@a&mé@%@ﬁﬁ% THE
FI GURES [006] Flcmvelmpee ttam%pr%@émtnatlamnpmﬁslkﬁeréoeievempboﬂogjm@(stamm of
data transm SSI i  ect ..

di agram repr ese nh%u%gg{g ? ex gle|\8/§$é &WEF%%%I\]QLEAI%&%AE%’[ CZS Qﬁé)/ﬁ'kt he

t eachi ngs of thehan dsaltht canwpm/ldea caosgor€l &g., 18y manaalbyl wut(ngjloagilatem
representation of  a e receiver FIG,1A in

nod
e aancal T s S AP IR Mo tindeldr, hitfe ERRRLES o BRd nopq &7,

functional bl oclfordlnng%merﬁtsanct@frww @temtnmeonhitarhnigt anaéxauﬂplbpmmuanmer ent
denodul ati on th ﬁl}yﬂbﬂe present in a recei v% accord '|9 one aspect
[010] FIG 3A i |<PQ%’E S %‘@Q&&%ﬁ‘%vﬁ'?%?% RolA 80’6%’6'%) QnaHS PRORG G 1
period | onger thagra transmt signal repetition period. [011]] FIG 3B
illustrates a beacon sw tching nodule providing a short but frequent sniff
period and a long transmt packet are provided. [012] FIG 3Cillustrates a
flow chart for a sniff procedure perforned by a sniff nodule, according to

an aspect. SUMMARY

[005] Receivers, which may be external, implantable, semi-implantable,
etc., are provided. Aspects of receivers of the invention include the
presence of one or more of: a high power-low power module; an
intermediary module; a power supply module configured to activate and
deactivate one or more power supplies to a high power processing block;
a serial peripheral interface bus connecting master and slave blocks; and
a multi-purpose connector. Receivers of the invention may be configured
to receive a conductively transmitted signal. Also provided are systems
that include the receivers, as well as methods of using the same.

BRIEF DESCRIPTION OF THE FIGURES

[006] FIG. 1 is a representation of a receiver for detection of data
transmission through a living subject.

[007] FIG. 1A is a block diagram representation of the receiver of FIG. 1
in accordance with the teachings of the present invention.

[008] FIG. 1B is a block diagram representation of a power management
module of the receiver of FIG. 1A in accordance with the teaching of the
present invention.



[013] FIG 3Dillustrates a functional block diagramfor a beacon nodul e
within a receiver, according to one aspect. [014] FIG 4 illustrates a
beacon f uwotzommgbilty wherein a beacon is associ ated w t RCoEs26m86g1e1cy and
a nessage is associated with another frequency. [015] FIG5 illustrates a
functional bl ock diagram of an ECG sensing nodule that may be present in a
receiver, according to one aspect. [016] FIG 6 illustrates a functional

bl ock di agr amygyjg)an #aseb e anBh&onaPEldER didddm B1Ya BEMBAGERSH cirdlitthheCcei ver
of the invention, according to one aspect. [017] FIG 7 is a block diagram

of the differentPefiQHBS i ¢aRgreniodemMedulatnn thalyMsy Be eBERENt M & reeslysfer
according to On%céér{?jﬁfgtto Q offl G 8 is a block diagramof a receiver,
according to one aspect. [019] FIG 9 provides a block diagramof a high
frequency si glI0]lchafii BAalllugtaies @ bearatopyitelng anedide axpeding §rd| FI G
10 is a three-di i i : . S receiver, according to
one aspect. [ozﬂéﬁﬁﬁ@@%th\éﬁ‘?\%r%ﬁgﬂsﬁg‘!g?%@&'@&’?ﬂa&of the signal receiver
shown in FI G [Gd] acEtEdibhdlusivatena esycen tswitflling mdaud proRidirgoa isders bah

expl oded vi ew of; t 1es] 2Nt % I | receiver shown
TUF GB. 10" and "EPOoRHF B 48 Eo EER Bk A B AUME 1o TaE pr ovi de
various vi ews[0ff2]a t WG .e3@dustrates exftaav oledrt &ir gnsliff peweduer pertiocmed diyregy t 0 one

aspect.[024] FIGS.,, 14A to 14D.provi de bl ock di agranms of hardware
confi gurations ts}qgftmprgweb%cc[grcgri%ﬁ%aq ﬂs%?cgi gnal receiver as shown in FIGS.

13A to 13E, afE@|di ngIGo3DhrisasRect funbf@l bfdck. diddrémpiopdisiagom nthoagy am of
how a systemthat includes a sigpal receiver and an ingestible event marker
may be enpl oyed,W'm%F%ﬂthg?rft%?CB %@p@@t"’_}wﬁ@t%] FIG 15B provides a
pharmaceuti cajodg! i verq. syslustiafebah besdnv acaomlite | whdiéiar Babesddnf @ m a

recei ver and control the dosage delivery. [027] FIG 16 provides a bl ock
di agr am showi ng a§Sp@eiefyith one frequency and a message is associated with another
frequency.

[015] FIG 5 illustrates a functional block diagram of an ECG sensing
module that may be present in a receiver, according to one aspect.

[016] FIG. 6 illustrates a functional block diagram of an accelerometer
module that may be present in a receiver of the invention, according to
one aspect.

[017] FIG. 7 is a block diagram of the different functional modules that
may be present in a receiver, according to one aspect.

[018] FIG. 8 is a block diagram of a receiver, according to one aspect.

[019] FIG. 9 provides a block diagram of a high frequency signal chain in
a receiver, according to one aspect.

[020] FIG. 10 is a three-dimensional view of an external signal receiver,
according to one aspect.

[021] FIG. 11 provides an exploded view of the signal receiver shown in
FIG. 10, according to one aspect.

[022] FIG. 12 provides an exploded view of the adhesive patch
component of the signal receiver shown in FIGS. 10 and 11, according to
one aspect.

[023] FIGS 13A to 13E provide various views of a two-electrode external
signal receiver, according to one aspeci.



connected to a patient. [028] FIG 17 provides a block di agram showi ng a
recei ver connected to an external power charger. [029] FIG 18 provides a
bl ock di ayoammhisusng a recei ver connected to an exter naCTasamobsiand dat a
comuni cation device. [030] FIGS. 19A-1 9B show a diagram of a router
according to an aspect of the invention that discrimnates a signal based
on voltage level. [031 ] FIGS. 20A-20C show a di agram of a router according

to an aspect gjogfjhe FRS(@“"WN thatiafi SgoliBbNa6ck adigh@Ra SRSKEtdRAre
frequency. [032] "FI G 1 shows a diagram of a router according to an

aspect of the i &@emuravprtsr\taat BRY O RIPPRIT 4] apigNay FRACMey a8riIPYRiRg @8t i ve
switches. [033] 1'§hcf§13%2?cc%rélh§ft@65@9 p&gicol lectively as FIG 22) provide a

circuit schematic for ose e ectrode connections in accordance
with an aspect025] th&G nbﬁéhprowes [eoBagram gidhowd sysie(ribaiinglades @ signal

col Lectivel y as ELGor28)q B MIlfoR Slehf eSB! GnfiBle@MdBlRiqipl pover

source bl ock of an external celrver 1n accor an aspect t he
i nvention. [035]onElasBect24A- C(referred to coll ectl veI y as FIG 24) provi de a

CLet L SoheT | EAaT ARl AR 0URER BAGH A Bedn
provi des a schermmrcl iml‘brmamwnﬁmenta recéiuercdricocumitriot herdeisage dalsleryps. [ 037] FI GS.
cireui try for Kk of 19ng! e e dafEs SuBHR (DG osBoBUiponerre Er a

y for trof| h u t 0 JHpohehts
recei ver that Hmlnu@eseoato“ralﬁatremr pose connector, accor ding to one aspect
Bl L Ay A A g R R IR R LA
28 provides a cidotiiebtdti BOBAMXOMaADoNeLdHger.

[029] FIG. 18 provides a block diagram showing a receiver
connected to an external control and data communication device.

[030] FIGS. 19A-19B show a diagram of a router according to an
aspect of the invention that discriminates a signal based on
voltage level.

[031] FIGS. 20A-20C show a diagram of a router according to an
aspect of the invention that discriminates a signal based on
frequency.

[032] FIG. 21 shows a diagram of a router according to an aspect
of the invention that discriminates a signal by employing active
switches.

[033] FIGS. 22A-C (referred to collectively as FIG. 22) provide a
circuit schematic for multi-purpose electrode connections in
accordance with an aspect of the invention.

[034] FIGS. 23A-B (referred to collectively as FIG. 23) provide a
circuit schematic for an internal power source block of an external
receiver in accordance with an aspect of the invention.

[035] FIGS. 24A-C(referred to collectively as FIG. 24) provide a
circuit schematic for an internal power source block of an external
receiver in accordance with an aspect of the invention

[036] FIG. 25 provides a schematic of component / functionality
relationships.



i npedance neasurenent nodul e using a 3-wre ohmeter, according to one
aspect of the invention. [040] FIG 29 shows state flow diagramfor the
power mamnsigent7sredul e and operation of the receiver. [POZWSpOOBIOGR1280

provi des a bl ock diagram of a hardware accel erator nodul e, according to one
aspect. DETAI LED DESCRI PTI ON [ 042] Receivers, which may be external or

i npl antabl e, are provided. Aspects of receivers of the invention include
the presence pizgne @IGEOIBAE: (rRidrred tBQ%ﬁfecltlﬂ?é’I)PQWIG’f%b Brovidle a

i nternedi ary nodul e; a power sup ply nodul e confidgured to activate and
deactivate one &ifCuir 8iaiagt SupBEiBY (o SORIIGHIHIBE BPWEEsIRR)Ybidck: a
serial peri pher dariglsCbApBnBHE GPNIGELbRGs Tt ShoRsSh AEIRbARKSSe and a
mul ti-purpose connector. Receivers of e invention nay be configured to
receive a condudoinneriort eaneiting éd osiegasnectAl so provi ded are systemns that
ncl ude the r gegiVer §1Gasoieblo ated ™A Nadsuof atidl a6 | HEASRHE: e Hlve

Recei vers of present rnvention are electrical devices 1hat include
circuitry and | @ghen‘p? esentam nelgctrodsi ng)padaarce t headavéroest anmodwdef i gur ed
to perform one Qa ea% E)‘%J&ctl ons. The term"nedical" is used
broadly to refer t ype FP¥Unction that is performed in regard to the
health of a |[08391g sElbqaeCQS $Joh|dzes & pairceint diggrasuchor aamleelemtrdde
considered to be nedi cal devi ce i funawi ons .to recgive da}wa vvlth respect

to one or nmore PAPEMENEPs né?a%urgmﬁr’gctmo Et HEH"Ehé sti'Eet OPE TR, heal thy

or in a disease aﬁ;tcatcﬁngﬁarmhepect%f tlhletmx/eﬁtlohncl ude those described in
greater detai L%‘P | ow, r&ﬁ ﬁ §S| olo ters, gnabs from ot her
medi cal devi cB40such!Gs i49gesPPBFe %t\? agiagny f8 Bs, PAHE" As
such, nedical dewasgsembni ﬁio%ruqeébnar@péraﬂéﬁ dfhﬁb reBgiviee. used in therapeutic
applications or non-ther aBeutl c applications, as described in greater

detai |l bel ow [041] n E&Ft 30rPrONIARS APk giagrae B?@sféﬁ‘ﬂdwa}{@eﬁﬁqedﬁfat%e
module, according to one aspect.

DETAILED DESCRIPTION

[042] Receivers, which may be external or implantable, are
provided. Aspects of receivers of the invention include the
presence of one or more of: a high power-low power module; an
intermediary module; a power supply module configured to
activate and deactivate one or more power supplies to a high
power processing block; a serial peripheral interface bus
connecting master and slave blocks; and a multi-purpose
connector. Receivers of the invention may be configured to
receive a conductively transmitted signal. Also provided are
systems that include the receivers, as well as methods of using
the same.

[043] Receivers of the present invention are electrical devices
that include circuitry and logic present in a housing, where the
devices are configured to perform one or more medical functions.
The term "medical” is used broadly to refer to any type of function
that is performed in regard to the health of a living subject, such
as a patient. As such, a device is considered to be medical



receivers are devices that are sized to be stably associated with a living
subject, e.g., patient, in a manner that does not substantially inpact

noverent woO 20t0076i18i ng subj ect and yet provides an intemdewskemossion, such
as signal receiving functionality, for extended periods of tinme. The term
"patient” as used herein refers broadly to subjects suspected of or known
to be suffering froma disease or abnormality, as well as subjects who are

heal thy. Recei V%fe’indéhﬁﬁ%h@ﬁ@ﬁ@ tWr’éBeFv*éed&%aW‘ﬂhnﬂaéﬁecﬁ he diwentrhere may be
associated with a patient's }{hconvenl ent neans, such as attaching

the device to aq?éﬁﬁ‘@rﬁ@”ssOfb@WbtﬁthWBte elgtheespieciist in @ Bealthyordy ause of a
clip, loop, or 5{? se“*'sb'%nabg}/@rt%teer%r@f BEVSE | ﬁﬁﬁd@%%@%’&dr%e‘a in

conpart nent of wor n atient he patient's pocket.
VWere desired, tgﬁ@atﬁé Qié”MO\MeS@@hﬁﬁthy@dobéI%@a@dﬁeﬁem&oﬂghﬁlsaﬁgﬁbl at ed

w th the pati e”tott{;]gtr dﬁé‘du%’é  ends Epegb ARl hb BEtipfe Sve F‘rﬂHf (Ei Npnt hs.

I n one exanpl e, Vice may con igure & cont |nua ssoci at ed
with the pati entdefviresorascwesk S(mmhnmmelecahdewnesmfsmw@eg are Hbosle\lhabs are

configured by a rectl £ ect. In
yet ot her aspec?ﬁ‘%? ﬁ% g’é\gpcgg re %ﬂ%'?gu?@d%% ﬁg éﬁttg dthe

devices are sizexpplicatienst aly. yassesciineedn \yréatea detallrm@Icmabj ect in a manner
t hat does not stanti all movenent, of the ng subject, aspects
of 't he_devi cel0blve "I nBrutisheBPRacmEREn Unuingy diesrih DvEHRPEC: ELEh s
a human subj ect revkiverdate @J@u&ﬁesﬂh@t&M@]s@ﬁd t®bexqieblyeass g dowither ence in
its ability to in these aspects, the dew&;m di mensj oned

such that its si w%na@%&be 89 noP2HPRber Nt 2 ABANHRYy Bt floesubRkt to

physi cal |y nmove.subevaraesiyofimpet i meadiam wytﬁbawauﬁgssasjebhaan@r gwi des for
functionality when applied to a to’m cal body |l ocation, for exanple as

descri bed above. prPY]'d§§cha” ngf feretipdyi c%—écr}mﬁsha%'énal t 6PEF'VUE ume of
50 cnB or |ess, fﬁH@t"br"r’e‘ﬂlt?Of&”gxt‘éhdbﬁséerléd‘sc'()F'(i’irﬁ‘eg En e mPrphBssy such as

20 cnB or less. In certain aspects, the device has a small size, where in
certain aspects,used herein refers broadly to subjects suspected of or known to
be suffering from a disease or abnormality, as well as subjects
who are healthy. Receivers in accordance with the teaching of
the invention may be associated with a patient’s body by any
convenient means, such as attaching the device to a patient’s
body or clothing, e.g., with tape, or by use of a clip, loop, or belt.
Alternatively, the device may be placed in a compartment of
clothing worn by the patient, such as the patient’s pocket. Where
desired, the device may be configured to be continuously
associated with the patient for an extended period of time, e.g.,
minutes to months. In one example, the device may be
configured to be continually associated with the patient for one
week or more. In some instances, the devices are configured by
associated directly with a topical skin site of a subject. In yet
other aspects, the devices are configured to be implantable. As
the devices are sized to be stably associated with a living subject
in a manner that does not substantially impact movement of the
living subject, aspects of the devices have dimensions that, when
employed with a subject, such as a human subject, will not cause
the subject to experience any difference in its ability to move. As



t he device occupies a volune of space of about 5 cnB or |ess, such as about
3 cnB or less, including about 1 cnB or |ess. Devices of the invention nmay
have a | omgesto/dsmensi on that is 30 cmor | ess, such asP2O/usa00/06$1e$sS,
including 15 cmor | ess. [045] Despite the small size of the receivers, the
devi ces can operate for extended tine periods. As such, the receivers my
operate for periods of one week or |onger, such as two weeks or | onger,

i ncluding one manich, Qh th@8EehispddlE eendRIESe 9§ diffedRioned SuBRMhRS iRy
| onger, including twelve nonths or |onger. To provide for this operation

over extended tiSHe p@idl 0B8RARMAIP N NPT eNNGET t HEE sFRlilY sATzdNef SURIECE et verss,
the devices ar e@%{daﬁ’l‘ﬁr BBVEOT DeQYROVEIHE GRYSTIS A Play 'ﬁkév%oé{" P4Rhat

consunption is . at the average power consunption of the device for a
24 hour period irsowaesrior dysctienaiity asham@pmiiedrtol @depicahdoidycliogaliag. 10 mA
or less. The av t recei : esent df idle
node (descri bedqlsﬁgg‘rae tléfd%dggg?ﬁl{\b%jelatg %ei sﬁﬁ(?égh)&ﬂgghlcgéé?ﬁ%udc VrI1Ca(_'gsnlo mA
or less and i nclruay ApveAactotalessluniheofav@rame ocuesensudnhaas G0 thé okcei ver

when present in tar descr.ihed | rgaters il hel .1s 10mA
or |l ess, such aslgi%ﬂﬂgﬁﬁﬁ%g?%:%@ ioflrclleagi gﬁ&g a%lfﬁl& orngeFeegg.' P‘ncg}c’)%{ad

i nst ances, the aspeetd, theadeoicet has recenalersizdiewhpresentertainaas@edtsye state
(as descri bed im&gr ater detail bel om rarﬂrl\ges from@?;bm tg 305 mA,I such as
from 30mA to 3 MRS TRACT RYURIFR) % VBIMMR A TRASOEMR LB 481 n %LePPEi n
aspects, the recgicneas abothe ichverri w3sariacRidgngl asaneitvens. obilgssl

recei vers are devices t?géaare confi gured torﬁﬁaqi ve a signal fraom anot her

devi ce, such as 2PYIFEHOTABAYNEOMRE MTRNGVE Patidigest dimengied thatdgi din

greater detail kehowlesdVirich é@gorceﬁejrwegg_iabmoﬁ@%ﬁ@crﬁaﬁawas, t he
receivers may be configured to receive an ingestible event marker emtted

signal, as de&?ﬁﬁ]bed qerﬁ‘p&?eﬁl%rsr@i%'ﬂ a§i¥e bl e rFGﬁi?’jerﬁeé@ VER\YCRS e
invention may ingldidR fovakidedOfinftl beebent mRds,&s MY edcalerL oy gured,

e.g., via hardware and/or software inplenmentation, to performone or nore
functi ons of th&®pgsaiector periods of one week or longer, such as two weeks or
longer, including one month or longer, three months or longer, six
months or longer, including twelve months or longer. To provide
for this operation over extended time periods and in view of the
small size of the receivers, the devices are configured for low
power consumption. By low power consumption is meant that the
average power consumption of the device for a 24 hour period is
mA or less, such as 100 pA or less, and including 10 pA or less.
The average current draw of the receiver when present in an idle
mode (described in greater detail below) is 100 uwA or less, such
as 10 pA or less and including uA or less. The average current
draw of the receiver when present in a storage mode (described
in greater detail below) is 10uA or less, such as 1uA or less and
including 0.1 uA or less. In some instances, the current draw of
the receiver when present in an active state (as described in
greater detail below) ranges from 3uA to 30 mA, such as from
30u1A to 3 mA, and including from 30uA to 300uA.
[046] In certain aspects, the receivers of the invention are signal
receivers. Signal receivers are devices that are configured to



Modul es are made up of one or nore functional blocks which act in concert
to performa particular function, which is the purpose of the nodule. A

gi ven nodwbeorystié i npl enent ed as hardware, software oPCI/USOMIONHDRS ON

t hereof . Mbdul es that may be present in receivers of the invention are now
reviewed in greater detail below [048] Aspects of the devices include a
hi gh power -1 ow power nodul e. H gh power-|ow power nodul es are nodul es that

i ncl ude high pOVP@EeMé“%“s‘P@@éI iRk Kanbthed H@‘(MdéOV\@ﬂcﬁ ugst hofrahsbpk. By
| ow power functional block is nmeant a functi onal block that perforrs

processi ng and re&fGueEselyoiiARSMHERf Sinal (Ereyeddn TeakIMmPeiadoelowe. | ow
power functi Ona|WHleRé”fhﬁeﬁefc@f ?aére| SRtlal GBBelicPs! Bl rfeb'éﬁ%'ré"?n?egae a

function requiring non- ormance processing, where exa of such
functions incl ud:@nmpne@tm rre@eate iadl egesitee avent tn@ark@g %mtitﬁﬂ sigedlt i ng an

occurrence of aagl(g%’ étcliﬁpgd de{HPBéIHW signal, etc. O interest as

| ow power functiona unc onal” bl ocks that draw a current of 10
mA or | ess anf047icl uﬂiem:gnﬂeraﬁfdhehesenh@y ntna)glmqiod\era fametyi ohdiffdseotk is

meant a functi ona : p hi r 0,
requiring |larger é gﬁ?h%ﬁg&\,\r’eaﬁ%f&%p, Eonis n%ﬁﬁgﬁwgﬁé;(éﬁgﬁorr %Oef?\ﬁ%ower
functional bl ockmpTémehtegmrpdmeperﬁunntcbmair mboesl{upemdrm wé the dedse. one
di screte functi (M% such as proce55| n conduct i

[

oebest ny 1 oceNagIER RRomBHRCES B athe SRS e b chionhE ik fifich 8RE °

processi ng may iinehn¢ert tfoopSereoxm}d sartmwmn@gdhgmmh & mbummesm ng
al gorithns (such as ite I ul sequf??spons ¥ filters, Fast Fourier
transfornms (FFTdHe ’BPQ“? PIQMeRieshaf Argvetear e

functional bl oclkwftwae é#ravéo&nﬁllm%&l@ﬂtth@fre@@ NORNeSBRE; nyChe asreBOAA or
nore in order to performtheir de5|rgnat ed functions. [049] The | ow and high

power functi onaliNnHIESEREIEedf Hie iMYATBIREhAER] NGV Jeviawed yn diredier eiit ways.
For exanple, thed@w and high power functional blocks may be inplenmented on

[048] Aspects of the devices include a high power-low power
module. High power-low power modules are modules that include
high power functional block and a low power functional block. By
low power functional block is meant a functional block that
performs processing and requires low current draw and power
consumption. The low power functional block performs at least
one discrete function—e.g., a function requiring non-high
performance processing, where examples of such functions
include maintaining an idle state, monitoring a bus, awaiting an
occurrence of a signal, such as an interrupt signal, etc. Of
interest as low power functional blocks are functional blocks that
draw a current of 10 WA or less and including 1 pA or less. By
high power functional block is meant a functional block that
performs higher performance processing requiring larger current
draw and power consumption than the low power functional block.
The high power functional block performs at least one discrete
function, such as processing conductively transmitted signals,
processing received physiological data, etc. The larger

computational processing may involve, for example, executing



separate processors or may be inplenented as separate circuit elenents of a
systemon chip (SOC) structure, anong other configurations. Further details
regar di ngwbanovEsasi npl ement ati ons of interest are proviPdEWSh@ones12s
Receivers of interest include at |east one | ow power functional block and
at | east one high power functional block. In sone instances, the receivers
w Il include additional |ow and/or high power functional blocks, as desired

to inplement a Fbﬁ‘@‘télc%hg%alr%?@bé’@:ﬂng[Q@Hntﬁﬁ\%e' ¥gEs 8k, t#fiﬂ.tbn\r@@uw nay
al so include an interned |a4’%)erm ule " which is confl gur ed %yc e the high
g

power functionalRefRIEEHEE iRl iERIBi vFeaSéanoluﬁ'&étIrﬁésgu‘trﬁtses(':': )aé&tiele state
I's meant a stat &,in¥aisCh high f;ﬁﬂg&é |0Wa‘P°c§ﬂ8lf}§s REE! AIHBRYal lodes! gnat ed

function or functions, such as atlng and/ or processing a received
si gnal, processithgt phqz\alaalomlgrarﬁl ofda0 ajA etrcmoBy, sneletdsy&0ghace Merentant a

state in which t n l o t rmng its designated
function or fun ({Pﬁ%%&%&”&r@ tth%ér ﬁ?{%éﬁ?@gj fé’?@ 8R%y be an idle or sleep
state, e.g., jou9]e thmaef unwtlanal Higlocloodveawsfumictional blockentméagudde as 1 mA
or |ess, |nclud|n 0.1 r or .an_off state, ere the functional

bl ock. df aws. no. dTRIERENaSm ayearet; o heBrenTHAYS: HeST Rt Py obaul e
transitions the dhoghhigawgiowamaunenahalbl mckk@ehvg/erb@cnhm@mwmunam ive
states. In other words, the internediar Ie changes the state of the

functional bl oclePREMEARIGSASSOES i aldRYviee 'BW ?/m@@t aSCRRALP i EHkdi ar y
nmodul e may cycl eéhenkd l@%?été‘rﬂn@hl @ﬁl@l (BOK shelcigr) amongt iofge@nd

i nactive state according todifferent |nputs such as a predeterm ned
schedul e (for eXRMHOEraoNs-ovi di nfUBYepr ogteiAs ng r@ga{w@gr ecBA®NErSr an

appl i ed stimul ugy 'Iékn@ﬁfﬁudd%%@%?&res% heol RY&ViBBE! BEMDWIOIRRIRYsCYL! € the
hi gh power functi onal bl ock between active and inactive states according to

a predet er ni ned iBighesiuincluggrateleasy @ne tlaw pawer feardeyanbtRakeantdyatycl e
the high power fungt Bﬂeallw|gtﬂgﬁ§%epefw‘{§ﬁ8n§|c"o'ld’& ang b&ﬁ%tlﬁé?aﬁéé’é efeevery 20

sec, such as every 1 , every 5 sec. |In sone irstances,
t he receivers will include addltlonal low and/or high power functional

blocks, as desired to implement a particular receiver.

[050] Receivers of the invention may also include an intermediary
module which is configured to cycle the high power functional
block between active and inactive states. By active state is
meant a state in which the functional block is performing its
designated function or functions, such as demodulating and/or
processing a received signal, processing physiological data, etc.
By inactive state is meant a state in which the functional block is
not performing its designated function or functions, where the
inactive state may be an idle or sleep state, e.g., where the
functional block draws minimal current (such as 1 uA or less,
including 0.1uA or less) or an off state, where the functional block
draws no current. By "cycle" is meant that the intermediary
module transitions the high power functional block between active
and inactive states. In other words, the intermediary module
changes the state of the functional block from active to inactive,
or vice versa. The intermediary module may cycle the high power
functional block between an active and inactive state according to



intermedi ary nodul e may cycle the high power functional block between
active and inactive states according to an applied stimlus, such as
recei pt olVoaowartsustively transmitted signal, in respon®eTUS2@M68I28 MOT €
predet er mi ned physi ol ogi cal paranmeters, in response to user instructions
(for exanple as inplenmented by depressing an operational button on the
receiver or sending a command signal to the receiver) etc. [051 ] The

receiver may be £@8fddunhpdid OsmVﬁsVé‘rpir@bléte?hﬁhéé schedule fbrl QJ(@mEFe?‘te or
one or nore active states. Accordingly, the internediary nodule may cycle

the hi gh power fasnd'P¥isdNg bbbcqugé@WéTé'ﬁga@faHIq VECEIMEN n@lctaveaRRlie as
needed, dependi ng; r\utshelnd%r'nreeiﬁiusié%‘és' QReBhtnBHERY HIRIOTmAPE Tygﬁev' ce. In

the active stat e, the recelver pe OI’ m ng one or nore aCtI ve uncti ons,
such as recei vi ngeigh gealer fpngu@@@h bigch bsityaan activarand inaotiyesstetamal

obtaini ng physi %‘B%‘rdﬁﬂé qgt %\Asd)rreﬂ‘é?esrﬁ?lﬂgdp@}éﬁ%%% 'Ca}iordaqt&ma@lec td). an

idle state, the receiv curren descri bed
above. |In the idhierstatiay ttosluleocsnyetyat@ythpehiodr nnmemlfmmlctlboabﬂql@ms in

order to m ni m %tﬁ% ﬁea%tnvgr% r?a%?@le‘?tgf@% gt %(22@%%%: ggé@ i Oé'\zser rﬁ ntain

sl eep nodes, etc vever t perform
functions that rsequi aednineutiran emymt‘nl sat. cutm esdmer amsta‘hlaes; ntrer medi ary

nodul e may cycl e the receiver, betwee idle s rding to
Gt ferent i nout SneleTy HaslS HEy Rth BEnBRN aSksr BeRARE BT Svi ded
by receiver progcaweengactveappbli eda@tﬁ\!emlétla&;s salc:dbrdmgdet@crarb@bmmmve.

[ 052] Receivers of inte confl dto gerforn}at ansbod

rest may be \
conduct i ve si gnaliMWHeh SHE 45 TEAR BF 08 A nds LRIk AN B &k SENGhaln

det ection prot ogebkpofsis o @Rl GemorBprbeeterfMesd ahysicldgibal parineless,
Transbody conductive signal detection protocols are processes in whi ch the

si gnal receiver iNdeEROBSQ At YSqMINGHIUSHONS é‘%{ne?‘%’@@ﬁ/@sa'”éﬁ”@ﬁbﬁnt%%m‘[ ed by
an |EMor smart dé@frgﬁlﬁbahnd@ﬁér‘é@von%ﬂda&fd??‘?ﬁ’lstﬁé‘ere%bgl@al oPsechaRid ed. €. 9.,

by perform ng one or nore tasks, such as decoding the signal,
command signal to the receiver) etc.

[051] The receiver may be configured to have various states—
e.g., an idle state or one or more active states. Accordingly, the
intermediary module may cycle the high power functional block
between an active and inactive state as needed, depending on the
desired function at a given time of the device. In the active state,
the receiver is performing one or more active functions, such as
receiving a signal, processing a signal, transmitting a signal,
obtaining physiological data, processing physiological data, etc.
In an idle state, the receiver draws minimal current, for example
as described above. In the idle state, the receiver may perform
minimal functions in order to minimize current draw, such as
maintain configurations, maintain sleep modes, etc. However, in
the idle state the receiver does not perform functions that require
more than the minimal current draw. The intermediary module
may cycle the receiver between active and idle states according
to different inputs, such as a predetermined schedule (for
example as provided by receiver programming) or applied
stimulus, such as described above.

[052] Receivers of interest may be configured to perform a
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storing the signal, tinme-stanping the signal, and retransmtting the
signal, as described in greater detail below [053] Receivers of interest,
such as swg@rwalo/a7enéi vers, may al so be configured to perPormsarplyse®l ogi cal
data detection protocol when present in an active state, e.g., to obtain
ECG data, acceleroneter data, tenperature data, etc., as described in
greater detail below. [054] Referring nowto FIGS. 1, 1A and 1B illustrate

one enbodi ment Qfar%ﬂo%?eédrﬂiuﬁfvet Signar §§L%H alsNY®NEMPBr shhert TRGBhMRRI 100 is
shown in position on a’livin j éct 102. The receiver 100 is shown

attached to a | éfaviGh §ignal | e@tfoq RECEAGG] - cPUAD HevigRie Ay, DEnkieashe of
the present 'nV%t'sqg?ws ?%w’e‘r@te‘ﬁraﬁ%t}%&g ' ARAICADe OLidh BEEMAT 100 on

t he subject 102. [05 erring nowto e recel ver 100 I ncl udes
a power unit or pseleR0 %@uedEfOQ@@SGSam a\ﬂwfatthgrslgnmltremwarh@tmu acitates an

el ectrode 202A, dﬁ‘aYvRFb?{"f‘tt lq écaggggfémgg%mt&% %]’ﬁdlggg%ﬁ‘ﬁé%a‘r'{“t 206.

The receiver so I nclu ment at controls
t he power consurqalreo’rerarﬂd@vlca;ean@rpm@sssthearsmnaé o$ desmathi egd.imy with

ot her near-by dey | n ul t he
receiver 100 ma m‘%ﬁhﬁé ? 8us peat u%lkg suc% a‘% anjcggcrl: g @aﬂ or
detection of thetoringnthat sigmadf tinhe staopingethd 0gnaln amd tratads mitterge t he

subj ect is |ayi down or ipn a hori.zontal p |t|o the receiver 100 is
capable of dot el Mo THars st PR Aiteat AL RO ¢ e that the

subj ect remai [G53]n thz@teup@&l fof dﬁterésﬁ’,5@hcbf\dah tsugmal flegeivéize megeily®rocl00 nmay
further include onfe nor e _di stiﬁgct. 8 g |ch) ogl cal r{)arameﬁﬁé(b sensin
abilities. By pt8i rsat%a?rf%m% YRiPlogiedqate UgisClion ProfeCorWaRR PELseRbabi | ity
of sensing a physi gh ogitival sids, 28RY. €rto ObbtRINOIFTE €tataS UsdteRSombiet ok, | im ted
to: heart rate, respirati onrat e, terrperature, pressure, chem cal

conposi tion of ftqer@pgrattgeéiata 8ital 37 SGEPRE N BR2AIBRASAIOV: | Ui d state, bl ood

flowrate, ac rO”ﬁe?érnﬁ@{PhbWtoﬁ‘ﬂGé 1] FEMAd DB TiRisEBfetbrRCebEGihlePgbAM)
data, etc. [057] "Accordin the receiver 100 nay I nclude physi ol ogi cal

par anet er measurd ®§eVeoPik! ?H&@Seéﬂt inyRstion. The degedaki19e is showe ispesitet i s
sinply Iaying dopyny F?vm%%uﬂajg@t £l ?ﬁ%}ré&%ﬁxeﬁ%@‘?g%vﬁ?ﬁﬁaﬁ%@'tﬁ@ Ieﬁ‘?ﬁ'ﬂe' tion

t hat has caused themt up I'n at position. For exanple e subj ect
may section of the subject 102. However, the scope of the present invention is

not limited by the location of the receiver 100 on the subject 102.

[055] Referring now to FIG. 1A, the receiver 100 includes a power unit or
power source 200, an operation unit 202 that includes an electrode 202A,
an operation or processing unit 204, and a memory unit 206. The
receiver 100 also includes a power management module 208 that controls
the power consumption. The receiver 100 is capable of communicating
with other near-by devices using a transmission module 210.
Furthermore, the receiver 100 may include various features such as an
accelerometer for detection of the orientation of the receiver 100. In
instances where the subject is laying down or in a horizontal position, the
receiver 100 is capable of detecting that position and the duration of time
that the subject remains in that position.

[056] Additionally, the receiver 100 may further include one or more
distinct physiological parameter sensing abilities. By physiological
parameter sensing ability is meant a capability of sensing a physiological
parameter or biomarker, such as, but not limited to: heart rate, respiration
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have had a heart attack and the receiver 100 can detect that condition and
in conjunction with information fromthe accel eroneter 2 12, the receiver
100 i s abwe 2w/detier mi ne that the patient has a potenti &Ciryusseioss13s nedi cal
condi tion. Another exanple would include the instant where the subject
suffers froman epileptic seizure. The accel eroneter 2 12 would provide
information to the receiver 100 and the information fromthe accel eroneter

2 12 conbi ned wirhfe tté}ﬁp@@ﬁﬁé”?ﬁés@@rﬁés'cﬁb#hﬂia?%bm@éélﬂﬂﬁto@rf@ld’\@'éda@uhlyRaW the
receiver 100 to deferm ne a medical condition is taking place that

will require i mASIRCHOB inblosd: fiwe Stq’[®5@?0¢?§f"€rrﬁienQC%WOWKFI’@t'qudatﬁhe power

managenent m)duI|EGgp D EArHA8 S trlégﬂi?'n peratlon modul e 300, an
i nternedi ate Fovver erati on nodul 0) a | ow power operation nodul e

304. The powe mnagén@wﬂmtydmeerma/ecdﬁﬂrmxslﬂch@emplmlmwet@rthe

conponent s of 't hg.Jd gx?iﬁg‘f%%ld%{ iBhaYLR Hé‘térr%?qmwa qﬁ{ 'ué‘% ei?“gécﬁnecf%- The

beacon swi tchi ng no enerates a Signha
managenent noduldewp0er tifother anlsjectl bas tsufesdasemef metiear eomhtm‘r thatohasact i ve

to active non-o c p [ t on
provi ded by t he%\glgg‘%doﬁ%rﬁ Cf%lﬁ’?@ L}a'nndth &%tog'gg ﬁt ﬁ@gr%%g? @%’rm‘%o%}]h?océgﬁ%)}

di scussed above,havahbbia rmanmitamkrandstlee récmzlvteh 100 ckh Getett thaheomditior et 100
may nove fromone state.to %notfher tﬁ? he mfg ?ﬂ% I‘OVI ded by
the envi ronment . APTHACHQS Wit Jn PHB%H éo@t eaCFﬁé“?’B%t& & oreC VRbt
perform ng any aQuiiyebfeuocddteiming that emmpam?ent thae .a Jdrentiahig &exielis ﬁdéauomay
transiti on between jnactive state nd ot her c{? thes de end| n

required functi &R04§iopo BROHEL F’éﬁ 8. WsAh e Hn§tﬂ ViR f‘%r?“%keﬁte

intermedi ate DO\&%ffel@,p@érﬁtarp@p||€bﬂbl|s@|zﬁﬁé/ q%@'e@:cbié@orh@t@ﬁwgfwdtﬂ@ ph&tigeen t he
i nactive state (e.g Ie?ﬁ and the active state. For exanple, when the

recei ver 100 tra?f@irﬂ@tt%‘stoft RGergE (PO anddhe @fqra@ép%pnh@ecﬁccalefq%er

non- operational dp c%rﬁ'&ﬁe& YithOthleeMbakiirtt HHIEBIogRES PaparRetBisCivodRt Ajov he
internedi ary nodul e cycles the receiver 100 from an inacti veeéq uch as idle)
G

state to an act itk reaeies 100He deisiainesioal ¢ enedicrd cpadiioms @binp eni§at he ECG
and accel er onet g, elﬁﬁfed!a'?é ?ﬁémglnary nodul e cycles the receiver 100

back to an inactive as Idle state), and the receiver 100 returns to
i nacti ve st at f058] Referrlng now to FIG. 1B, the power management module 208

includes a high power operation module 300, an intermediate power
operation module 302, and a low power operation module 304. The power
management module 208 controls the power supplied to the components
of the receiver 100 through the beacon switching module 306. The
beacon switching module 306 generates a signal that allows the power
management module 208 to transition the state of the receiver from active
to active non-operation to inactive state depending on the information
provided by the various modules and unit of the receiver 100.

[059] As discussed above, in the embodiment set forth in FIG. 1, the
receiver 100 may move from one state to another depending on the
information provided by the environment. At an idle or inactive state the
receiver 100 is not performing any active function and remains idle. The
receiver 100 may transition between inactive state and other states
depending on the required function(s) to be performed. Depending on the
function, the intermediate power operation module may cycle the receiver
100 between the inactive state (e.g., idle) and the active state. For

example, when the receiver 100 transitions from inactive state to
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[ 060] When the receiver 100 transitions frominactive state to a sniff
state for active non-operational condition in order to scan for data
transm ssworogvgsabs (for exanples by using a sniff nodeCejussuelcsss
described in greater detail below) associated with ionic em ssion for
producing current flowwith the data transm ssion encoded as a part thereof
or for detection of data transm ssion associated with w rel ess

comuni cation, tdageding ebmedhias Ynomepd@tsys! Bs ddd [eciver B br@pt an
i nactive (such as idle) state to an active non-operational state. If the

recei ver 100 red@sFelermeter gaial theupiergedinlysmagua fyalgs e gseiver A80 &M od, the
recei ver 100 thep gogw Quc?rpéé Yo‘Fe an %'af?]néétlvéts?été ser} E\% BL&PePPET

operation nodul e 300 o FIG &E I es power to t operation unit
202, the pr ocess$ repnanéellegting tféﬁ?ldf earrrﬁbraﬁwewmtelzoetaalthedﬂtelnm@dlam Then

the receiver gﬁ&ﬁ’&gg&% Hd'% c%'i\%’r"aﬁ'oo Sack fo. ot [Fth{fé"‘&vs%%h és‘ Stafdjps and

stores the sign SCri b greater at t acti've
operati onal st atand tmmeivleem@cﬁumrtomtm@mataat es processing the si gnal ,

t he power man nt J i
i nactive (suc |dIV\(/arW21[%§ %Coe ﬁ%bﬁrﬁan%@%% ér% P{%Blvég?atga}g%én?f %FI nactive
state. [061] In fsroac&wasme&pe,ratmahn@n@ldmm atdératot scansor dstadransngssidrs from a
comruni cati on nodul t hin subj ect ch as the active
o ey ati on oeihate iy amol o2 ihd & o aBle in AR R R sEC v e
cycled to the aczietalleoemmymeb@tedamm ioBilcadrissibn f@rtmbd@caﬁ@smém floivakitpower
denand i s not needed until a si %(n ?fg det ect ed fotr @m)dul ati o and

Roderca ¢h

decodi ng. [062] U 931 BRRMIERO B SabRi HiFrEP r Slelecling 9 r%‘éantl on,

the signal receit@emasReChssaiatbdenife aiicl’s ddmimBtatish, casf ihawnediakp
receive a conductively transmtted ]sﬁ(?nal The conducti vel y transmtted

signal may be a BYHRFYIemING GoeRlRY romi3n rasienisueas Wighsintelp ahy

physi ol ogi ¢ par tachfe hBS-0BERYIoRA JtheM @ terdceRet RBD rECUNHICA 's)(j(ﬁﬁ'a)’d&rrr?d'sm ts a
signal through abody using ionic em ssion through controlled rel ease of

mass from sol i d tNAt¥LANEENALENITHY BElet.i bR WCEVEUITAO thee @oenia ashYE be
produced by an 'o%'é?@oﬁﬁ“ %l&ﬂné‘qgé”h?qrpgoﬂgr b S85ibh %@dﬁé’%@b sregierg | EM or

a smart - par ent er lvery syst em esti bl e event markers of 1 nterest
i ncl ude t hose desipplidsdtigh powerTiodpeloperatipnnnig 802 ahe peoceseimg USR @04/ @1 6370

publ i shed as the memory unit 206 all of FIG. 1A. Then the receiver 100 processes the
signal, e.g., demodulates, time-stamps and stores the signal as described
in greater detail below, at the active operational state. When the receiver
100 completes processing the signal, the power management module 208
cycles the receiver 100 back to the inactive (such as idle state), and the
receiver 100 returns to the inactive state.

[061] In some aspects, scanning for data transmission signals from a
communication module within the subject 102 of Fig. 1, such as the active
non-operation state 130, the receiver 100 does not require high power to
be cycled to the active non-operational state. In such cases the high
power demand is not needed until a signal is detected for demodulation
and decoding.

[062] In accordance with the teaching of the present invention, the signal
receiver aspects of the receiver 100 may be configured to receive a
conductively transmitted signal. The conductively transmitted signal may
be a signal that is conductively transmitted signal by any physiologic part
of the body or from a device that conductively transmits a signal through a
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WO 2006/ 1 1671 8; PCT application serial no. PCT/US2007/ 082563 published as
WO 2008/ 0521 36; PCT application serial no. PCT/US2007/ 024225 published as
WO 2008/ 0wBaaBy07PAF appl i cation serial no. PCT/ US2007/ 0Pe28/R2malobs1ghed as
WO 2008/ 06661 7; PCT application serial no. PCT/US2008/ 052845 published as
WO 2008/ 0951 83; PCT application serial no. PCT/US2008/ 053999 published as
WO 2008/1 0 1 107; PCT application serial no. PCT/US2008/ 056296 publi shed

as WO/ 2008/ 1 1254, REGE AR bRRbioANhERIghaoriilefdib462 008205 62AP sBip! i shed
as WO 2008/ 1 12578 and PCT application serial no. PCT/US2008/ 077753

publ i shed as WOIPQERAMRCHNDSOlytipa Afiflsid. oHe BgnA MR BrodEeRd Ban MHIC ar e
herein incorpor ; i < are
doscri bed i PCE RGATY CopVerGR g TRIS o R FRNBHEIE o ST ReL “Ls wo
2008/ 008281 ; edlshivesy systemnor dg@sstiglediceyentosarksssi of liderish inglede gbesa ed by
reference in it | : Y f i
configured to r?ggﬁ%éogg%bacﬁ]%@@gg&?ﬁé@%?P éﬁtrC T?f%%véﬁﬁo%gﬁ%ybﬁ%ﬁn%uﬁi ve
fluid, the receiWer2006d 16R&8;deRCTe aphbtatiom tseriohensi gHal/US200W08856Gth | EM)

modi um To. enpl YA HE Dol acts REMTHA 38t rd Tod BRRFRPT ¢ nE!gndP: t he
body fluids act RGT/USR00D084225 mybfidhedd aand/ Q/Be081063626, POE aadlicatidn i s used

as a conduction nedium f i ion. As such, i h is
transferred bet we&d' in8ni€ém2)ﬁgg%%?c%“b§ﬁr&e&;rﬁ? wﬁéﬁg%ﬁbﬁ %’tctti ng
dﬁvi cehanﬂ tBedra@@]?&azieh, ss@tul as rgmze rTﬁcer'yLysaoom_ zslmsFi gpuldlishbd avedss o
t hrough the bo t ec : e _conductively signal o
i nterest may be@&%ﬁ?@igét hégigﬁpﬁwt'%ceﬁe{/@'d ’?9'orﬁ¢ﬁ@%§&)§fogg%9%t her
body tissues of dubpstedbj ept bedy2dos/tdiaofor nrot eb@ﬁﬁda&i@@' abrir nabi ng
current (a.c.) sdalé_rg(r}als that are conducted throu t he body tissues. As a

h
result, such re 9%998/9562%@9pp®e§n93a\%@/@&'(éﬂ 2575b?%5-5ramiﬁati% re

connection_bet waghal fs: YA 520881056208 plRNBk GRA AL NS ghy #iGT [ 064]

As the signal receivers are configured to recelve a conductively

transnitted si gr@plicatingey Aerfali ned-udECd /YA SSonauelished casmmuiiiat i on
modul e. The trangpgfyogPRdufbl VEs G &Rt WMkh  applications are  herein

incorporated by reference. Smart parenteral delivery systems are
described in PCT application serial no. PCT/US2007/015547 published as
WO 2008/008281; each of the foregoing disclosures is herein incorporated
by reference in its entirety.

[063] As the receiver of these aspects is configured to receive data
encoded in current flow through a conductive fluid, the receiver and the
device that emits the signal (such as an IEM) use the living body with
which they are associated as a communication medium. To employ the
body as a communication medium for the signal, the body fluids act as the
conducting fluid and the body of the patient is used as a conduction
medium for communication. As such, the signal that is transferred
between ionic emission device and any other signal emitting device and
the receiver, such as the receiver 100 of Fig. 1, travels through the body of
the subject 102. The conductively transmitted signal of interest may be
transmitted through and received from the skin and other body tissues of
the subject body in the form of electrical alternating current (a.c.) signals
that are conducted through the body tissues. As a result, such receivers
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nmodul e is a functional nodule that is configured to receive a conductively
transmtted signal, such as a signal emtted by an | EM Were desired, the
t ransbodywoantuositge conmuni cati on nodul e may be i npl eneotras2469/063108 gh
power functional block, such as descri bed above. In sone instances, the
signal which the transbody conductive comuni cation nodule is configured to
receive is an encoded signal, by which is neant that the signal has been

modul ated in somp R&NREird faﬁy JBABRAICCABR BE hardPiPb ReRhedidhpaweh AR Y phase
shift keying (BPSK), frequency shift keying (FSK), anplitude shift keying

(ASK), etc.). | Weyigeremifisg dhr signaliang the&qeMeFs and transbody conducti ve
comuni cat | 0”56'@@“' eA"shll%eé?néné}r c |9@rfs' S %f?gﬂ[)e?&g%‘d)?@ce‘?ver ¢ n\d%@tnf‘e’lPOded

S|gnal such tte an i ngestl event rrar
recei vers may béradﬂémttegiur gignal db@bdén%)he I@*mdﬁjedl sirgnsfodyn @Dﬂdcbwl\s& gnal to

noi se ratio (SN%%])nﬁQLYdléﬂ%HE?ﬁod e T Hg‘et?&sfbﬁgr ecSWc}ﬁcﬁ\?e Sb{?ﬁrtnﬁﬂttchﬁ’én noi se

in addition to e Si envir havi ng an SNR
of 7.7 dB or |eS’BOduT¢'|lS adm’e:ltlomlsmmye matﬁsmorlrf@urenbtmfnegewe@ mamddem@d;be t he

encoded si gnal r rtaid,a Sk si gnal
receiver hgs a ma% mﬁlg)égjsé §H%a| AW%Q% Séﬁaﬂ en(ylt%%%ga%rﬁ\éﬂ\g.né{\?ﬁé}efg%émﬁég, ngto
12 dB, such as ahe:trdnstg)dgalamduan@mmumthBnbdulé(mai,Bbe imgpleonéntey By codi ng

gain of 9 dB. The signal r cel ver f ts o ention can decode
Incoded si gnal s niidi” 20wt JhRRIERRS Herdeh . S Npsthdsd R68HS, ot s ! ess.
[065] In those asqetdes, wh@rggmdnewhi@aetheedraasmtqfl cbad@iicedeshmabichtiads wher e
the received signal is an _encoded |IEM signal, th tra odﬁ/ conduct | ve
communi cati on n%ﬁ‘?ﬁ“é e FaGOHIgUrRSh 0 IGGPIA 1t 3N R1IseER Stglﬁ‘é WG B B16GALI wi t h
at | east one deﬁﬁ@luh@tslghﬁl ﬁé@b@é‘ﬂnod%@éoﬁn@lﬁné FrRaRBBOddr @m@bwbsmg a
conmmuni cation nodul e may be conf |F%ured to process the received signal with

two or nore, thrEQ0sP! SMSP@S kigary rhaseshiél keé/t”tg (BREK)f Be@yRNCY SHEUKAYART on

protocols, as dQFSK?%mﬁﬂhﬁé dhiPk&ind sk difchen g BlcipeRfbb At Redafvetocol s
are enployed to process a given encodedS|gnaI the protocols may be run

si nul taneous| y @NJstERNisbAEY PNJuCtiyg ceaymyrieationtsodidedhereal areyaanfiawsd be
processed using té‘%cﬁ&é‘vaef’éc%ﬂ}eddéﬁ%‘éj%aél 1, BOH %§OA sudﬂ%o MRpHi | 'ogrhn

protocols of interest 1nc but are n t 117m stas
denodul ati on (f drgesiblepgvent awrkhss chtiebegeivars may be configured to decode the

encoded signal in a low signal to noise ratio (SNR) environment, e.g.,
where there may be substantial noise in addition to the signal of interest,
e.g., an environment having an SNR of 7.7 dB or less. The receivers may
be further configured to decode the encoded signal with substantially no
error. In certain aspects, the signal receiver has a high coding gain, e.g., a
coding gain ranging from 6 dB to 12 dB, such as a coding gain ranging
from 8dB to 10 dB, including a coding gain of 9 dB. The signal receivers
of aspects of the invention can decode encoded signals with substantially
no error, e.g., with 10% error or less.

[065] In those aspects where the received signal is encoded, such as
where the received signal is an encoded IEM signal, the transbody
conductive communication module may be configured to process the
received signal with at least one demodulation protocol, where the
transbody conductive communication module may be configured to
process the received signal with two or more, three or more, four or more,
etc., different demodulation protocols, as desired. When two or more
different demodulation protocols are employed to process a given encoded
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PCT Application Serial No. PCT/US07/024225 and published as WO 2008/ 063626,
the di sclosure of which is herein incorporated by reference); coherent
denodul atworro(oicos1iéxanpl e, as descri bed in PCT Appli cat iPom/USesn0absibip.

PCT/ US07/ 024225 and publi shed as WD 2008/ 063626, the disclosure of which is
herein incorporated by reference); accurate, |ow overhead iterative
denodul ati on (for exanple, as described in PCT Application Serial No.

PCT/ US07/ 024225 spgid), Pl ippétBebI§Sm¥f @%hoﬁmaneémy dﬂr%édh%%h@ll)pf agwhich i's

herei n incorporated by reference); incoherent denodul ation;
differential cotiesied. deifoerRAeMero$igng 0BBY benPsAESathYSiAG AsY, CQi’Véﬁ'I@@F ent

denmodul ati on pr%ﬂ%'uldt@n%?ﬁb@de(ﬂ)en%ﬁt%ﬂ r&gﬂ&g'&'r fHhdrast |HBQH+ Gyt hpat may

be enpl oyed in aspects of e recelvers |n but are not I'imted to,
t hose descri bed r10h lipdted App Clostasi lerppSaemeadulajnn HoT PKIBPDIET A XiEBREbET ma

ol osure of 1R ATBRIGH BehBF NABE! FRGN61B5E" SE ol dRE] ob W™

i nstances, a differe rent deno tion )
Differentially c&@ﬁé@@ﬁ&@éh@dwb%umfummmrelhenqmla@atadfb)ar@jfe;{em& bits in

a Bi nar hase- shj i | at e al Fr a 8 bit
bi nlary Zoge gf %%%'Ifng%%b{%ﬁhg}{r@srug 5r'n;9|@ aa. &%D é%?l gl Tg’lr{\r@t[}@%ﬁ&b |
1111. Since the SeeahMaqu/emmm%bmmpdblfshedelE:WObmom(m'BGaaj doent
bits, it is inherentl robust ai nst _sjgnal frequency instapility and
drifi than a comSTeOmRUA R DR MEror e R BB AR TR [0b8]  Th
ﬂlg_rmd;n ation ]gf oBE’ﬁiéadnltéﬂaﬂv@r(@ﬁ%mﬁat@fn /(BMG\éKammét bsedwdrbe% GauggTan et e)
ise) is perfor in certain |t rror Rate
usi ng cohePent dﬂ?ﬁ%%&tl%ﬂ%[b\& %Wgéngggé}]de%nPE &b

transmtter facidoobmiess2d,re 6%@@5&4@ of GAHIEH %ﬂier@iﬂnﬁtﬁbﬁb@rbte@rbypﬁem@ﬁée)by
sending a pilot carrier in the "frontporch” of each burst of BPSK

nodul ati on. Thi dNGHNEFBE IpMereiafierzang diffeipnieal €ahereBl deodyidtionanpl i t ude and a

reference phaﬁ%e‘] hat ;£ 85he3RAassWatdbnkRdt deAdRIllafish Prot8tolds @nfpldyedThe
presence of a front porch gives a useful detection signature to the

recei ver and a |G@hgeem depmdulationdpequies that Imay %em@eﬂam@smts@éﬂh%n of
the carrier frequalifysandRBAsS bR HotAmAd o] ORBLe PEAKHbER! inuget s made
of the carrier frequency t

Application Serlal No. PCT/US2007/024225; the disclosure of which is

herein incorporated by reference.

[067] In some instances, a differential coherent demodulation protocol is
employed. Differentially coherent demodulation compares the phase of
adjacent bits in a Binary phase-shift keying modulated signal (BPSK). For
example an 8 bit binary code of 11001010 would result in a differential
signal of 0101111. Since the technique leverages phase differences
between adjacent bits, it is inherently more robust against signal frequency

instability and drift than a coherent demodulation scheme.

COHERENT DEMODULATION

[068] The demodulation of BPSK in the presence of AWGN (Additive
White Gaussian Noise) is performed in certain embodiments to minimize
BER (Bit Error Rate) using coherent demodulation.

[069] In these embodiments, the in vivo transmitter facilitates the receiver
coherent demodulation process by sending a pilot carrier in the “front
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simplify derivation of the data rate. The transmtted signal is formatted
to have the data clock frequency an integer division of the carrier
frequencywOTBhig7pasni t s easy and rapi d data cl ock acqui ®CTiusn000/06%28 he
carrier acquisition has been acconplished. [071] The receiver sanples the
incomng signal at a rate of around 4 tines the carrier frequency in
certain enbodinents. This signal is mxed wwth a DDS (Direct D gital

Synt hesi zer) setpoh@h” td?%a@@%h@'of SPIK RlodliBEMENGY pkoddl PREBISOIR DY
baseband (real and |rrargm|nar nponents). The output of the mxer is |ow

pass filtered afdmigsat { eapitpRe 2 prlseenee |phase i derespondssyithéhe
sufficiently W genbRysRIt b gré rb%“?ﬂé”ﬁéséd&et(geat?%@' déﬁ& Pﬁxegaa{ S8t

oscillator uncertainty and equency ppl n i ther requency of the
BPSK is subsequ@}eteoyon SianakIre it thei regeiver aﬁoka lakpe RUBbEF elgeasfiencyglestpacy of

o 20% 1072] TheERoeliph A e hbinanipbXadgashand, BPSK i gnal to

create a strong doub requency 1line signal and foll ow ng
BPSK nodul at i f0v0dl | éonaddutnnaé aractical sisei |ﬁemaa‘e|eofsﬂpeacwdel:(ﬁnepl1emcyt tare

dormai n si gnal ast
Fourier Tr ansfofsrrr#ﬁlﬁyrﬁjgﬂ éefﬁg taLFaﬁ@l S %egc?@gpgn%ﬂﬁx cagdr:i er
frequency. This Haweqlnzedam olsckdﬁrequdaedy hy integert <mV|proo\ufdlee aarries trequereyof t he
carrier offset .Ir quenc to ab (% 0.% %%C(F:}tjrgc USIE‘%h 1024 poi nt FFT.
[073] The conpl € '%&?&’B BB AN PR ARl HAgR A QNES ECuFHCE he

det er m ned offseicqﬁusmqu(hasjoeeﬂ'hecdrﬁalshédafter narrow band | ow pass
filtering is BPSK si gnal tere th an accurac

0. 1% The banfiiht b She dREoHSH PORPESHS | BRHAGS 9T dlra Py emOHDS % th t he
hal f bandwi dth anéshme&%ﬂfersw@qwncy hrOZéﬂta.?E@nkﬁddnﬂbn@orrﬁub Sigrenad niged hen
extracted. The frequgg)lg of fset is determ ned ﬁwecl rst conmputing the phase

(phi = arctan(i dgy# Pirset @lg!télﬁmt@%r}ﬁ% 19 W%“'P?'cﬁ?tm?fdfqgﬁen%d t hen

estimating the sbere®tomplex\basebdi®r&fidnd iMabPan! cARGdheratite bitouf 0 a
| ine. The sl ope of the Iine corresponds to the residual frequency offset.

The conpl ex baséhahl Fixghds IPW Pawn filkereddard tdaciarted md heolowe RBs% fHltAT s
frequency Offsetbaﬁfd%mtﬁ u@FGé’E%&eﬂ@@v%ﬁ et%)*&éﬁ%uﬂ)e Qéﬁ(ﬂer{cﬂe@% th'GarfPHR ex

signal front porch i1st en aver age
to carrier oscillator uncertainty and frequency hopping dither. The

frequency of the BPSK is subsequently in the vicinity of 0 Hz with a
frequency accuracy of +/- 20%.

[072] The receiver squares the complex baseband BPSK signal to create
a strong double frequency line. The front porch signal and following BPSK
modulation all contribute to this line. The squared complex time domain
signal is transformed to the frequency domain using an FFT (Fast Fourier
Transform). The peak energy bin is identified as the 2x carrier frequency.
This frequency is divided by two to provide an estimate of the carrier offset
frequency to about 0.1 % accuracy using a 1024 point FFT.

[073] The complex baseband signal is then mixed a second time with the
determined offset frequency. The result after narrow band low pass
filtering is a complex BPSK signal centered at 0 Hz with an accuracy of
0.1%. The bandwidth of the narrow band low pass filter corresponds with
the half bandwidth of the BPSK signal.

[074] The front porch signal is then extracted. The frequency offset is
determined by first computing the phase (phi = arctan(imag/real)) of all
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mean i magi nary and real values. The arctan(nean img/ nean real) provides
the front porch phase. A rotator factor is conputed based on this phase to
rotate t woBP®BK76MSto the imaginary axis with the front PpeMUSho@06AZE
degrees. [076] A second averaging is then perfornmed on the entire rotated
BPSK signal to identify the center of gravity of the 90 degree (data = 1)
and the BPSK is rotated in a simlar manner to center this on the imaginary

axis. The i magi ra,@mmébgm@ .nltﬁetfﬂwpaidhcaﬁdttwerﬁé&trrﬁ@ttngtthe s¢@5eaof o %g] The
sliced data is strobed with a data cl ock is derived fromthe prior

det ermi nati on offiMehisHgr aileast ﬁ‘@aﬂe%&ar%uﬂﬂ tQp@l'lﬂer KiRewpleageofothet e i nt eger
factor relating dfgs ds' & thd Qgﬁéwyfrécﬁh% et ?h@c&rﬁﬁléﬂ%%b!and 078] In

enbodi mnents of the above protoco I'S agsumed that the carrier
frequency hol ds Sﬂgmahlsshhleﬂlfﬁixéﬁta Ii‘dféidﬂﬁ%yo remeye thie freguenty @ffegs evithraough t he

duration of the 9] Aspects of Coherent Denodul ation
nodul es t hat rray%gurlaEﬁBPHéﬁhan b% yodi nents of the receivers include, but

are not |imt§g¥5o, ﬂhemmﬂ@csugb@dr@m deGh iapihen cverapedSerdedérniioe the

PCT/ US2007/ 0242 th e

ref eronce. | ACCLRIE MR SIERREASY el V'S EafieaDaaro el
enbodi nent s thepro\e«t@ wherfeont potohdehaze. Acotatatiactot isveompendtebasadndrethéct | ve
decoder, al so referr t.o rej ) onmuni.cat i ons oder.. Th

Communi cati ons. G0a5He BReAtac S gnty EE ASEY SR 03 FOHST &t si mpi e,
el egant, and cosi7oefdhesdsi ve manner despite the pr esence of significant

si gnal distor% du tonlse and ot her f cto%qs The m"runlcc? %&é
decoder utili er r OrS&6H @(‘,’?fa}%qgcﬁcf &N RREouNeq Aptiee iemér[earloﬁ;% %\P ss to
achi eve the decagynagtd %@Hhi@/sthe'Ebﬁte@@lff@kwwaifltlﬁélgodjé@%ée(da@@mbﬁndm@d across
multiple and varied applications to realize a | ow cost, high coding gain.

[081] Broadly, & fioti#edtn &fsimigomanneciaGestel thiscuuthe ipreginadie 8Xidecodi ng

capabilities fOrTHé%ﬁthQFVTélﬁhél@é!Héﬂ»“shce%“toeé@%@!t'PiE’@faté)f a communi cations
decoder provides a %h coding gain wth mninml overhead. In sone

i nstances, t hBOdrmunne &ticashdaldés saered With Ridaia eI9Ck Hiah is AERi TEUT 8iF r at es
close to the thephehbhiddsh Bithe tERiePRRBOSEY-AM bpriori knowledge of the

integer factor relating the carrier frequency to the data clock frequency.

[078] In embodiments of the above protocols, it is assumed that the
carrier frequency holds to a sufficient accuracy in frequency and phase
through the duration of the entire burst.

[079] Aspects of Coherent Demodulation modules that may be employed
in embodiments of the receivers include, but are not limited to, those
described in PCT Application Serial No. PCT/US2007/024225; the
disclosure of which is herein incorporated by reference.

ACCURATE, Low OVERHEAD ITERATIVE DECODING

[080] In certain embodiments, the receivers include an accurate, low
overhead interactive decoder, also referred to herein as a communications
decoder. The communications decoder provides highly accurate
communications in a simple, elegant, and cost-effective manner despite
the presence of significant signal distortion due to noise and other factors.

The communications decoder utilizes error correcting codes and a simple,

18



whil e m nim zing processing overhead. The | ow over head ensures
costeffective inplenentations. Various inplenentations of the present

i nvent i orworeludstiRar dwar e, software, and circuitry. [OB2/082000068128

enbodi nents of the inventive comuni cati ons decoder of the present
invention use error correcting codes and a sinple, unique process to "urge
a neasurenent signal associated with a bit in error toward a neasurenent
si gnal associ at g@draMveNorbb&ssCRy h&fidve Hd Gééﬁﬁlngb'résult§huﬁ1é BB AN InRtibREe

|'i keli hood of identifying destination data that nmatches the data encoded at
origin and si gnideceasti¢ap b%ﬁ@ﬁ’/ﬁﬁ@séé‘ﬂlélt'%{@cﬁﬁ‘ﬂa@'eﬁtaﬂﬂ’é@,ﬂtioﬁéﬂ@ oealizere

si npl e, uni que ”6‘”§8§tsh'§ﬁ%5’”§ efficient inplenentations. The | ow

over head associ ate impl'e, unique process minimzes costs. LDPC
decodi ng i s f 81]essBtead. e Wb@ﬁim%tt dleai cammunigatiangneesadeatirovideslecoder
of the present oLy a - od rates the
decoded data vi ﬁég@bgt a[o?ﬁ%ﬂ tfﬁzla?{% icé%/ﬁmmndal (talgﬁ%l qﬁé @ggﬁ%ﬁ set of
t he encoded dat aommwuctatiohs ndesdgieedorevigasl 8 hlgbococan@dgamtwlthhmlmmabded
data is rounded I I 0 noi se
were present, e.Ongrh ?g nr?%érﬁ?l%%@rfcegh@g]%gﬁ}ngﬁﬁéét@hgldggfi'cﬁe"? %ﬂ'ﬁ&[te]s datap
transm ssi on synffanbmlssmmmmmbeei to MQ)trmosatcabfnalxanﬂnptbﬂeShiamom lomityal ues.
An error check i | orned on the 8 cgtl'qued i sion val ue The

set of measured 'EHH\”@'F@ga%fPﬁ%%S«E@ Pedag R IGNEHES TSRO check
of the set of hafdchedamprensttationgal ueanou“éhemb@mtm@sl of peef pragedt i n
passes across all neasured ignal sets of encoded data until a

pr edet er ni ned stISHIAY! ﬁﬁj&ﬁ}q Ayare sq{g/yare St Accurate, Low Over head

Iterative DECFUbZ']'g MYyedHb &S ehibatiniris BE tRITPveNRe ¢d?nm[l‘ﬁ|@§ﬂ|dﬁ%ncﬂéco@fer bhe
receivers include,but are not limted to, those described in PCT

Application Ser itag PKesenbaTYantion (480U SO TRAHIRI JFAsteR calift @ SiMPihi WHAYSs her ei n
i ncor porated by g&fcakeaCeqd RS FERRER SIGREESSJENidPdth & hiCh kabp

enbodi nents, the receiver Ts configured for use with an in vivo transmtter
that enpl oys FEdoW#Eravaeaswemsnt @Qﬂﬁ'e%&sp@'ﬂ‘,iedt\wtrpﬂ@\ﬁod@ch@ﬂgtniabh'é\lth'd;fal nto
combat interfer ‘?@%f‘oe Hgomeoﬁﬁéﬂﬁoéwwfﬁe?m@lfyﬁirggHéétmaﬂ&‘?' datd %r‘gpxt mMABh& HiRY

correction is si he transmtter recei ver,
data encoded at origin and significantly |mprovmg data accuracy at

destination. The simple, unique process facilitates efficient
implementations. The low overhead associated with the simple, unique
process minimizes costs. LDPC decoding is far less complex by using the

iterative communications decoder of the present invention.

[083] Generally, the decoder module generates the decoded data via
variations of the following technique. For each bit set of the encoded data,
a set of measured signals associated with the encoded data is rounded to
the nearest most likely possible measurement if no noise were present,
e.g., to a nearest transmission symbol. The set of transmission symbols is
converted into a set of hard code decision values. An error check is
performed on the set of hard code decision values. The set of measured
signals is adjusted based on an outcome of the error check of the set of
hard code decision values. The foregoing is performed in passes across all
measured signal sets of the encoded data until a predetermined stopping
condition is met. Aspects of Accurate, Low Overhead lterative Decoding
modules that may be employed in embodiments of the receivers include,
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provi des high coding gain. This functionality is achieved using single
parity check product codes and a novel SISO (Soft In Soft Qut) iterative
decodi ng wbgoroa7hrms [ 085] The transmitter encodes the nmesTAe0MpcsARs angi ng
it in rows and colums. Each row has an appended parity bit, and simlarly
each colum has an appended parity bit. For exanple, a 100 bit nessage
could be arranged in a 10 by 10 bit array. Parity bits would be added to

create a final Kl tb)felﬁotblirﬁnéﬁ E@Ythbgé‘tdéé@%éh ﬁr‘i‘qi‘C'b iddtm beRSl RB. the
channel using BPSK. For additional gal n, ditional dinensions could be

used, such as tHeEUSR0G7/fahe2didhe Otfdvhifﬁh #nhereminaerosalgd @hd
parity bits. [0884Jiee receiver decodes the nessage by an |terat|ve process
to achi eve high coding gain. Each bit is sanpled and saved in "soft" form
Assum ng ideal sanples (i.e., hard decision points) are normalized to - 1
and + 1, received bits would cone in a range between say, -2.0 and +2.0. A
hard deci sifoPRWARDERROFOGORBRECTEMPl es and parity checked. If a row or colum
has a parity error, the sanples of that row or colum are repul sed from

t heir correspondi ng hard decision point by a small delta. If the row or

col um, has 1oyl L \ELE HBBSRATRL 5 Roohls GlpWoqtel R gyt ot o

pR; ;)_pe;I yt sel _e;:t @d{[odeémsmlttbram empl@slpféﬁcqﬁo?h?drﬂrorﬂsﬁréﬁioggm pt?/ci)dtd):Bse
io), ten iterations is icien 0 achieve an 8. to

ol oy gain on RAEERR o S dBra et Eof e o B ¥ar Bt BBl T easy 1o

i npl ement i n st ooRe. pThméam BSredion FPEMASIIC the ghlsmittbr ahs Pecerggsamd hi n one

or two dB of the Sh nn%n limt for fQ|[vvard error corr ctlan iven the

particul ar codi MPYER% NG08H ALt ST TeRAIRARIY HF r 9 SH%fodul es

that nay be em'wsﬂché&k%@ﬁbt%ﬁlﬁ 2Pl 4 RevdleiIsOv@oit InnSoudRt) Methtivdd € not
limted to, those described in PCT Application Serial No. PCT/US2007/024225

publ i shed as WOYEGOBNOGEOPEIMt he di scl osure of which is herein incorporated
by reference. [%@WTﬁng%'eﬂzoMQ%e fra'rr‘aH m@ﬁp%clto%vsr@&’d enpl oy

t he beacon functionality nodule. In various aspec beacon
functional ity s@elUfdsul %aqlﬁdpweh!ﬁﬁ Yyapppnded parity blt and S|m|IarIy each column

has an appended parity bit. For example, a 100 bit message could be
arranged in a 10 by 10 bit array. Parity bits would be added to create a
final 11 by 11 bit array that would then be transmitted on the channel using
BPSK. For additional gain, additional dimensions could be used, such as
three if a cube were created to arrange the message and parity bits.

[086] The receiver decodes the message by an iterative process to
achieve high coding gain. Each bit is sampled and saved in “soft” form.
Assuming ideal samples (i.e., hard decision points) are normalized to -1
and +1, received bits would come in a range between say, -2.0 and +2.0.
A hard decision is made on all samples and parity checked. If a row or
column has a parity error, the samples of that row or column are repulsed
from their corresponding hard decision point by a small delta. If the row or
column has no parity error, the samples of that row or column are attracted
to their corresponding hard decision point by a small delta. Using a
properly selected delta, based on expected channel SNR (Signal to Noise
Ratio), ten iterations is usually sufficient to achieve an 8 to 10 dB coding
gain on AWGN (Additive White Gaussian Noise). This method is easy to
implement in stored program DSP or FPGA/ASIC logic. It also comes
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nore of the follow ng: a beacon wakeup nodul e, a beacon signal nodule, a
wave/ frequency nodule, a nmultiple frequency nodul e, and a nodul ated si gnal
nodul e. [WB2pioltiieriBeacon functionality nodul e nay be as®otiust@d/oediesh beacon
communi cations, e.g., a beacon comuni cation channel, a beacon protocol,
etc. For the purpose of the present disclosure, beacons are typically
signals sent either as part of a nessage or to augnent a nessage (sonetines

referred to her gjithifsne BERmPHB of Baranhon Tk fb%ﬂ%’r%émﬁfcbﬁfé@udf\gdlberﬁef' ned
characteristics, such as frequency. Beacons may be detected readily in

noi sy envi ronmerb@PamauARGodR0 (Bed for a trigger to a sniff circuit, such
as those descri bed above. [090] In one aspect, the beacon functlonallty
nmodul e may co[Q87] se tAbsedleaoDermki&upEnmdLﬂ:@rednani ng)dmiseulp)atf lmrrm; imnality.
Wakeup functi onal ener cﬁ conpr,i es t he fun tof oEaI it Cf erate in
hi gh power mode$ 'Gr?’ﬁ‘%o ertstqrd ?ur%“eeé"er% ’15“ ©s RH} Brepaet gy eds gy
specific pur pOSQﬁosee c@scrlﬁe@ lie CRCY eABpIRagt@l Serkll CNoAPCTYRS2DEN024225

consi deration on a receiver éortl on of anﬁ%/stem is that it be of |ow power.

This feature mayPUBbSNEdy &5t Yeode0PRERR] fREPSUER Pl dYNICR gS pP8REHe f or

both small size gifipdratdrseretenc.| ong-functioning el ectrical supply froma
battery. The beacon wakeup nodul e may enabl e these advant ages by having the

receiver operate in a high power node for very limted periods of

time. Short wglutdsnGYsbaenrt Diopuki Nd can provi de optimal system size and
energy draw features. [091] In practice, the receiver my "wake up"

periodically, and at |ow energy consunption, to performa "sniff function"
via, for exanf88] a ¥ariegs ebpeais tmayempidyetheubgress fonctidnalityr meevie. In
application, th . f r

[ ow power tinct S’gh@snh%é%&g thé ‘L’)@ﬁ dno ncﬁ’@r%ff%dﬁfmloaﬂlg rﬁa); ‘é[n% (ﬁh(%é or
transmtter si grlad)remst thtetoﬁowwg layb&amengvakbﬂpmmde (arbealcb& srge‘al meduay

Signal 15 not prou@Tie Rl QI RRlRRCERRACE . dh PR L,

to sl eep node. Isigriahmadotenner, energy is conserved during relatively |ong
peri ods when f%é?ians tter

Capabi 1111 65 51 6P T artonity areie Giohe TongeByera Mheor
communications, e.g., a beacon communication channel, a beacon
protocol, etc. For the purpose of the present disclosure, beacons are
typically signals sent either as part of a message or to augment a
message (sometimes referred to herein as “beacon signals”). The
beacons may have well-defined characteristics, such as frequency.
Beacons may be detected readily in noisy environments and may be used
for a trigger to a sniff circuit, such as those described above.

[090] In one aspect, the beacon functionality module may comprise the
beacon wakeup module, having wakeup functionality. Wakeup
functionality generally comprises the functionality to operate in high power
modes only during specific times, e.g., short periods for specific purposes,
e.g., to receive a signal, etc. An important consideration on a receiver
portion of a system is that it be of low power. This feature may be
advantageous in an implanted receiver, to provide for both small size and
to preserve a long-functioning electrical supply from a battery. The
beacon wakeup module may enable these advantages by having the
receiver operate in a high power mode for very limited periods of time.
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during the relatively few periods when a transmt signal is present. [092]
Several nodes, and conbination thereof, nay be available for operating the
sni ff cirwoi2zo10/By115at chi ng the needs of a particul ar sygCemst@owbs2sni f f
circuit configuration, an optim zed system may be achi eved. [093] Further
exanpl es of beacon functionality nodul es are described in PCT Application
Serial No. PCT/US08/85048; the disclosure of which is herein incorporated

by ref erence. FREGHENEY cyBPLNIFKNEELANbIIY oMM o[ 4o i assgpspect s

may enpl oy frequency hopping functionality nodule. The frequency hoppi ng
functional ity msHaéeataeSbe associated with the specific comunications

channel (s), fF(ﬁﬁnxe”C n @Péb%@,gtr%f RIRRRl m&f Swals u%“?érioéﬁ@éli OUdagPRfnf S MaY
utilize one o re frequency hopping protocols. For exanple, the receiver
may search the @®®srgyneanstmpdiagetogderformacaucandf amctien'gvia, fonexamnpleoaesndf f f er ent
frequencies, in i.ch t 1 S5 all «Sh:Agl enroper
decode i s achi e\?\ggﬂ,“ﬁt E{)alhqﬁﬁ @?ﬁ\}%@toﬁghés)ﬁ{et%tggiréjeélalg&jzliocné%ﬁ@hggﬂ?l{l@t@lﬁssi on of
communi cat i ng i tgendialjy reflers tof apsmat,ilom-ppagl bedtionta tdefermeioeiifvatrangroi@si | n

sone i nstances, . mjite I GY . unc ot r oyl vy random
frequency hoppi ﬁ%ptréesaeg§ I{“taat?%r(srnﬁﬁ%ﬁ%@ﬁ%dlgl%eftéc%@ %/r @gt %ﬁr'rﬁﬁﬁ ?%?68’ ehefits.
One exanpl e of <gleeiceanaoimansitionatbizoiigiperqiomes lcomsndnicaijos megodwpiodag Ifspr ead

spectrum comuni cat i FHSS). FHSS is.a nmethod of transmtting radio

P o by T sty Sterabs pol brezent, vt B PhRhEe, MARARIL Lsi ng
a pﬁegdor?ndon} s@mu@nnﬁlslgegv\mwg. boh Hhtshme?nhénséﬂ'\érgﬁrisactﬂwsbh@dr laa:gﬁg/er. One
suc enefit, for ex e, ha easy | ementation on as die. To

I Ustrate.  { he PRI Brgiesits Hen & URe BHoT T SR dnag: e A0l EHn bean
i naccurate free gowapicapasiffds! leaicii al/hifdbld foredisdient detobiemededpdatiensneal |
portion of a 1 mmdie. Accuracies on the order of +/- 20 are easily

tol erated. Thi s quENgEraisiaivelidey PeEpdeWhenpli@PsMit S @bI8RFesMr chi ng

al gorithms. [ @) Angkhsial shedbsbenrl tomBRYIGE tB&ieenNdedy b tRayadié figr TO
illustrate, over the course of the transmtter battery life, e.g., three to

ten minutes, thé@PEraipaBNe BRIl GEUitnBY MaipRing thesreads gl sraarticuley ystem & ear
channel t hat Ca'?hé)gniff?ﬁ@d;ii’%fi@ﬁrétieﬁ, A BOHRDEY sPdbmin&PEE WM REVERY be

significantly enhance
[093] Further examples of beacon functionality modules are described in

PCT Application Serial No. PCT/US08/85048; the disclosure of which is
herein incorporated by reference.

FREQUENCY HOPPING FUNCTIONALITY MODULE

[094] Various aspects may employ frequency hopping functionality
module. The frequency hopping functionality module may be associated
with the specific communications channel(s), frequency hopping protocol,
etc. As such, various aspects may utilize one or more frequency hopping
protocols. For example, the receiver may search the designated range of
frequencies, e.g., two or more different frequencies, in which the
transmission could fall. When a single proper decode is achieved, the in
vivo transmitter has accomplished its mission of communicating its digital
information payload to the receiver.

[095] In some instances, a transmitted frequency uncertainty provided by
random frequency hopping, e.g., via a random module, may create

22



due to random frequency hopping. [097] Still another benefit may be

mnimzed collision events in high volune environnments. To illustrate,
m ni m zatworrowfo76abk| i si on probability when multiple in PCrwskeoossmngt ers,
e.g., ingestible event markers, are potentially transmtting

si mul t aneously, such as in instances where the nmultiple ingestible event
mar kers are ingested concurrently or in close tenporal proximty. Stated

differently, w thotsief s@maRNCYONORREMGIS BAGUERNRIchiuridtRibR HRYocBE it hi gh
probability that ingestible event markers of a simlar ot wll transmt on

the same (or nedfeayCRGeheRRRY Spreaguerrsyrum esmMmunicgtion (RdBEi-pFdSedr|a si ons.
[098] In certai ; : ; ; : i ol une
conduct i on_ appl |Thay P oL Tens BRI RS SlphaS T AP SHAEET pari B

det ai | ed ani mal manydireguencyhehlanselsn usinge A vrseudheERNdpm segreneavinowiENt s, t he
in vivo transm t ; ' [ ' ; | nge of
1 to 100 mV may k}gg{n%]gﬁ gﬂ{ v?ﬁ'%é}ra]a\zg‘,rd :&g\e/vq%%eﬁ\?i %r@ecgir?% e@?éﬁaqggmﬂamée}ﬁorder
of hundreds to tdexasgnupleofentaionontahemglhdie. flrcaitjusiraty, tbpactivaitransioittat t i gat e
t he destructive I i feri i f i hannel
or prot ocol - may Ba By Y oA oRe Ao e RGN o SPRRARAF y
frequency hops as nasilyompleamahtéd amarsndligubrisorgofad | nemglie. Acmwtadied ed tles gnal
such as a binary phase shift keyi P si.gnal _or FSK si.gnal , output on
cach trans o SHESTRGY 2pars R dRelr s B P DRSHBR Y LRI PR be are
descri bed i n PCTrefpphdycsdarcrindeilgoaihnio. PCT/ USO8/ 85048; the di scl osure of
whi ch is herefpn 1l ncorporated

by reference. COLLI S| ON AVOl D
FUNCTI ONALI TYIGH8buLE 86 FUYA AepEY @3}53& SXt%‘§eC§hﬁitﬂy 'gé-céﬁ[\écﬁg%ﬁe’
avoi dance functigyeakid ¥oursslwk ene Tapsramkel baiter 1Ay,0b.ganseeftanehiminales! ¥
nodul e may be associated with the specific communicati ons channel (s)

col l'i sion avoi dafe @nasfliseel the Eansmiler sansmitlipg qroa<leps sbanaeliigt ¢an | i ze

various collisiqp RKSIERBENPHEGRGRY abfE Pdtei? nRSSOSHATISShiN dihahb&y
speci fic comuni cati ons channel (s). COllision avoi dance techni ques nay be

particul arly usélglto rangoneieayney hoRPieEvi ronment s where two or nore in vivo
H}aga?ht ;ﬁrs fig7] PT €88 tancthd?- bedie Rafibe RhiMizERLoliSER Sdventilit IHpye | EMB.
volume environments. To illustrate, minimization of collision probability
when multiple in vivo transmitters, e.g., ingestible event markers, are
potentially transmitting simultaneously, such as in instances where the
multiple ingestible event markers are ingested concurrently or in close
temporal proximity. Stated differently, without frequency hopping
functionality, there may be a high probability that ingestible event markers
of a similar lot will transmit on the same (or nearly the same) frequency,
resulting in multiple collisions.

[098] In certain aspects, the useful frequency spectrum for use in volume
conduction applications ranges from about 3 kHz to 150 kHz. Through
detailed animal studies it has been observed that in some environments,
the in vivo transmitter, supra, having a received signal level in the range of
1 to 100 uV may compete with narrow band interfering signals on the order
of hundreds to thousands of uV in the same frequency spectrum. To
mitigate the destructive nature of interfering signals, a frequency hopping
channel or protocol may be employed in which the in vivo transmitter
randomly frequency hops a narrow band transmitted signal, e.g., a
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environment, if the various in vivo transmtters send their signals
continuously, the transm ssion of one may obscure the transm ssion from al
t he ot herwDreowvors11sr ansmtters. As a result, failure toPdetusetIssgIngl s may
increase significantly. [0101] Various aspects may include various
col l'i sion avoi dance approaches, alone or in various conbinations. [0102]
One such approach enploys nmultiple transmt frequencies. By using

frequency- sel ectrhydidibl tstdrial Such BB & ToMEFYIphbSs shrfpﬁélﬁﬁgst(BPQK%.ghaﬂopan be
di stinguished fromthe transmtter broadcasting at 2, even If they are

transmtting si sk sigeyucitput groaacd) trangmiseen.exanpl es of Col lision Avoidance
modul es are dﬁ\}\%‘ﬁr’]' be#ghﬂer‘:&%ﬁﬂ@é bPﬁFéq%n@ﬁﬁbﬁme'??ocﬁﬁég MO LAR4Pin t he

di scl osure of erel n 1ncorporate ence. PHYSI OLOQ CAL

SENSI NG [ 0104] IRCThdwticasiont TerieddNg. \R%BU§086&5@6&¢ iheedligclosuia satiwhiehl issi gnal |
such as one em tﬁe?éin?%of@rét@ﬁ%& rfaf ?énc%f an ingestible event marker, the
't

signal receiver e one or nore distinct physiological
par anmet er sensi ng abl lities. By physiological paraneter sensing ability is
meant a capability of sensing a physiological paraneter or biomarker, such

as, but notchirmibedvé®aneareicerdat By Maisthedi ng heart rate,
el ectrocardi ogram (ECG, and the |like; respiration rate, tenperature;

pressure; chenical conposition of fluid, e.g., analyte detection in blood,
fluid state, MO8 f I\/@lelﬁsataépe%téc@ﬁér%ﬁ@t)}éra rollision aveidancet unchpraliyy t he

si gnal receiver rﬁ@crﬁ%@hﬁ%Q:'gﬂglo‘ﬁaévoﬂiaarnﬁ‘g‘?uﬁrﬁloﬁélltf'%H?M‘ﬁ{gzsc%né é?oglat d

capability, the nu I stinct pararreters of Dbl omarkeérs t e signal
recei ver may ser\!\ﬂ@1 tha;%peqﬁqlcoréwgmlcauomﬁrcw:ﬂel 2c@hsnmaéoldamerprmcels 4 or

nmore, 5 or nore, EB ?Jﬂé%tst ﬁ{awemﬂzgr'%%%%"cc{ll?sﬁ&{ 2wvbifa

anatom c, physi cﬁ ogl c em ca er assocliated with
t he presence ancprsteveir |te§7hm¢'|u®peass‘omateﬁ sw&he tige a'spscmd3| oommuaicationse

cet ectabl e and THARHAR' Rl ARt Sl sRafabe SRHELARIRLRL L
particul ar enbodixammpte, ihhenviriogmehtsr were/eno rmymam:dmwi\n'oshamitters A e of
these sensing funcll ong UShidre' B8 LA fR%sls’ hiftiond TERRL 1 Jon 451 N9
environment, if the various in vivo transmitters send their signals
continuously, the transmission of one may obscure the transmission from
all the other in vivo transmitters. As a result, failure to detect signals may
increase significantly.
[0101] Various aspects may include various collision avoidance
approaches, alone or in various combinations.
[0102] One such approach employs multiple transmit frequencies. By
using frequency-selective filtering, the transmitter broadcasting at f1 can
be distinguished from the transmitter broadcasting at f2, even if they are
transmitting simultaneously.
[0103] Further examples of Collision Avoidance modules are described in
PCT Application Serial No. PCT/US08/85048; the disclosure of which is
herein incorporated by reference.
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arrief sig a secon

at m xer 223. Ameasurable by a variety of methods including physical examination,

laboratory assays and medical imaging. Depending on the particular
embodiment, the signal receiver may accomplish one or more of these
sensing functions using the signal receiving element, e.g., using
electrodes of the receiver for signal receiving and sensing applications, or
the signal receiver may include one or more distinct sensing elements that
are different from the signal receiving element. The number of distinct
sensing elements that may be present on (or at least coupled to) the signal
receiver may vary, and may be 1 or more, 2 or more, 3 or more, 4 or more,

5 or more, 10 or more, etc.

[0105] In certain embodiments, the signal receiver includes a set of 2 or

more, such as 2 or 3, electrodes that provide for dual functions of signal
receiving and sensing. For example, in addition to receiving signal, the
electrodes can also serve additional sensing functions. In certain
embodiments, the electrodes are used to generate electrocardiogram
data. From that data, there are many kinds of processing that can be
done, e.g., to detect various cardiac events, such as tachycardia,

25

is

carrier signal 222



narrow | owpass filter 220 is applied of appropriate bandw dth to reduce
the effect of out-of-bound noise. Denodul ati on occurs at functional bl ocks
225 in acwondwmmosiidi t h t he coherent denodul ati on schenePofi/ush@opssasent

i nvention. The unw apped phase 230 of the conplex signal is determ ned. An
optional third m xer stage, in which the phase evolution is used to
estimate the frequency differential between the cal cul ated and real carrier

frequency can thbﬂFPa[%loh@he&?h@até" étéCtT%eokﬁéméJﬂ‘%lét%%Kﬁﬂdld&a&"@dia|c%\49c5e'°lged to
determ ne the beginnin the coding region of the BP nal at bl ock

240. Mainly, theisge t@eﬁk&@teomeﬂﬁétl@rgsncorha@d&ed (9hi gt pyety anaERganh) por ch
in the anpli tUd?gré?@é‘%P s@fn 'S r‘n‘éPFt ﬁ@&'%&&‘?gtesérgﬂh?{hrﬁ % YSeeiehO

determne the s Once the starting point of the
packet is deter rﬂihfﬁsdiatah%a@@ﬁ@lfu'|I%C¢r¢ﬂlfa?@‘@0§lmeﬂt$)tﬂk nmaEitonng heart rate gl ane and

standard bt | OSALALGH AnaVRRYREHAKE. dloR0ged haRlEioa B PT] 10

addition to de i on communi cati on no I ncl ude a
forward error coaonigkicthoonallyocrduire ahh-lollternmmw prcanC‘zmehaadlElvetntoMahltqm nto

conbat interfer f.rom. oth i d error
correction functep%?tﬁglle c%%()époq efs%?okﬁmi'it{htug&sﬁogﬂ&lnﬁd@gt% éﬂg%e%clz %@ % PCT
Appl i cation SerireartNor m«smﬂsz@oamazmzﬁest haen chxmﬁdeslmeeor@ing\/\,bemtd iss herein
o £y e OGS oo SO L SR, a5 R MRAa el oo "
nodul e may enp & n % ay,
garrmdng, BCH, armbnﬁﬂ)r.hiz;hprte,tmglpen@(%s i ﬂentl fy and corre](c:t (\rI]VIthI n Ibounds)
ecodi ng erroggs. 8] , Recei vers of the inveniion rtner oy a
beacon funct | BB ¢y ARAESEEseq ADGss: hehY bec tere o bedudalirs pictedtisny

nodul e 306 may em@y eBiiffoydid fodeo8é o Gifeh @édeﬁ%dnﬂgn@l PESERS ivakRies, nodul e,
a beacon signal nodule, a wave/frequency nodule, a multiple frequency

nodul e, and a no@¥i a%e@pfgqr@ﬁaﬂeﬁ’@éuiaaon [ probene! Ténd b%a‘é’gﬁreé‘ﬂﬁ"t @ﬁh?f@nhodul e

306 of Fig. 1B %%d&%leﬁ%ﬁ%bl%@ldm%tﬁb REBKRRBACORTEINS GREVIGES o fﬁnéhona{El beacon
communi cati on channel, a beacon protocol, €etc. For the purpose of the

present di scl osilack diagraphel gve atroggivell gy Enpjamest a saperent ﬁ@moa@aﬁ@a}t of a
nmessage or to abbg&%%l %d@&ﬁg%oﬁé‘éﬁﬁ%det%?%é%ﬁﬁtfoﬁd it Sndiid BEMof th gggcon

signal s"). The acons nay ve wel ned characteristics, suc
frequency. only a portion of the receiver is shown in FIG. 2. FIG. 2 ilustrates the

process of mixing the signal down to baseband once the carrier frequency
(and carrier signal mixed down to carrier offset) is determined. A carrier
signal 221 is mixed with a second carrier signal 222 at mixer 223. A
narrow low-pass filter 220 is applied of appropriate bandwidth to reduce
the effect of out-of-bound noise. Demodulation occurs at functional blocks
225 in accordance with the coherent demodulation scheme of the present
invention. The unwrapped phase 230 of the complex signal is determined.
An optional third mixer stage, in which the phase evolution is used to
estimate the frequency differential between the calculated and real carrier
frequency can be applied. The structure of the packet is then leveraged to
determine the beginning of the coding region of the BPSK signal at block
240. Mainly, the presence of the sync header, which appears as an FM
porch in the amplitude signal of the complex demodulated signal is used to
determine the starting bounds of the packet. Once the starting point of the
packet is determined the signal is rotated at block 250 on the IQ plane and
standard bit identification and eventually decoded at block 260.
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Beacons may be detected readily in noisy environnents and may be used for a
trigger to a sniff circuit, such as described below [0110] In one aspect,
t he beacomowiovwhilng nodul e 306 nay conpri se the beaconPaalisaomorios e,

havi ng wakeup functionality. Wakeup functionality generally conprises the
functionality to operate in high power nodes only during specific tines,
e.g., short periods for specific purposes, to receive a signal, etc. An

mportant confa1@g] at IPBdGfom 16 AeRIoYBILIOS! the AfarRbody §é!r$nhﬁ!ﬁ1da§orﬁ rf‘ri'ﬁdu!et be of
| ow power. This feature nmay be advantageous in an’inplanted receiver, to

provi de for bot MamiIciudgi 2 Joryaid 1 ¥rqsr eSEaclien ANeduty- wiak tmediilareYides ri cal
supply from a bajghibHal %_élﬁ tB At SHYeEiERINES f@ﬁ%rﬁg%m%@akhﬁrﬁﬁ

advant ages by having the receiver operate iIn ower for very
linmited periods neiseti merwatoetrordaeyedipsl ciinal rm@dutesn@f datargst avalere opt i mal

system si ze and \goef Qé(scfupééi"urﬁ ?ﬁf‘lu{-\ﬁﬁhc,{ag&rjr Shkial RloprP%ﬁ*/ 88007/ 4385 e S 100

may "wake up" periodica OW energy consu | on, to per‘ 6rm a
‘sni ff function'disclasurd ofrwfexlalqihmfelnanmpcbr[atad b)cnelferenct%min B@mem&tmm%e of the

present applica f c r a short,
o povier 1 unce t5h 4 uEREPAS Shnstph inodfiE g7 hf b iforbeor
transmtter sigrsathias He¢dSothdny G‘.chazy slﬁlarhmlrfg,uBﬁ:H oand Taebad prat@mlgTiny
transition to a h%rgher ower g H{;U %fcode node. If a transmitter
signal is not prdBIRYand {Urqct PRI, PO Wécif tdg? P9 CO1§: i mediately return,
to sl eep node[0108] t hRecomamerof aner fivehtortomagr Y@thel Uremigoy ehatbededry | ong
periods when a transmtter n IS, not prese whi | e hj ghpower
capabilities rer?én%'oaglg}’lné%‘f%g 3? ‘@F'PPElaéﬁ?CtaerE}@dQ ‘;5‘3}”5\‘1 Y& ur i ng
the relatively f3e¢msey emﬁﬁ)y\mérbrmré@ﬂam rou@\mg?aé bb&cd RaeH- mERIE Al
nodes, and conbi nati on t her eof be avai l e for operating the sniff

circuit. By mat Q%RRYD Signah sgiilefa él"adﬁffqué'ﬁﬂ%}f madiies A TRl TEQIUERCYE| 1 cui t

configuration, gRofm 'dﬁbzaeﬂoéuléfe%@@an%u%?h' eved. [0112] FIG 3A
illustrates a beacon 'swi tchin 306 wherein a sniff period 301 is

| onger than al@%08hsmTheiegaan Wﬁ@ﬂgtm%\\"@é’ﬁﬁo@f Rig3 1BTRay thengssogisead on i s
provided on the v%tkf’iﬁéa%onpéorﬁrm%atléﬁe t%aasﬁgécoﬁ'mur'il8£ﬁﬁnt éha?ﬁ%l ogi cal l'y,

with a sniff function also running. [n practice ctively, e 'sniff
period 301 may Hearemgentocdhaaict frer theapwipbse of theatresepetisddsore, facors 303. I n

various aspects ark I?%i@all%gtl?ﬁs %eﬁ?leﬁ'ﬁérvgé %ahocﬂga Wéésﬁ&e cbfr t[)i amagment a

message (sometimes referred to herein as “beacon signals”). The
beacons may have well-defined characteristics, such as frequency.
Beacons may be detected readily in noisy environments and may be used
for a trigger to a sniff circuit, such as described below.

[0110] In one aspect, the beacon switching module 306 may comprise the
beacon wakeup module, having wakeup functionality. Wakeup
functionality generally comprises the functionality to operate in high power
modes only during specific times, e.g., short periods for specific purposes,
to receive a signal, etc. An important consideration on a receiver portion
of a system is that it be of low power. This feature may be advantageous
in an implanted receiver, to provide for both small size and to preserve a
long-functioning electrical supply from a battery. The beacon switching
module 306 enables these advantages by having the receiver operate in a
high power mode for very limited periods of time. Short duty cycles of this
kind can provide optimal system size and energy draw features.
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between the sniff periods. In this way, the sniff function, e.g.,
inplenmented as a sniff circuit, is guaranteed to have at |east one

t ransm sswonrroto7en6ur each time the sniff circuit is acPCras20000has3ps
Referring nowto FIG 3B illustrates the beacon sw tching nodul e 306
wherein a short but frequent sniff period 305 and a long transmt packet
307 are provided. The sniff circuit will activate at some point during the

transmt tinejgfA]t h'l@p%ﬂél@rthe FdriveRitbb nedy Q\Hikb J&%eﬂ@éh@éﬂy, BRE af lansm t
signal and swtch into a high power decode ‘node. An "addi ti onal

beacon wakeup a$petdy ¢sUEPEPBVIORREtOHE 2 St fllnﬁﬁon f\iacer exampleaaddit i nuous
mode. 1 n contraghcfip FBﬁh@%?&%‘é%?hstFé‘ébﬁP%ﬁ@&tY&r tﬁé1 m%tﬂﬁ%nc%n{ he

transbody beacon transm ssion channe olt the act that the total
ener gy consunpt iggneiady relerspioctisart, dew ReweaiEChoner dejerBinaita Uﬁn%mlttietl me. In

this aspect, the ?Ye%e%‘ﬂ‘ TP nﬁﬂtéﬁ @Hﬁt gt@étecﬁﬁgrt%eth(éogﬁ”gpﬁét% | e ha"i ng

very short period act|V| case rro y are
averaged down t alesicemedy trmmttm@rto aﬁmlgleerrml\/\earycpml]matlooldlecmi&)m‘@demlffef

oY L oS B e L BB R Y, P eBAcus

sufficiently lo s ver
w th total energgtucgngusiziepomodt. arin athisr apannat, eemefgyzllsfmnsehedpdumgat ers of

0 50001 L0 YL S AR Sk L e A o FRETSRRENEEETL 8

nodul e i's shown pawes raphbiltzduleensin bOailabie fat raffidienodbdode Indde bﬁer@ﬂ@rﬁs gur ed
to scan for data encoﬁed in current fl|ow @hoduced by ionic emssion. The

data is recei vedUdn9t HE relalviele®UsPe195ndNED | § rdIgHLISIGNE! dss%r?s%@hedul e,

e.g., every 20 smgemilsnodds, ah@RombliatiohtRereer,irhgly Bérdv@ﬂakﬂ&fbr\/@peﬁallrfq
limted, e.g., 300 nsec. This rel atively low duty-cycle all ows ower

average power f dhR BN rRAICHELy BygpaleRingrie desgs pbararticdlar gystetmelp Weenift he

recei ver determdgsit bénf@u?dti%ﬂaén bstirRiz68 8dte@NHay be bBREv&d. gnal has a valid
ID. If no signal having a valid IDis detected durlng active sniff (as

Pt e Dt VRO R BBt b BBt BB B0 et v
320 a signal hayerigd 30vad iogehias armnweﬁgnélhepsetmbﬁ pRriog 893. Mheaisnd 0 st ep
322. AL step 32%unc§tlgﬁ |§ %(r:oevllc}/ee ond ﬁ;[ee;( rerllxgesAsI fshtgvone tﬁie %%%lsmllrtes(l:genlaY?edpeia?s froma
previ ously
periodically, with a sniff function also running. In practice, effectively, the
sniff period 301 may be longer than the transmit signal repetition period
303. In various aspects, there may be a relatively long period of time
between the sniff periods. In this way, the sniff function, e.g., implemented
as a sniff circuit, is guaranteed to have at least one transmission to occur
each time the sniff circuit is active.
[0113] Referring now to FIG. 3B illustrates the beacon switching module
306 wherein a short but frequent sniff period 305 and a long transmit
packet 307 are provided. The sniff circuit will activate at some point during
the transmit time. In this manner, the sniff circuit may detect the transmit
signal and switch into a high power decode mode.
[0114] An additional beacon wakeup aspect is to provide the “sniffing”
function in a continuous mode. In contrast to the approaches provided
above, this aspect of the transbody beacon transmission channel may
exploit the fact that the total energy consumption is the product of average

power consumption and time. In this aspect, the system may minimize the
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detected ionic transmtter. If the signal is froma previously detected
ionic transmtter, then the process noves to step 326. At step 326 the
recei ver weoeteromi’ags whet her the count (in other words, ipagivseceaabsieal id
detections of the sane ID) in the current wake up cycle (specified tine
since the last reported ID, such as 10 mnutes) is greater than a specified
nunber (such as 50) as neasured by a threshold counter. If the count

exceeds this thngghohstgnzoRImsENArhRng My IhoRYIAbE: BPHAMRY . intilfr ecei ver

returns to sniff node he count’ does not exceed the threshold val ue,
then the proces$aa®VviBs periogisepl Ftivingre rveraged; dewn oifepad@all i imieryo,

detecti on mde A28 1bonBRRbICT AaichiEEdBdokR. tRANBULBNId | ow by

the ionic em ssion e recel ved data | ecode
process return tconiguptian pRvides atsufficigntigdow momerr%téhatethedéqremﬁm t hat

the data e”COde%éé?Yérhgn?C 'itﬁgbu{'kw“t aFé’rﬁ’@ngcgﬁéﬂ?ﬁ |oﬂta{:§ a@{agy%pgigké At step

source thanprevi 0US en t e process nD
328 the threshollei/ed:tnmln@panamerterseﬁaS[peaJﬂlﬁ‘ﬁysﬁamt her view of a beacon nodul e

is provided i fungti | Rl O T. heme
outlined in F[tgﬁ%g[) %u@%ﬁ%%l (13|§w ?é%%h?g{ E\HBT @?&’c}@é\e%\@tqufé‘nm%gu %@dggeacon.
The incom ng si diigl1BB0shosprieddGt SCt hie IsIGgBé)I the peamionexvilohingl recduledes,
bandpass filtere such 34 hy a high, fre ncy

o Gnal T ng. chai n SRR CBRRLEEH. (W S Fogher ot shedi Pl SABTOET « oo
from anal og to diagi eatodethin Surgmlflo%@ro@cédmeﬂ @ai@i @mtsenbnat Thé aizka 31 and
m xed at the nom nal drjve frequency gsﬁ %ﬁgl—\z etc.) at
m xer 362. The rBSRIY]Y ALG HF&lvel &SR EP lt'ce'éfeét'grlﬂl(%@ 8RS Co-dass
filtered (such asefl ¥biseBMMdsat Abls@f)k31%65hé Pehb® duifg v BhiFf igNinfiieainal

m xed down to carrier offset-si 369. Si g[nal 369 is further processed by

bl ocks 367 (faste-FodPPdnses aﬂ_gfsorr%'ﬁt%(ﬁw PRIy e tligWs FOr {QMP sAYeHRefe st

peaks) to provi gRweheuididRaf b %Rteﬁ&&ﬂ%?&%w flednak s&8B32d hing H%QR/@PO'
allows for accurate determnation of the carrier frequency of th

transmitted beadGiMiTEElTR w0l ig Aresand @ngtibihah signat bas fuvRiC; l(5)naI|f| ng,
wherein a beacon;dm %§§|ﬂ§'%‘§/§\kﬂjﬂ‘[‘[‘)t@ d@ﬁe% tdd 8RR SiveCarfiii (af iIRRRSRA Hhannel,

and a nessage i s assocl a anot frequency, e.g., a nessage€
channel . This ca@tfomgd2Qt ienprieagsheeturds dntsieped s and dre egtiviepsrdlf isvhened he

systemis off until the next predetermined active period. If at step 320 a signal
having a valid ID is received, then the process moves to step 322. At step
322, the receiver determines if the signal received is from a previously
detected ionic transmitter. If the signal is from a previously detected ionic
transmitter, then the process moves to step 326. At step 326 the receiver
determines whether the count (in other words, individual valid detections of
the same ID) in the current wake up cycle (specified time since the last
reported ID, such as 10 minutes) is greater than a specified number (such
as 50) as measured by a threshold counter. If the count exceeds this
threshold as determined by the threshold counter, the receiver returns to
sniff mode. If the count does not exceed the threshold value, then the
process moves to step 330 and the receiver operates in 100% detection
mode to analyze the received data encoded in the current flow by the ionic
emission. Once the received data is decoded and analyzed, the process
return to step 315. If at step 322, the receiver determines that the data

encoded in the current flow is coming from a different valid source than
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dealing with nultiple transmt signals. The solid line represents the
beacon from Transmt Signal 1. The dashed |line represents the beacon from
Transm t 80gnal0721151 n vari ous transm ssion situations, Phg/Use@esnsies Si gnal
2's beacon mght overlap with that of Transmt Signal 1, as depicted.
Message Signal 1 and Message Signal 2 can be at different frequencies from
their respective beacons. One advantage may be that the beacon from

Transm t Signal p?e\ﬂ&?s?ry aétbci!eﬂt fchehe thScTeBs H&eﬁ@@%ﬁé@%isr O &é@@?@‘tﬁe Si gnal
1 at all, even thou they are transmtted at the sane tinme. Wile 4 is

shown with two tﬂﬁ@ﬁg‘ﬂmcpé’ﬁt?r isires§li || be apparent to one of ordi nary ski | |
in the art torg@ey’y AhBfher VW Qeé'b%ntrﬁ’o u(r@|seprb¥ndé&’|r{7ﬁ1'é>fuﬁ@foﬁal block

transmtters. The reqwremants 0 artic y em nay, to sone extent,
dictate the par tdlagﬁamrsf@mhntﬁé@t aDe e s¢hemesgitirgd [nO'i|i38]3D:QMttlmﬂ$r onr&anpl es

of beacon funct 'té"ﬂﬁ" |sc ‘ijdgn‘ﬁﬁl %{]S@E&Ir%&%gnl Pﬁgirﬁ%‘&m”ﬁgg @% s§ 1 al

PCT/ US08/ 85048; osure ‘o erei n 1 ncorpor
reference. | 0119¢pr‘e!aemteutne agpelstrecemgd oyslanyrodes.rizanaeassy filkeypi( $1g:h as

et o) i o, K, 14 39980eY oD PR RGN RBpahoy EREH By B
protocol, etc. mcempbssesahe@asrlemnequersacyr)mqndnodvezted drom malog)tcedlgnaquency
hoppi ng prot ocoI . For the r iver rch desi

range of frequen e%gnaée%%ng i S?C'Wﬁfeéje%ti @?@?ngﬁl éﬂ'ﬁ%‘i@f&e n?’ﬂ '\ﬂ}n ch the
transm ssion COldrldeffBéduenW;?ﬁuoﬁ 83, ngis HH 2 P20 m«zc;f ale) ias migbi 882d, Thée in |
vivo transmitter s acconpl i,shed on of comunj ts digita

i nformati on payl' %18”1903'9 I$ dee at[kg]gc%# ‘{]ﬂn%kﬂ%p?% I %‘aeQS% h 38"
transmtted frequensw me&aaestm s@Neckee dAridrangHaMfiXxROdeMe Yo bappi ng,
e.g., via a random nodu creﬁ;te mul tiple benefits. One such benefit,

for exanpl e, ma)Pffﬁét“éW' |3f5r%I e%'@ﬂ@'a@@%l’ﬁ Bﬁtheﬁr Pregassed Oy btacky Pestiegt e, an

in vivo transm tHRFief BaAEIM fdnBANER VetTieh | dialver sitkdBedepdtks) Tagrslidd € free
running oscillator that is easily inplenented on a Small portion of a 1 nm

di e. Accuraci es o tiuReCastiglelreqiency -sigrall 268. eBYp IRjOI06Ple!NEdIOh SCEWSE t he
benef 1 ¢y be. Gt enap ! PR ERbasY b i ranpiietloctpahner such
[0117] FIG. 4 illustrates a beacon functionality wherein a beacon is
associated with one frequency, e.g., a beacon channel, and a message is
associated with another frequency, e.g., a message channel. This
configuration may be advantageous, for example, when the system is
dealing with multiple transmit signals. The solid line represents the beacon
from Transmit Signal 1. The dashed line represents the beacon from
Transmit Signal 2. In various transmission situations, the Transmit Signal
2's beacon might overlap with that of Transmit Signal 1, as depicted.
Message Signal 1 and Message Signal 2 can be at different frequencies
from their respective beacons. One advantage may be that the beacon
from Transmit Signal 2 does not interfere with the message from Transmit
Signal 1 at all, even though they are transmitted at the same time. While 4
is shown with two transmitters, it will be apparent to one of ordinary skill in
the art to modify the system so as to scale it to many more transmitters.
The requirements of a particular system may, to some extent, dictate the
particular architecture of that system.
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over the course of the transmtter battery life, e.g., three to ten

m nutes, the probability of the transmtter transmtting on a clear channel
t hat can we 20wmaesmMed by the frequency agile recei ver mapchasgogosgiegant |y
enhanced due to random frequency hopping. [0122] Still another benefit may
be m nimzed collision events in high volune environments. To illustrate,
mnimzation of collision probability when multiple in vivo transmtters,

e.g., ingesti [ﬂﬂBfVGFhrtH@t*é@n%le@bﬁb@éﬁoﬁ%héﬂdnﬁht&rrﬁ6t§ﬂé§ Bitd@escribed in
S|nultaneously, such as in instances where t mul tiple ingestible event

markers are i ngé¥tedpetraionresiial W%rPQT{U&()@é?@Of‘%n’fB’@r@ﬁC'@%&ﬁl%WWCh $t at ed
differently, w tfaguh nTcroﬂcg%r'Et'éGBb herpsdra functionality, there may be a high
[

probability that Ingest e event markers of a simiar lot will transmt on
the sanme (or 48]y t\/ﬁGO%rﬁé}Jeﬁ?tBe@QEn@VPlOVe%uerqU@QCY rhapgingi pInstionality

I 1isi .[012 f
C1 vol une. condudtedle:o TpHABRAP Rbpind AhAlBfal rid FRPhS R o uoe
Thr ough det ai | ewlmnnhasdpesﬁloduoergnmrtlca'mss Isbennel(ss.cfrageenchappping goetecol,

. " ; )
ovel T ther o B SR BB TRANES e BB B R T g

signals on the cprrotecolef Flmuadaredls the rtebemsnanmds sehrornuhe rdesllgeaisedrrange et]uency
spectrum To mt %Iate .t he destructive na ﬁ%reﬁLﬂi nterferin

frequency hoppi GULRISIFRI S6F: PGt G olmOlfay [BYEREER i BRERA 02 vo
transm tter randembmidsiordemng yalhowhen a1thI@Vprb|@e°rCHécbdéS§YbbhledecﬁIt@@@d e.g.,

a nodul ated signal such as a binar hase shift k PSK or FSK
si gnal , out put (thoeté%r}?’?'V%rn@%ﬁ e ﬁP"gTﬁﬂﬁ]ﬂ'ﬁ?q R 8‘55‘}?19 5? d huency
Hoppi ng nodul es igbenatemcidyred tb thdfeteep! i cati on Serl al . PCT/ US08/ 85048;
the disclosure of which is herein incorporated by refer ence [0125] Vari ous

aspects of t hi0120tei VePAMeEREIANRSE 0§ rANEHItISOSTRINCRGO HRRR EBENTY BHMJeshY ity

modul e. The col lrhgdHR @é’cﬁlle%@ﬁ'cﬁoﬂdfﬁbc'fé@na{nbtﬁ FRRIBhE MddlIdenRgSefdafd €d Wi th
t he specific commruni cations channel(s), collision avoi dance protocols, etc.

As such, vari ou@@%@i@cpgn?f@ ut®ne zeucharenglt, ctIr| pxamBRleavidRrake e €%t ocol
techni ques assogﬂrq?e forit nt4toR ds sﬁ%cc!)ée.' ToGMTETAR, G h AR FRAHIREL Edrrier

Collision avoid ni ques nay . . . .
frequency oscillator can be an inaccurate free running oscillator that is

easily implemented on a small portion of a 1 mm die. Accuracies on the
order of +/- 20 are easily tolerated because the receiver employs
frequency searching algorithms.

[0121] Another such benefit may be extended battery life. To illustrate,
over the course of the transmitter battery life, e.g., three to ten minutes,
the probability of the transmitter transmitting on a clear channel that can
be received by the frequency agile receiver may be significantly enhanced
due to random frequency hopping.

[0122]  Still another benefit may be minimized collision events in high
volume environments. To illustrate, minimization of collision probability
when multiple in vivo transmitters, e.g., ingestible event markers, are
potentially transmitting simultaneously, such as in instances where the
multiple ingestible event markers are ingested concurrently or in close
temporal proximity. Stated differently, without frequency hopping
functionality, there may be a high probability that ingestible event markers
of a similar lot will transmit on the same (or nearly the same) frequency,

resulting in multiple collisions.
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particularly useful, for exanple, in environnents where two or nore in vivo
transmtters are present, e.g., where an individual ingests nmultiple | EMs.

I n such awmoenw/a7ensent, if the various in vivo transm t PETASS@M681DRI 1
signals continuously, the transm ssion of one may obscure the transm ssion
fromall the other in vivo transmtters. As a result, failure to detect
signals may increase significantly. [0126] Various aspects may i nclude

various colli§g123]avei 6RGE adpeti9ardesefufirodferey _slo@ctVLﬁﬁ FQUSeGRWB|UARL | ONS.
[0127] One such approach enploys nultiple transim fre&_yenm es. By using

f requency- sel ectoop@udtiont aalipgiionsHangeaom apewt bkbladeasil kgzatThrouditan be
di stinguished f ro%fﬁilreaearﬁrﬁ?iné{mibéﬁ%]rha{y!? 854dri F}{atfir?]g,or%léeelfhv|r6nﬁwl@ﬁt)§, ar e
transmtting sinultaneously.[0128] Further exanples of Collision Avoidance
nodul es are desdh¢ ifedve HareDTittap SupEahRYNg 8gereivedsign@dgyalsniegs0ds of t he

di scl osure of [ ' rein inco CE I tional
functi onal nodmetgqtdﬁj{\ﬁﬁngg c@gfp?f}e&@@é%lﬁ b? ﬁ%frﬁ%rﬁ%ﬁ‘@osg%n%%miﬁ @gg lil on
modul e of the retdiundreisofo theasamsest Lunini thel sihee dreguendy Epestiunanalg ty
nodul e, which associates a particular tinme with a gli ven s@;‘gnal, e.g., as
described in ondNifgatrdhe dgplrystiye AHire LAMgHEEs signdlgea frie ’Dﬂé’o@?%gﬁt& PCT

Appli cation Sericahni. orPerbiddal 3R/ Be4eABlopedlin Sirach ase WOVRROBAMSIRikeB83 and
PCT Application Seri al . PCT/ US2007/ 024225 published as WD 2008/ 063626;

t he di scl osur es "#RdQERlY cfieguanchehems a rﬁ@HPWorbaﬂédtr%f‘)ﬁ”PiH%r%%%a F9130] As
i ndi cat ed above, - E i ; ; S I
mddifatbd %’%@%ﬁcﬁ%@d&%da\(ﬁ [pgﬁsgé,‘%gl'ftg?éfyuzds %%’P@R) g.ggggiaﬁ bCT

produced by snart Kpa.rent elivery syst escri
appl i cati on seriF8K signalpaitpuiSroegghaiarseigsigubl i shed as WO 2008/ 008281 ; the

di scl osure of i2eh i eI ; n ;

i nst ances, tthbyggy- gggﬂ%%&%%@%?ﬁgg@%%gxﬂ@ﬁ&Eﬁgdgg% ?rlgeu?ée ﬁtﬁgd (Teri ve a

nunber of differRGt ApplieatioofSérial dNaret G Dh/SABMASO48; teudiisicidelrevairwhigvént from

t he received si ?éini-lc_% t% i nr&%t}émtei on that may be derived include, but
ein inebftirah gy -

are not limted I'Tvery évent is about to occur or has
occurred, how0hn25h f Maridusvaspextiroiihetrecaiderstrhay eoheldyi a4 goltision lagoibhoged t hat

was adm ni stered,, & Caiif Modull?Sfhd BSHEAT 850l e uhBonafiGthidlie hiay be
associated with the specific communications channel(s), collision
avoidance protocols, etc. As such, various aspects may utilize various
collision avoidance protocol techniques associated with the specific
communications channel(s). Collision avoidance techniques may be
particularly useful, for example, in environments where two or more in vivo
transmitters are present, e.g., where an individual ingests multiple IEMs.
In such an environment, if the various in vivo transmitters send their
signals continuously, the transmission of one may obscure the
transmission from all the other in vivo transmitters. As a result, failure to
detect signals may increase significantly.
[0126] Various aspects may include various collision avoidance
approaches, alone or in various combinations.
[0127] One such approach employs multiple transmit frequencies. By
using frequency-selective filtering, the transmitter broadcasting at f1 can
be distinguished from the transmitter broadcasting at f2, even if they are

transmitting simultaneously.
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configured to determ ne how nmuch fluid was adm ni stered, the device may be
configured to receive variable volune adm nistration data, such that it is
conf i gur esoo1viasasve different values for this data fi ecCu/usp@®dd128he
receivers may provide a further comrunication path via which collected data
can be transferred fromthe receiver to another device, such as but not
limted to, a snmart phone, hospital information system etc. This further

conmmuni cat i ong@gp | Fuﬁh@r%%‘i’pl@é’ oﬁGollr%hrﬁro?d&n@@%ﬁ@dulé@ﬂ@cﬂés%ﬂbé@
nodul e. This extra cor poreal communi cation nodul e may enploy a variety of

di fferent prot od8Fk Apprieatiop obeyiahNg. ﬁ%T/Q@Sr%@ﬂﬁd@eb@ﬁﬁowr?éﬂ véiieh & r el ess
comruni cati on prRYQsHD pf@t’éd'ﬂ?%t%?&ﬁ:e a receiver may include conventional

RF circuitry (for exanp ating in the 405- Mz nedi cal device band)
with which a pH28iit Mﬁl@lﬂn@ém@@ﬁﬁimp@lde%thaé may, beipcludedin wedeangbedt ri eval

devi ce, such as Bnifffeion3Bha8 o Subators 1! b ShREfiph Toge cgoget s o e

| ow pOV\BI’ W rel ess conmuni cati on protoco sSuc W rel ess
conmruni cat i on prfanaiooalgy madsite, efidhrasspeigtesar partoutantime atith @ngiver sigoaol t hat

enpl oy a multi-purpose C esergbed,in. areater . detail
el ow [0132] Whave Thaerat,dp’ P oladlor OF e “AbRisRio St N
external to a I|RG'ﬁUSb6/($§504I&r|mgTuAephdalnan Periali dvo.MBCTHAGE00L/0p4225]evi ces

et bae. auc b o Pupisned Sl o Pl g B, SERE PEL . ABoRERGRT el BB i on

may al so i ncl udevcanusat)ewbamaopmbhshea ashwadh 2008/068628) taatdissids ubss epnnect ed
to a conputer for readi ng oyt data stored therein. In addition, the

external porti orVMHghate %'Hénci?ﬁ%oraredmrr@fj%%eati on el ements, such as

buttons or anp)13Opus Astindieited @®ové,haé tr@hbtﬁb@yacdmaéwe%@mtmaéy Nsb Beef act
wi th the body-associ ate nedi cal device in sone ., to test

operability, to Sidieh prq%rca%\bwc%narhPare@tqréls@e“vewesre&m%ee Je8.dgsgilaey | n

some instances, ;RMp@Xt AGIeMRP AN RBMALT/08bbEN0MEEHA SubfsHRAPEOVERE t O
reconfigure various paranmeters of the receiver. As such, the comunication

modul e may be a&%ﬂ%?%dhﬁﬁrﬁc&wr%ﬁf weighlisherpisy wrerperajed haref@égncse
re-configured inghpds P%&gn rYeE%&;} ﬁsso% ¢ Rfedital 8 %Q'ﬁrﬁo d Bt how

often the receiver sni ow o ten and ong t e recel ver
col |l ects ECG or tackrive taynumlpex ofddifferent types of information about a fluid delivery

event from the received signal. Types of information that may be derived
include, but are not limited to: that the delivery event is about to occur or
has occurred, how much fluid was administered, the identity of the fluid
that was administered, etc. For those instances where the receiver is
configured to determine how much fluid was administered, the device may
be configured to receive variable volume administration data, such that it is
configured to receive different values for this data field.

[0131] The receivers may provide a further communication path via which
collected data can be transferred from the receiver to another device, such
as but not limited to, a smart phone, hospital information system, etc. This
further communication path is provided by an “extra-corporeal
communication” module. This extra-corporeal communication module may
employ a variety of different protocols. Protocols of interest include both
wired and wireless communication protocols. For instance, a receiver may
include conventional RF circuitry (for example, operating in the 405-MHz
medical device band) with which a practitioner can communicate, e.g., by
using a data retrieval device, such as a wand or analogous device. Of
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[0134] In one aspect, the extra-corporeal conmunication nodul e may be

i npl emented to have its own power supply so that it nmay be turned on and
of f i ndep®odenid7y1ifr om ot her conponents of the device, Por/USz@IpPbE28 by a
m croprocessor. [0135] Receivers in accordance with the teachings of the
invention may include one or nore distinct physiological sensing nodul es.
By physiological sensing module is neant a capability or functionality of

sensing one or Wé%sphv%rﬁé Q%é‘(ﬁé aRALMFIVRSr Wiltlled3i HMBH RSPl prbidcBlisest ,
such as, but not limted cardi o-data, including heart rate,

el ect rocar di ogr &te{ E&)BL%'BO@FEUTW |\kléelei%se@Wﬂlwloﬂap@tomeﬁﬁpuIOfa
pressure; chem Crfi%re%?”ﬁr%s'c{ 'nﬂﬂur%at[ong' 80(9 ’thaqn%lr@‘ adft ek %gbéb bl ood,

fluid state, bl oo ow rate, accelero not 1 on etcC. re the
recei ver has physno¢agi, sath padasménbed mgrelate:mdetddebelmny ng capability,

sense may var 1321 o WRREHEELRPnRSTAiERS 4 BRnoh Br i I md R or” ™
more, five or nuiviag doem d@rmgmse,, thet portladnmayerlrave"dut@.nwemeé foredrevidingp an
anat om c, physiol ogic i

t d th
the presence and&eddPic Qg%Pr é('sllﬂélgllr?erﬁfbéfﬂét gfaur%@%pogsa@ngféﬁr%v ?S()@Cbl Legas\gl

state. Dependi ngi@rms} DEDBadibhIaY kaieehs et Théféﬁte(ﬂﬁallmﬂldm&ﬁaﬁals@mﬁﬂlu@dl one or
nore of these sensing functions using a sSi recei ving el enent of the

device, such as BYNig Pﬁ%p%rté@t‘?’%@“eo‘fonﬂﬁ‘%‘ EE%T? bR PORRSCIRY] GPafOPREE vi ng

and sensing applibCriadMdSoutYatd BROréEaRIMAr IFBYdItRG! tHéeeBMaPporiiBh englf sti nct
sensing elenents (such as m cro-needl es descri bed below) that are different

from the signal NAS PNAPT NRIPeAREr AR CIATRIES. BICNIRS OHeRS QeABRIAGO'E enent s
that may be presgibifdy, tha 48l éhséﬁﬁ‘ﬁhaﬁ%’lw Rtbra& \thﬂhesb&ﬂaéss%@?é ver may

vary, and may be one or nore, two or nore, three or nore, four or nore,

five or nore, téﬁﬁdﬁm Beriee isemeI6YY. B1o- dérteﬁlqweéaiﬁiébtt@ turnHBe devies war
includes a set Qf J3M0 i qdliEetcSUCh as two or three, electrodes that

provi de for dual {unctlons of 'signal receiving and sensing. For exanple, in
addition to rEESBYI ngn sbgwainstanhes,ebecixtradosparaal edrsmupicatien actiuld dmal

S e e MO SRR PR PSR A APt perer e
t hat can be donepnmemugnicativn deddett may be a two-way communication module.
Parameters that may be re-configured include the “Duty Cycle” of the data
acquisition, e.g., how often the receiver sniffs for IEMs, how often and for
how long the receiver collects ECG or activity data, etc.

[0134] In one aspect, the extra-corporeal communication module may be
implemented to have its own power supply so that it may be turned on and
off independently from other components of the device, for example, by a
MiCroprocessor.

[0135] Receivers in accordance with the teachings of the invention may
include one or more distinct physiological sensing modules. By
physiological sensing module is meant a capability or functionality of
sensing one or more physiological parameters or biomarkers of interest,
such as, but not Ilimited to: cardio-data, including heart rate,
electrocardiogram (ECG), and the like; respiration rate, temperature;
pressure; chemical composition of fluid, e.g., analyte detection in blood,
fluid state, blood flow rate, accelerometer motion data, etc. Where the
receiver has physiological parameter or biomarker sensing capability, the
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various cardi ac events, such as tachycardia, fibrillations, heart rate,
etc., to detect neurological conditions, such as seizures (e.g., as nay
occur in wpi2ompeylifsee for exanpl e devi ces and nodul es eomfisgemwacsiRor

sei zure detection, described in greater detail below), etc. The obtai ned

el ectrocardi ogram data can be used to titrate nedications, or can be used
for to provide an alert when an inportant change or significant abnormality

in the heart ratgnerofidint Sard@tsts %ﬂbldﬁ#@ﬁ@rs(iﬁ&la{h@rss%@l $@cd\@rﬁﬁw in

certain aspects for nonitoring heart rate in patients do not have
pacenakers or a$cape AldYeYHHt P¥e QNP shm%%ttvamromw%hr%@rrrmorey freg@ire a

Hol ter monitor Qpodd ficd df ﬂgorgvﬁﬂtorwaﬁet ARELER) CoidmalERS rdiéfs to_an

conti nuously nonitoring el ectrica act|V|ty of the heart for 24 hours
or ot her devi ce@natwl@,xpbm@aglce@mcbem@abeqar owleayllajspedrametesr asspsiatad ng

occasi onal cardi : LE £ t i LEv . rter
time periods.[01 tﬁigpé/ns;gﬂ?é 3id gegébrggél,ea gﬁélmo%tmneﬁrs Eégna%%?{% F%é\'ﬁ(f ngeéél:’p
physi ol ogi cal sestater @eaesd:lln@on the partichler e$ect, tbeldeviomnayaccamplisieend n t he

e oL e B TR o AR5 7 e P 5 5.
to obtain preci sbvm:eamnheam ssmg eteenpcdaafsamfuhereo@meadﬂi@g'réammcemmamﬂ ogi cal
sensor may include .an P P t odi ode caonhi eg into u ox] net er,
whi oh my be. emieOy8 THTRERCE: of Brooac i ERRANOHce Wilecn” RBHF GTafEh g ve
i nformation abOl&nQHbS@Ieﬁfeﬁﬁwglmh lag Attt ineetlies aggeibed otBelb\h)e thatgaed
receivers include, a I]%)tress re .sensor

, Where the si receiver is
et od noxt A Saara e 3107 Secaiisa Blelmat: The URPELET GHtns] SO csaur 6.
Strain gauges arferfé@sanit iy GRY hrdkentash §ed forl & |BBESCHUR|dY RSH] Signal
defl ections, which are then attached to the signal receiver. [0138] The

recei vers may al'8eRiYqicNay¥aynany Mayde] aee ioh MEen¥r Q. MEs t@ﬁﬁr%l”@zorespem fic

chemi cal sensor go ey itstel mrﬂﬁé@t%dr%&et% signal receivers to detect
t he presence of various agents, al cohol, glucose, BNP (B-type

Natriuretic pt3blie, InpaerEain .agpgg%dgea@wwrﬁqﬂuw@ﬁatofdwswsmwe gueh Sensor
of jrerest ihcldddgyd fq?sgqlré?ém&bewcféé ibat d5boE oS SBRBTASCDr digaP cal

analyte in a bio oglca ui'd sa ere anal ytes I nt erest 71 ncl ude,
but are not | i nireegiving anldlsﬁmdmgugﬁmr e@m@es@) additiey] &stesedling bighaly g n,

electrodes can also serve additional sensing functions. In certain aspects,
the electrodes are used to generate electrocardiogram data. From that
data, there are many kinds of processing that can be done, e.g., to detect
various cardiac events, such as tachycardia, fibrillations, heart rate, etc., to
detect neurological conditions, such as seizures (e.g., as may occur in
epilepsy (see for example devices and modules configured for seizure
detection, described in greater detail below), etc. The obtained
electrocardiogram data can be used to titrate medications, or can be used
for to provide an alert when an important change or significant abnormality
in the heart rate or rhythm is detected. These data are also helpful in
certain aspects for monitoring heart rate in patients who do not have
pacemakers or as an alternative to patients who might normally require a
Holter monitor or a Cardiac Event Monitor, portable devices for
continuously monitoring the electrical activity of the heart for 24 hours or
other devices. An extended recording period is useful for observing
occasional cardiac arrhythmias that are difficult to identify in shorter time
periods.
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creatine, various metabolic enzynes, henogl obin, heparin, hematocrit,
vitamn K or other clotting factors, uric acid, carcinoenbryonic antigen or
ot her turwo 2amii7§EIRS, vari ous reproductive hornones suclrCIAISLIVIHES128
associated wth ovul ati on or pregnancy, drugs of abuse and/or metabolites

t hereof ; bl ood al cohol concentration, etc. In certain aspects, substances
or properties for which the receiver is configured to detect include

lactate (i WO[G@?‘_] st rﬁérﬁﬂo%é%)oov@xdrgﬁﬂﬁ miFd aédjlﬁ@rliﬁi"phy&lel%gféﬁpséﬂ%fo?@0| ites,
and il egal drugs %t ant for both nedi cal 8n03| S and | aw
Wetistiac

enf orcenent) . tlee elegEpdesn@Ry dedneludashialthe eeapbtesc FPhEXABAISI ng
el enent, this sepgd r&h?é@é‘rﬁso@aéhc@]eaé:%”thbﬂﬁ'igt%ﬁj ¢ (fh?enﬁﬁé?ﬁ W&'seh r;‘/‘ number

of different ways. For exanpl e, sensor that 1nc ective
per neabl e menbr dBStiMe temneéatpr@rWMSthT@sﬁ Heay ge emaekediarmbiain prepiseect may

be provided, whep s}ghﬁm}&ntbSofatedﬁéFHt%%EdAﬁeéddu%‘?ﬁi ’bﬂyé 8|89|t%|§|"?ér?s%? the

agent passes throu suc
el ectrical pr opemctlluman oEDx hred aecbhotodim@ CWBhlnaéamoraeplulse rmxmmtelalwhldspect S,

asmal | reservoir f it is
enpl oyed, and el e%]P‘lycégW @ﬂi"r C@}I W%Qg%éﬁoﬁﬁaalg)fyqlgggﬂ%asur gﬁ%@sgfgé \?nt er est
are ChenFET sensafposnatigni aboatr ﬁulbas;aréssmet hén badaidlong asbeaead)fyithe ts@nahe
sensor causing a_ chan conductivity, i n ects, a.material
whose. el ectr| caneqanennelies dopreaBiEr Slobe ar-oufl BeCnERECHoRER T he
material, e.g., upptahmm naRaliyt en éntewIStot @ettmaa@remight@yed ar@riabblédd ohol
concentration m ned any nunb i ncl udi ng but not

det
o Cod ror Cmendbreld o kil Soudty are Tessest ua "4, AGeHg, Bormesud

optical spectrogresiue 86MR06Ss, veich ar{eQﬁé?r%ttéHheUﬂé eesign@recdiggei vers that
i nclude at |east an el ectrocardi ography (ECG sensor npdule. An ECG sensor

nodul e i s a BBt wiheneraiversniaydle) IRQudsRaREdeiegHe™ SgABOTS; f Faksi r ed,

addi tional 'y perdgmmOngetific MREmMI@ sBhEGESRAYBel iRoriBiaded thié e I
storing the data)(al|;rl1rc%S| re%t%realnlgmttllngst he d ata)rI 'Ie'le E%G data may bs‘é@érrpl oyed

by the receiver reefi(RSpile deieChilienRiesecedelf vasioenBoraiSs P @s,aleadl, lﬂi'#%ebut not
limted to: Rwayyp hea) N&PGP tlé%@ﬁﬁdé Wrﬁ‘chvlérabﬁ@dsétb{jmlthr dhé BisbQLL)r at e,

etc. Where the receiver inc e or nore phy oglc sensi ng
functionaliti es,eterfEendevofoetenssy ifduderibese ewifigdtecsiorsiteny theppigsenrce ¢fee  ar e

configured to OQJh@in'ﬂ:al analyte in a biological fluid sample, where analytes of interest
include, but are not limited to: blood sugar (glucose), cholesterol, bilirubin,
creatine, various metabolic enzymes, hemoglobin, heparin, hematocrit,
vitamin K or other clotting factors, uric acid, carcinoembryonic antigen or
other tumor antigens, various reproductive hormones such as those
associated with ovulation or pregnancy, drugs of abuse and/or metabolites
thereof; blood alcohol concentration, etc. In certain aspects, substances
or properties for which the receiver is configured to detect include lactate
(important for athletes), oxygen, pH, alcohol, tobacco metabolites, and
illegal drugs (important for both medical diagnosis and law enforcement).
Where the receiver includes an analyte detecting sensing element, this
sensing element can be configured in the receiver in a number of different
ways. For example, a sensor that includes a selectively permeable
membrane which is permeable to the agent one wants to detect may be
provided, where there is an isolated cell behind the membrane and the
agent passes through the membrane. Changes in the properties, such as
electrical properties, of the cell, are then measured. In certain aspecits, a
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and process data fromthese sensing functionalities. For exanple, where the
recei ver includes an ECG sensing functionality, the device may include an
appropri awe 20uwosilenal nodul e (for exanple in the form eCTarsegwansmsg) t hat
can handl e and process the raw data fromthese sensors. An exanple of a
physi ol ogi cal sensing nodule of interest is of an ECG sensing nodul e as
illustrated in FIG 5. [0140] Referring nowto FIG 5, an illustration of

an FOG sensi ng sl @suiofor el @881 sndtseelick ath keihibeRoaffosEommy ns

algorithmis shown. FIG represents one possible inplenentation of an
R-wave detecti orfmRleysd; taﬁfhel%@(t%ﬁ* Siragtry desme ihipeeasyrd: hise o éneiesh. As

) Lustrated 1 RhGoremie 65 s mbTa et IRESHNRS, G ApRhe Wik )

el ectrodes and bandpasses those ‘si 50 Hz
, before conver t&eﬁgortqws@g@manlg@ i thei @ﬂdactn@tb/grlfaperéam ABH?PQi%r&/@ﬁt%Iﬁl 502

The signal is thap.aelbodify rSEQHﬁEQféSF&%ﬁLer%ﬁ%@rgé% )08kl Qnﬂg%t\% ert

processor 504 for processin a signal” receive by t he
DSP 504 i sbandpasatefidl| edqy. ,eplro([e;nganalyae e Mo Hzareaemployedt. F8I6ed alcohol

differentiated l. ,

enphasi ze and e\a/c(tg ?érﬁﬁﬁ "(]5%) PI fy % %%\bvbﬁﬁéﬁﬁtl @%y%)’h'e&@gg (jzog'rtr%&ex

exi sts at bl ock libied tdlcrgansonssthahmalmemwceslamplesdﬁmhi dsypdrbgirdionpomical t hi n
each wi ndow. At i c bloc it is determined if the window width is,
for exanple, gr é&?gﬁfoﬁcﬂa'ﬁ sfﬁﬁ?ﬁ? ®®he peak and dip in the window is

determ ned, as shown by logic block 530. If the peak is greater than tw ce
t he dip, then[Q%@] R— wWihvderest aiguareiversitival iprliade allleastiee qlegiracerdiegsapy t han
tw ce the peak, MR | R-wave
is equal to the ratl géﬁsofhe geak%%rg%.d% %HSérocgglr"rgl 'ﬁ%pﬁé@léméﬂg%s shown
by 1 ogi ¢ bl ock SieﬁtlgLWh@rt@abtam ECChdatR- anavé d@mned tagdédioaaldy pérfarat angeak i s

sent o meMOry (g,g. o [hASMRSHShENR By Lal Gyl 0ck A0 QI so of

interest are acc?eroma (S am)d l e
whi ch i s confi gueahdnuttiobttae watec cEhe EQ@ teata Mday &eamiploydd lohe Hier deiver

S ol Y e B0 A o il PR ek BUP b BT e ey
be enpl oyed by twavel @eeaitvate, theatteratey aapilitpbessppdtioh fdier el Weerd ¢
I ncluding but nOtecell\llerFI |tngICLinég onceiaéramro?g%rhglsg%g%a} Isgr%nggjl arlw%lo%ghtiersre%ne
device may further include sensing modules that are configured to obtain
and process data from these sensing functionalities. For example, where
the receiver includes an ECG sensing functionality, the device may include
an appropriate functional module (for example in the form of programming)
that can handle and process the raw data from these sensors. An
example of a physiological sensing module of interest is of an ECG
sensing module as illustrated in FIG. 5.
[0140] Referring now to FIG. 5, an illustration of an ECG sensing module
which implements a modified Hamilton and Tompkins algorithm is shown.
FIG. 5 represents one possible implementation of an R-wave detection
algorithm, according to one aspect of the invention. As illustrated in FIG.
5, the ECG sensing modules receives signals via electrodes and
bandpasses those signals (e.g., 0.3 to 150 Hz) at filter 501, before
converting the signal to a digital signal at A/D converter 502. The signal is
then sent to microprocessor 503 and on to digital signal processor 504 for
processing. For example, the data signal received by the DSP 504 is
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activity, patient position and angle, activity type, such as wal ki ng,
sitting, resting (where this data nay be obtained with a 3-axis

accel erorw0enjojo7and t hen save the obtained data. O i nt eceatS2@mwmcs10s h

anal og accel eroneters and digital acceleroneters. An exanple of an

accel eroneter nodule of interest is shown in FIG 6. [0142] Referring now
to FIG 6, a functional block diagramof a 3-axis accel eroneter nodul e that

i's configured tgapRpadsfilfREd .?9%_51035%3ﬂ_&?b@ﬂ%ﬁ%o@%ﬁfeférﬁiﬁlédhéte@o&ifferent
axes, accordi ng one aspect 0 he invention, is shown. Each axis of the

accel eronet er i $1fr Be@i4HEr filergetat dacke oHe arerliaszasanchevantally iy 601) ,
standard devi at 'tﬁ’é‘M%mﬁﬁ%icﬁ}th@%éor?&t%%ex%'f%jafab'lbeli 8961 ]‘j’_logﬁgg'ﬂhérﬁs shown

at block 603). The nean Is reflective of the orientation o o

accel er onet er wiapplieckpdentify thegRawaveywithih epeawindow. shidpdiatpcidPSaitison and
aut ocorrel ation j ; ; I escri i Lt a

frequency of t hg%g)%g{éﬁr’g\/ag@hﬂéqn\ivlngﬁ@ \4”§rﬁ1 gkgjﬁrpeixghrbgaééﬁg%wéhgtﬁ?@ﬁ n1zaihsesoci at ed
frequency, and qeakehdtdipim thetwiedow sxdetermined rageshovo Qydofioroncktase- dbunt i ng,

the three axes I lLack.630 and filtere bl.o The
total accel erat ﬁ%%%gg? é%ﬁg%a?%rcﬁgﬁ,t%c% o@'ﬂ’ Ldenbﬁgc%@& 'Sﬁ@aﬁi"z‘%‘?‘r t he
total accel er at ippakmitkbs dighie gsgetéretmn dbigs thexgealk) sherdihefFRevent isoeguahtat | ons
of the receiver wWwth respect to the subject. ce the total acceleration is
computed the. ot sy GEGRGS ofe Trle i, SEk i el S RaHiG & e
shown at bl ock G@&burrihheisst. VRMisiBSsHwe Hyhrgict loeks b8%.deFdelchaer, e@mplvavest andar d
devi ation>0.1 and Autdo-co rel ati on >0. 25% to determ n? %her signi ficant,
cyclic notion eddillde,and fugHopEak|ip SRNGEOMERPEN (€-gs TERMNAS ANWINJSk 655,
if the threshol dsglc vRcKk83oare exceeded, the nunmber of steps is deternined
as the nunber of zero-crossings of the nmean corrected total accel eration.
[0143] In sontPlAdtei (8Os Of {THBICEE AR ACKRIPreRRIPL dROdPS n\VAT GiSRBIREQINeter

functional nodul g4 4 RIYIBRE which WESARNAI BRBIAIRcBEIBrMMIL! @ftatdnal are
configured to or acquire data related to the environnent of the receiver,

e.g., the envi r drRsiee addiiaimatly @ﬁréqrrrm@e_e flemoteef ﬁré@%ﬁ%thpﬁat%iﬁt@m%d to a
skin surface, etv&‘aaf., FRrirX HEPbiSta n%ﬂ?k? r&t’ﬂé{rﬂsrnﬂﬁiﬁg%é' d%é.'.”c*rh@r%kelgﬂﬂhiét@r may be
configured to obtain recCelver anbi ent tenperature data. The environnental
functi onal nodulreoduds Mgy ko ampyeddyt thedecaiyeti tagderive a number of different

metrics, including but not limited to: data regarding patient activity, mean
activity, patient position and angle, activity type, such as walking, sitting,
resting (where this data may be obtained with a 3-axis accelerometer); and
then save the obtained data. Of interest are both analog accelerometers
and digital accelerometers. An example of an accelerometer module of
interest is shown in FIG. 6.

[0142] Referring now to FIG. 6, a functional block diagram of a 3-axis
accelerometer module that is configured to obtain and process
accelerometer data from three different axes, according one aspect of the
invention, is shown. Each axis of the accelerometer is processed to
determine the mean {(as shown at block 601), standard deviation (as
shown at blocks 602), and auto-correlation (as shown at block 603). The
mean is reflective of the orientation of the accelerometer with respect to
gravity, whereas the standard deviation and autocorrelation are important
metrics describing the amplitude and frequency of the observed motion,
for example, peak correlation, associated frequency, and correlation
between axes. In order to perform step-counting, the three axes are
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el ectrode connection, e.g., by inpedance neasurenent. The environnental
functional nodule may be configured to determ ne battery voltage. The above
speci fi c wonretovoosasof the environmental functional nodulPeTarSeo0T®ssRY
illustrative and are not limting. [0144] A receiver nay be configured to
handl e received data in various ways. In sonme aspects, the receiver sinply
retransmts the data to an external device (e.g., using conventional RF
comuni cati on) . dompdest RSRESIF and NRere8 &R bRk &Bocﬁﬁﬁl%ﬁal taB@eIér%‘ﬁSh yed data
to determ ne whether to take sonme action such as operating an effector that
is under its corfopgructedtasyabewy 2 BIed| 4@ dheaush Bf éhaafiphfcealiaion tting a
control signal tQ,a1 1R %fﬁbﬁ‘{robB%g%%s%Hﬁ%Y\é}ﬁro?eht'étuéﬁseongMecé? ervath | 1 ke.

In still other aspects, e recelver stores the received ata

subsequent ret raa@ﬁctgpothet@Jtnectex@mﬁalhedmlc@c@*eramn L%@Omwumdoéf&m ng of
subsequent data QIR t Y ). The
recei vers may pesé%&%rrﬁ g%@%@n%@%@ F(;e?ﬁorqghsré anél}%%dao%he O\@pgt; a{jé:lgﬁs

usi ng recei ved ddba. [[0&g5] v&lne&earea|tlnerasqhmst‘rwldﬁt1er(f@rthmmalemst@dard; an | EM
signal receiver d 0, ment

i ncl udes at leaso{eb@ﬁgﬂ?ﬂ?abgzkctgxtt@glﬁrrélgﬁo?{ 6%% tiaa& e{?@rmq @hglth%F ﬁ'tf'lg‘Jf‘rﬁEr

(e.g., global umyditcemston atistepay sldwreaicthio¢ckEbbG dnien, sasahedmta_b boch@bbent |

mhere the identifjer e, the co osition or a, coded
e T on Cher oor 1t A6 el eS AT Rt RAET, 108 i Gl STRER e ffindy o

recei ver may f urdsheé numobudiczem@diassings &€ tedmead cmrr@ite@mt@facbéleraﬁuubj ect vvith
which the recejv i associ at ed, identifyi.n |nfornat|0n

o Cnot i CEBE. | Tnoe gacSierasitflergeiea oyl g & EvramneR b oc e,

the data of intquRbnaNAbUSIE. EYATRANRA CurTTEBSAITRERISSarel MoG@ES Biah arRSpect s,
the data of interest include cardiac tissue properties. In certain aspects,

the data of int &PBEQUIER P MIACHHIE SRiceraiated dp (MR CREERNIM TS reealRSr at ur e,

activity, respirayig édh@nmhtal 8bsditidrdl MpkidR e Vel el Ry coriMelitdiBiod vari ety
of different types of power sources which provide operating power to the

devi ce in sone rAkifngrfacgheicndtalexapyple; ke Qﬁwﬁtﬁ%wfﬁﬁik@ﬂﬂmﬁﬁwe\fﬁaw In
some instances, gh&qpf édb{d)%térﬁyrédéﬁ}e‘l‘dﬁm% feegﬁérat\éwrha%esefﬁe the

battery may be a oneti use battery or rec arg ttery. For
rechar geabl e batetnwti)ra;*gentahe‘ub@nqn@kymodule may be configured to determine
electrode connection, e.g., by impedance measurement. The

environmental functional module may be configured to determine battery
voltage. The above specific functions of the environmental functional
module are merely illustrative and are not limiting.

[0144] A receiver may be configured to handle received data in various
ways. In some aspects, the receiver simply retransmits the data to an
external device (e.g., using conventional RF communication). In other
aspects, the receiver processes the received data to determine whether to
take some action such as operating an effector that is under its control,
activating a visible or audible alarm, transmitting a control signal to an
effector located elsewhere in the body, or the like. In still other aspects,
the receiver stores the received data for subsequent retransmission to an
external device or for use in processing of subsequent data (e.g., detecting
a change in some parameter over time). The receivers may perform any
combination of these and/or other operations using received data.

[0145] In certain aspects where the receiver is an IEM signal receiver, the
data that are recorded on the data storage element includes at least one
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may be recharged using any convenient protocol. O interest is a protocol
that results in nmulti-tasking of elenents of the receiver. For exanple,
recei ver swof2otomgsilavent i on may i ncl ude one or nore el ecPCoAdS2000065108 ar e
used for a variety of functions, such as receiving conductively transmtted
signals, sensing physiological data, etc. The one or nore el ectrodes, when
present, may al so be enpl oyed as power receivers which nmay be enpl oyed for

recharging the rgcihabgspbl einfaidh, Eénd%nQdentﬁ%r Apt fb‘ﬁfba‘ﬂ@ﬁﬁbb%ﬂal‘ fb.J he
Ml ti - Pur pose Connection Mdul e section bel ow. ternativel t he power

bl ock may be corﬁfl%j’ﬁhéﬁ'\/{ 8dmErEpiag @ PPN WIRse the. 'ant'f'%@raé‘ khé&ower
bl ock conpri ses c%nﬁn%ril eI Qﬂ tﬁé'&o §ﬁ|6n RPYEEodR \Péi'ﬁoHQNér%Sf "‘"‘Fﬁ@ d%[h

appropriate magnetic I's applired to the recelver.
i nstances, the desdrded eayhe ﬂ@tma@r@eb@amepbqu@dep@wmavMmersmimd%s t hat

descri bed in U”'rﬁ&‘cﬂca?'t L6/ MRbMtdhP Bl tﬁ@?@&cf%i&@lwm tfr% %@? %8% the

di scl osure of wh ereln i ncor porate ef erence
recei ver may i naseogatedpegeridsniifyhy infodtionnsicthas but natl lsnitedeto: oameai n

states are assu g 9¥%Hb%6?§c%'r& ete. 1@%%@“ IF ggég an\Q gﬁf@‘@%?e‘?e{ly él&oeei poer

usage. For exanp wWer™ sSuppl y cycle for
data coll ection m.mmjgtnmmld mmsorfent@rys dn wtalreraspa@tsj the dataoof aitbest event s,

where th | d. gy b i
ML pl o1 ackor S0 CBRIoSUe THOHRo TC ST Ss0eP ol Redpa 2 guehE

recei ver to obt ahdlugeat pl%!SEUI@Ct(brVI vourfiat anddsareneaspl enpyraoreac aelietyomet er
nodul e) when the patient is noving around and not when the patient is at
rest. In other 483U@HAN r{tRePthfter management modul e may have the receiver

col l ect ECG dggtaepnl Re@éwé‘ﬂs%% incRIdeeX daAdt ¢ obdiffERinh §/pas roe@bwbr %r@é@ck in
the receiver to collect ECG on in a predetermned tinme ran ., from

9PM to 7AM 48] WChspravieg %‘fﬁ’ltlf’@rPOW%éo e devied INnsne BaRBa: | Lﬁ‘@%\tuf% have

various states- &;ghe pdRer bk ﬁfoaﬁl% by O89. Qh sBRIEnRGhEE 115d BEWSr Mbéih t he
i nternmedi ary nodul e cyclin gh powér functional block between active

and i nactive st dp@sing dﬁ@eg@éﬁrVoW@%{tﬁr%QQ‘i el DRRIKIMBY be aRnelimenugRidi t i on,
other receiver g rsa Bha a%)@&?%r?n FRR foPhlgdiuld ?Qté?'?eg]cﬁ%edgtteﬁl ates of

t he receiver by a power supp The power” supply
may be recharged using any convenient protocol. Of interest is a protocol

that results in multi-tasking of elements of the receiver. For example,
receivers of the invention may include one or more electrodes which are
used for a variety of functions, such as receiving conductively transmitted
signals, sensing physiological data, etc. The one or more electrodes,
when present, may also be employed as power receivers which may be
employed for recharging the rechargeable battery, e.g., as further
described in the Multi-Purpose Connection Module section below.
Alternatively, the power block may be configured to receive a power
signal, e.g., where the power block comprises a coil which can impart
power to the device when an appropriate magnetic field is applied to the
receiver. In yet other instances, the device may include a body-powered
power block, such as that described in United States Patent Application
Serial No. 11/385,986, the disclosure of which is herein incorporated by
reference.

[0147] The receiver may include a power supply module which controls
when certain states are assumed by the device, e.g., in order to minimize

device power usage. For example, the power supply module may
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nodul e may be configured to control the power supply to various circuit

bl ocks within the nmedical device-e.g., circuit blocks relating to power
supply t owvprowaysass, circuit bl ocks relating to vari ousCparse@asssabs
conponents (e.g., wreless conmuni cation nodule, etc.) and their power
supplies, etc. Therefore, during each state of the receiver, the power
supply to various conponents of the receiver may be i ndependently cycled on

and of f as needgglpletherft Bl RNECRINRIr Rtd EQIRRGY bhsdtton BRERIEAGNS patlehpm t he
cycling of the hi ght power functional block between active and inactive
dlYe

states as di scu$$ &F PINeF pyemts, Wearipe dmplemesinedutn SyelAceay be daesdier s may
be configured tgbg sf?érg?%éto %r?ﬁﬁ‘ﬁ%ti@réff%tro?s d!ljdcreé%ﬂ%plécriwbvﬁoﬁéraé@p%l where a

different task or set tasks is performed in each di'fferent active state.
The receivers ofmeduleMmaytcang§ theeresoiver pueiaintpatiget aalivity datal (W exagwia

det ecti on protoggl t.J | Ve Lpl ogi cal
data detection %&o%%\gg%léjg@%%gr%g@r@ \Elhé@hseggétkeé?észﬁnlﬁ&ﬁgg?therq BIF%%'P ﬁese
types of receiverten ther patient ¢d@paasint & ofher aspeelseitivee poway nanagacependent | y

cycled on and ofrﬁ?@ﬁ%@%g;ﬂafv?ﬂgé g?C%ﬁ%;t%éI?eﬁﬁ%\ggg ngtfafén?i ?P@égt]( @%&(gwpbeet ween

i ndependently fro rfuncti
active and i nactbyvaesiag ad esalatimai sloak sedtheardcewe) .t Odolig¢t ERES mmerin suppl y
nodul e may conpri

se .one or.nore individual upplies to activate and
deacti vate powerP SIRETYTHIPRAES S9 IR BB S, For example, In one
aSpec;, t he pmﬁe]supplslyat@aobdrleernlaw @@Wé}' seayabdlicghfigueee to mﬁwﬁaﬂbm
i nput/ out put power supply to sup i nput / out put power to the high power
processi ng bl ocl?,latﬁ?l_cf,e'ga’ rﬁnghélﬁogge p‘?ro@ggsPﬁgmefé)eacﬁ'éﬂ@\e?taﬁ?ﬁwtb trﬂbépsuppl y
core power to theefhahaiyonwRdulr e¢saingi the RigAClowdUfiridasm@r Block NRpPEE!
supply nodul e may conprise a wirel ess conmuni cation input/output power

suppl y to suppl Vclivpand dnachive stk rstneedae i paghedesicgmegaiveatidith Hbdul e;

and, a wirel ess LERBHNbHES fRBivEPERNTRPYEMaF BBRY el DnSaHIRMY dGifeaifeeRt to the
Wi rel ess comuni cation nodule. [0150] 1t Shoul'd be understood that a single

pover supply nmytaies @eifiet Bopiveliyeaprmker seoRkIMegle EBepRAVEit SUPPBOr

o ey o poc R AR B Y {ARIP St SUFL B! |

one aspect, the blocks within the medical device—e.g., circuit blocks relating to power
supply to processors, circuit blocks relating to various peripheral
components (e.g., wireless communication module, etc.) and their power
supplies, etc. Therefore, during each state of the receiver, the power
supply to various components of the receiver may be independently cycled
on and off as needed to achieve power efficiency (and independently from
the cycling of the high power functional block between active and inactive
states as discussed earlier). For example, in some instances, receivers
may be configured to be present in two or more different active states,
where a different task or set of tasks is performed in each different active
state. The receivers of interest may be configured to perform an |IEM
signal detection protocol when present in a first active state and a
physiological data detection protocol when present in a second active
state. In these types of receivers, various components of the receiver may
be independently cycled on and off as required to achieve power efficiency
(and independently from the cycling of the high power functional block
between active and inactive states as discussed earlier).
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power supply nodul e receives control signals froma | ow power processing

bl ock (for exanple, the m croprocessor) which determ nes which power

suppl i es wopeotun7sd on/ of f. [0151] Referring now to Fl GPCZAIS2@090681C811 t

di agram of part of the receiver's circuitry in accordance with the teaching
of the present invention is provided. The circuitry 2600 is responsible for
controlling the power supply to various conponents of the receiver. FIG 26

| connect od Jo1ds) . 1A et Bl Hioelc WS BT ooy Agkitl 0ur oS

and works in conjunction wt art of the Circuit in FIG 24 to control the
power supplies. PR IsUpBlEsaOeaflivAleRAN deqrtivaieapwelt BPPY6IP hepe Varewh

el ectrical |y coughflnb@sSWid:GlaghR0 iehe asbecielRabedGuohAUBYEtp

vol tage references 2630 and 2640. Translator 261 0 t ata ‘si gnal
VC ENA on its AOCOUWrise &ihighaPoWer PICBRSNG inAUtOUP UL pOWeSisyRaly WCEIMRN BAT i s

connected to th I f - . 9
(illustrated i n?@;ﬁ@ﬁ%ﬁ&%{ B\b\ﬂ?%ﬁ) t?%%%y%@é@?r%?%ss\?@ P%é% %@ﬁﬂ%?é\%&

Ther ef ore, dat a Edgasaing\@Te ENVEBATSUPRlY tnabp@y dosalpbwet he thewigh sappt y f or
vari ous conpone . ece| of,. | r . 241 57,
and 241 59”& ovirbtorléce%%'vr\]é:ﬁ?cg(' f‘ﬁ]é%%gﬁo'geoghee, B%QE%myrrﬁges@?@%n%?ﬁ? rggta} on

I/ Gs, and wi r el efielessncaminaaitaiion mpuzoutpespaedn suedply tol by ampeiy/oeimah

fth t b d of f d. ith di |
enabl of di sabl e dSVET siYndlc (VEBSEN 9FTuAeR  cUedls; 7B, & oYedpss

Recei vers may i nehimigmicationl ddre poweeSeippgnioesipply sodup@verAonikt wipslegpose
connector nodule includes |iving subject contacts, such as el ectrodes, as
descri bed her ei FOPUPYUCHENEPOMEt 0 hereinafter as "multi purpose

connectors"), [Gi5d] Mayt dheuldssuhddrsieed it L£sihgleRivgr Rapell rayeveEes fir ce of
t he device, reprogranm ng of a control function of the device and/or data

retrieval from tFRVIGRAMEr wnmyltiglneogaPBRNISN Far PYABBIR: Pagindieo Power
confi gurations taplyime) BRI FERAIANS FoWRRES bBih herhiGREBWEN plobshg

functions, such as distinct patient connectors, power connectors and device
configuration coiffécard 40 e MEleRes@MeNCatiodtmMoGite.ude PR EEPRRIr P e

Cornes s ELESGRRP GOk, VAR SERINGAY BOIIToR VA
devi ce, such as pecessing block (for example, the microprocessor) which determines
which power supplies are turned on/off.

[0151] Referring now to FIG. 26, a circuit diagram of part of the receiver’s
circuitry in accordance with the teaching of the present invention is
provided. The circuitry 2600 is responsible for controlling the power
supply to various components of the receiver. FIG. 26 is connected to
FIG. 24 at signal line “VCC_EN_BAT” shown in both figures, and works in
conjunction with part of the circuit in FIG. 24 to control the power supplies.
As illustrated in FIG. 26, translator 2610 is shown electrically coupled to
switch 2620 which is electrically coupled to voltage references 2630 and
2640. Translator 2610 translates data signal VC_ENA on its A bus to
signal VC_EN_BAT on its B bus. Signal VCC_EN_BAT is connected to
the enable pins of regulators 24155, 24157, and 24159 (illustrated in FIG.
24) which supply power to various components. Therefore, data signal
VCC_EN_BAT may enable/disable the power supply for various
components of the receiver. For instance, regulator 24155, 24157, and
24159 provide power to the DSP core, DSP & wireless communication
I/Os, and wireless communication core, respectively. Therefore, each of
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external programm ng device and an external charger device. The connection
may be used to facilitate comrunication of signals, e.g., electrical

si gnal s, woOgbteal7sgsgnal s, optical signals, conbi nati onsPofi/usarm0o6s28 ypes of
signals, etc. The term "variabl e connection”, as used herein, refers to the
capability of the multi-purpose connector to receive a connecting conmponent
associated with one of a living subject, such as a patient, and the second

external devi ce (e LBmbBREAE GANBECHWEBER RN ohhﬁltﬁp@(ﬂoh'eé‘xpmbec'“ ng
corrponent e.g., a connect | ng corrponent associated with a patl ent or a

connect i ng corrp&'?éﬁle/ch%@!ﬁﬁ&tﬁé@w {YCe HeNsBELRM siteétnaf0@evi ce. The
recei ver {urt iefsa) nC HiEHorUidyPl@1IddnS! [RABhuBLOS kbrhBoBPThblipST nal S

associ ated wi a communi cation of sig e connection. In various
aspects, the sedoultiPwResa n@mnamnra@dld@mmlu%h\amg gxbjeetneantantd gsusindng

devi ce and the %‘?&?ﬂ&ge% “Q&tde‘%@ﬁée[obh%ﬁ% ﬁ&l%ﬂ’e?e%dato lEJFer rﬁ?Jb efrasf “rﬂ@ﬁie onal

bl ock to control signal’s associ a comruni cat 1 on
ext er nal progr amupagedavinedoesid ant enaycosusast for pheodic Mha@m oka power

connected to th Leghn r i.C [ p
connector, the goﬁér néif %Sr%ég\'?%ﬁ?hgwoa%g\?ﬁég g X @{rtgjs ﬁ&i Bpgberg%\ﬁ;%etl cally
control t he r ecendérr. dattan rexaevabmmnaﬁmede\sce t Ffblsscmr:mgulraeam é3 matordeagt te

h d th ' I k
Compr | S5 a powsP PGB Bndieto I BHES: & EBRYAR SORANS’ 06 Hod: 8 hFth

comuni cati on betungiens,t becrexsetz@hcic baticrer catdetions, apslvérh eorsetdry ednd Wien
the receiver is connecth to the external charger via the nulti-purpose

connector, the SBVIEPERNTIAHIIYLEONNEGIOB: used to charge the receiver. In

various aspect(ﬁ,53] he Reesioad fivactihanid MLBIGUrsEIEPrdopRBctar PRAbtges are
interactive functional block. When the receiver is connected to the patient

or to a patient -PeRRIE&] VaHePle £OPNRLORLENIERN 2 aiosbietl SHEt 88 R, PAIRRL devi ce

may be used to idgit SdiRGl-rRbY GANRBINASRLE sy %Q%rrpéitd&fﬁe Ofuch as an
patient-rel ated device. For exanple, the receiver e configured with

el ectrodes to staxifingt Bragrargenitge dexicroard pait @‘Fﬁtm@aﬁéﬁ‘ﬁ?érd&V&@d pHsi cal |y
attached to the pahi4R fﬁ@' éetdaEda fé(tﬁlrthfé“%o%\"!rﬂﬁda‘ﬂ@ﬁ' ofgglghéls &d;

del i ver a pacing stinu at| he patient; recelve physiolfogic
i nformation fr orﬁledhr@aﬂ)zstgnerst ,dlgx,-llab sighals5 apticah signais, aopwinaionsiof vereus one of

the miltiple furf%é-sogfagig%@?lé?b.i The term “variable connection”, as used herein,

refers to the capability of the multi-purpose connector to receive a
connecting component associated with one of a living subject, such as a
patient, and the second external device and to form a connection based on
the specific connecting component, e.g., a connecting component
associated with a patient or a connecting component associated with the
second external device. The receiver further includes multiple functional
blocks to control signals associated with a communication of signals via
the connection. In various aspects, the second external device comprises
an external programming device and the second functional block
comprises a controller functional block to control signals associated with a
communication between the external programming device and the
receiver. When the receiver is connected to the external programming
device via the multi-purpose connector, the external programming device
may be used to programmatically control the receiver. In various aspects,
the second external device comprises an external charger device and the
second functional block comprises a power functional block to control
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configured as a signal director. The signal director nmay be any conponent,
subconponent, or conbi nation thereof capable of carrying out the described
functi onawOt2910/d78116ne exanpl e, the receiver is physical lPgTass@oioatiesl Wt h,
e.g., configured to include, the signal director. Such a configuration may
conprise one or nore circuits, etc. In another exanple, the signal director
is physically distinct fromthe receiver. Such a configuration may conprise
a router or ot hejgel wesdeidsy Vi ﬁadbﬁtli’rhﬁnl%tdna@étlwebﬁtth@ge%t&ﬁalsb br
functionality descrl bed herein. The si g{ director ri se a control
el enment conf i gurdsdiceAnEotRerrereivergn@ihen tae gecel\ﬁﬁrgércpﬁm%%tq ertgmal s. In
vari ous aspects, I fafasel: pé{aE re and
circuitry. [0155CfIra éﬁ%%%g}lﬂ EF%% |Bscr |t(?rrlsﬁ%t(%t(t)enrh§ éeﬁ?ggés%);%ég%éd\’/":“ ous
criteria, e.g., th#hﬁFﬂj?ethef Fre@qi\!@hcyn VAHAUF RSRRE. ribe sepe@@rfmtanalcblee}m rol,

cto. Control el eppliocont b heRRE! GRaRAEPHICRY! Yind OneraBREPic 2,

control el enent I'm na ase on vo e may be inple

one or nore di ocbesne(zted Herlﬂmespairent eircto A paﬂr&mmélawldede\me tvimtthelimdltii M nat es
based on freque h Iovvpass
filter. A cont r o%?ne% dw g%%%%%arﬁ%yaﬁe dﬁ%&égﬂﬁ‘?rgﬁ \éetlnﬁﬁ?r%hﬁ%ﬁf%

be i npl enent ed amthamembogorsmttemhrelatedeieanpe aFandxanplies Xbe readiver nVa,rl ous
ot her inplementations. my be based on v i araneters such a ht ,
Cenperatur ot . SBvdE SR ASSihoRe sl RIS Shrapte ya Rl Satbhhect or s
are connector ekﬁl’@ﬁét@rd &t m&sucaoylfat@tm@cﬂ tbthr@a/tlede 16 davitiatd aaribys a

pati ent and one .or nore s cond %@hernal devi ces, s an external

progr anni ng devidetioga gog %r?ﬁf ‘é?rrg%lpaa@gl%'@m%'ton tﬁ E%@“ﬁaﬁ reCRIE

processor. Accorghysiglogic ihfoemafidrieémree phtidifeeteul ti - pur pose connector is
such that it can provide connection of the receiver to a patient, either

directly or tH1®3h HhePmeraspegiseat (east @88 tB@d“WBP'SV\f/)Jn%IlﬂH‘a{ gloskdither

devi ce. Accordi nghigurbf€as €£CsYRAl GREctBE CaRBesiARE eBoPahhfNbe Vhdy t he
mul ti - purpose connect or at a first tinme and to anot her device via the sane

mul ti - pur pose cEOAWONBRL 8¥OGPNNANSAH Of Cambingiien iherepfrereakiatof CAGYING 9Lt i r st
time, such that hociesaedidlioRihposs FRIBREHAE, i SERIRYEY dskannect the

receiver to different entities at different tines.
mul ti - purpose c@saedaled witty &e., gopidpured to include, the signal director. Such a

configuration may comprise one or more circuits, etc. In another example,
the signal director is physically distinct from the receiver. Such a
configuration may comprise a router or other network device capable of
facilitating the signal functionality described herein. The signal director
may comprise a control element configured to control signals, e.g.,
discriminate the signals. In various aspects, the signal director comprises
at least one of software and circuitry.

[0155]  Signal control or discrimination may be based on various criteria,
e.g., voltage, frequency, manual control, programmatic control, etc.
Control element configuration varies accordingly. For example, a control
element that discriminates based on voltage may be implemented as one
or more diodes, a thermistor, etc. A control element that discriminates
based on frequency may be implemented as a high-pass filter or as a low-
pass filter. A control element providing manual and/or programmatic
control may be implemented as an analog swiich, a relay, a multiplexor,
etc. Various other implementations may be based on various parameters
such as light, temperature, time, etc.
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connect, at different tinmes, one or nore of the physical inplenentations of
functional blocks of the device to the patient and to at | east one or nore
addi ti onawoexrtoar7sls devi ces, such as an external chargePCTAS2@006812%
progranmm ng device, or an external data processor. [0157] The structure of
the nulti-purpose connector may vary as desired, where connector structures
of interest include, but are not limted to: |IS-1 connectors, Association

for the Advangement ak W’ééi&lj hpsJe, UﬁﬁjﬂF@L‘ier& E&(ﬁﬁfe&fb‘?@“ﬂﬂeogfoﬁﬁ&tGr(AAM
ECG cord connectors, and nedical grade shrouded nulti-pin connectors. In

some i nst ances, Gle{BENRS i @D EONTLITHISPIOKIEE SONARHIENdP ARatisaEANd QIRAM as t wo
to ten electrod ore'é?e‘ébHG“eQ%rr‘ieﬂro%%lc%Eeéiicrhozgseén%rxtérHMLprS r%ﬁ’fnmﬂ Rvick0158]

Where desired, the nmulti-purpose connect or be co ured To connect
directly with a emaext@rrmal @lﬂaFQEhéeVl@%t@rMIeX@éfw sigta prasessdtat Aeeordinglyt i onal

connector devi g, é%trﬁ@tﬂH&l Bhd hu- gﬁft'pgge Cc%@ﬂ?ﬁ&? %n§l en ‘?r?t E%}ﬁgrowde[ or nal

mul ti - pur pose connector the recerver
device. Ater natmmeéc;ﬂontdfdheuéd:ewqrdom)setlm,nelm(ﬂlrenﬁwobthrolmgﬁ agtntheld to

connect to the r t

di stinct conneclt%%&fcg {/ ées%trB 8@ %ﬁ% tg ¢°q§%rr Hé\ﬂ#‘% @2‘?@&1 y di stinct
el ectrical conneetaverroay bmn@nrrenmdtterarpatmm o menﬁulgwumbstacndnnecuonab t he
rmltl-purpose connect or r .term.pation con ured to perform a
Spect f1c hur posd MSLRe 20806 ARBGer Fgvte VA A Erdf PO A ca Refthal ceo
such as a batt ergysethad gafe bt ixifesraa fram a9y femiimg, slevitha: thé saseanlid- benot ed
t hat where a receiver connects to @é&@ti ent v i nct,. connector, such

as wire, the deNUERPSLLOBPLFIPT SHER E?%P’\“@E‘Ie‘%é?ce'Y%lgglffelr?{“reé‘EE‘r‘%/ers of

the invention, tdﬂ@jlff@#éritltmﬁég PISEs AN IHRCMAN- pLFpGREE G B YnB o 8sé®eb (such
as electrical I y connected ptically connected, etc.) to nultiple

functional bl ocl8N(¢@r atede%%rsnbt'm% ¥e rdpee Qfﬁfﬁ%ghbﬁ‘cwgemﬁﬁtﬂt'oﬁ Ofror e,

five or more, sqyedtioRhl BIBEK of BB ficBDbaNé %ﬁéht% tobét%léﬁ)oneeorgmoré‘s
descri bed el sewhere in the present application. [O In addition to being

configured to casdiienalaepainatrievioehe skl tas aﬁu@ﬁ@@’@' ArasEt 8N sedeMaht er est
may be configur ?ogﬁrﬁnﬁﬂﬂ%@&%cé he aneegﬁ?érﬁﬁrdarté’PFbg@%oreXt ernal devices,
imte na

i ncl udi ng but not to exter arge evi ces, external programm ng
devi ces, dat a[@#58tesdhagtrdeire ekthe multi-purpose connector may vary as desired,

where connector structures of interest include, but are not limited to: 1S-1
connectors, Association for the Advancement of Medical Instrumentation
Electrocardiographic (AAMI ECG) cord connectors, and medical grade
shrouded multi-pin connectors. In some instances, the connector includes
one or more electrodes, such as two to ten electrodes, including three
electrodes or four electrodes.

[0158] Where desired, the multi-purpose connector may be configured to
connect directly with a patient or other external device, such that no
additional connector device is required to provide connection between the
multi-purpose connector of the receiver and the patient or other external
device. Alternatively, the multi-purpose connector may be configured to
connect to the patient or other external device through a physically distinct
connector device, such as a cable or cord. The physically distinct
electrical connector may have one termination configured to fit into the
multi-purpose connector, and another termination configured to perform a
specific purpose, such as connecting to a patient or an external device,
such as a battery charger or external programming device. It should be
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nodens, keyboards, displays, and/or external storage devices, etc. By using
the sanme connector to connect the receiver to the patient and to other

devi ces, wonnwat7san of the patient to the receiver whil eCrhis2emassiag devi ce
is connected to another device, such as a charger, is avoided. This
configuration enhances patient safety, because it elimnates the
possibility that a signal fromthe other external device, such as the power

charger, programs&pindevher a dedah PcBRREE 0 aSlatient Wh lal gifithct Eamsdcsir ed to
the patient, potentially harmng the patient. Using a single connector for

mul tiple functi G4SN &P YW enteetPVige: &St SBTSIdRCGR redRlvalevi ce easi er because
there are fe‘r"T@w@Een'ld“%céWer%h%f hl?HSirﬂ/%nf?S LR %Mti-fb%woﬁ@lééﬂme% iecel ver
y I |y tione h

of interest clude a router functiona posi | between the

mul ti - purpose cEPRERiively cenaeeae (Iuchrasreleaficallyeonneetepl apticalhceansealiedbl ocks
of the device. v iunct WL - t si gnal ,
such as an i nco%Y?i)g{os@gh‘g%ﬁﬁhé&kloa%?ﬁg&??gﬁg?g%ﬂ@@P%J|O}r @8 I,gﬁrtgle ds”'liehg?lrgl , Wl
after passing tHowuygtmoiee fiveilot maoperrgeyse o omerectenrqr maesfuneiramagblotksy, r out er

before entering °€-§§$’§%¥3iﬁgﬂé|stewe?e imﬂg%e%%glsﬁnﬁgﬁ._ The router may be

configured to sl oW si'ghal's rough to certain

functi onal bl {&168] depreradditignoio beiag oconfiguedpar aoetent sa patiente xbaphelfi- t he
router may be configured to di sfc.ri m qate E)he sg’.qqﬁal based g& vol taﬁe, e.g.,
al | owi ng only vcﬂuf%(%g BBFEBT ORILHF A" Ve PE APATIHTLLhEPYCHNERYVA” a
certain band) taopase ekemayhievicesaimeneihg Buignot dmitesMio gexddrhyl shgget s above
or bel ow a thre?ﬁ)ll d f:]%%uency %or within a certain er%Jency and) to pass
t hrough; or operP&{ChRgy gnaly” iy ooraREge HiEVIRERg Ad8e, PracRSsINgr AHRYRCSsi on
node, patient i nhedened,iRegboRES, displays,| AndBeMBxibiRl 8ittege dbliess dtay Be a

router functionally Posi ti oned between the nulti-purpose connector and only
sone of the nul tYSPI%etEusATE SRANCEHPIOIKSONNSST HighERColNSF dQ the maHNtnaRf Bx one or

more functional JphQadevideBatofeRtitPbr BRPFAIRINEE tHeOFBCEREr WHlId knd HcaRSP
connector by a router. [0162] In sone instances, the router nay be

configured to didS¥iCEns ARANECIJAANSNEA SEUCOIBUCHESIMERAIGE C ISaaVadesr iTdVS cs of

be a rel ati vel y o el v ouirEss PELER seford BeaL s TR e s BB o

| ess, or 50 nVv dhatl @signalSirain tael atheraexdeérgabtevieassucb s thenpawes dhadgermay be

of relatively Icb\f’bgramming device, data processor, etc., will be transferred to the
patient, potentially harming the patient. Using a single connector for
multiple functions also makes waterproofing of the device easier because
there are fewer openings on the housing of the device.

[0161] The receiver of interest may include a router functionally positioned
between the multi-purpose connector and one or more of the multiple
functional blocks of the device. By “functionally positioned between” is
meant that a signal, such as an incoming signal, outgoing signal, or
bidirectional signal, will, after passing through the multi-purpose connector,
pass through the router before entering one of the multiple functional
blocks. The router may be configured to selectively allow signals to pass
through to certain functional blocks depending on one or more parameters.
For example, the router may be configured to discriminate the signal
based on voltage, e.g., allowing only voltage above or below a certain
threshold (or within a certain band) to pass through; frequency, e.g.,
allowing only signals above or below a threshold frequency (or within a

certain frequency band) to pass through; or operating mode, e.g., power-
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frequency, for exanple 20 kHz or less, such as 5 kHz or less, or 1 kHz or

| ess. In conparison, a typical power signal used to recharge the internal
battery oVoaotéwsne such as the external mnedical devi cePomyush@omesies ati vely
hi gher voltage, such as 1 V or nore, 2 Vor nore, or 5 V or nore. A typical
signal used for data transm ssion nmay have a rel atively higher frequency
than a body-neasured signal, for exanple 100 kHz or nore, such as 1 WVHz or

more, or 10 MHz pardiy oddhdsta tinsAiissidmn@Bbe hai@nbasadcta hb&suadcy, and
vol tage, the router can selectively route a signal to the appropriate

functional bl ocleoBIe IBFIGERES, INCTE GRAYERE AEGuiar BEETRal PesiigredhYwarn s ed on
any characteri Strhﬁti-?ﬁ%ﬂ%@ SnHB&br ahﬁ‘b'nwdé&ﬁe R bnd Rultl gidritoh & B’((ﬁék%.age’
e conbi e two. er t

frequency, and t nation of t In other r1nstances, e router
can route the ine®haigvigntiereoasydooane 19e nogrerfanctioganbleeksothat inee devi ce,

whi ch may be SEtsleE¥ra?éc{1ﬁ<5m9f15 -ItF-ﬁMrgo?%ﬁéﬂe%%gﬁ’a Bltdpy @ manual switch or

command. [0163] certaln 1nstance I's configured to route a
certain type 162] gné&l sbmeainpancées uharrofitenonay el chifigutedwto Hisciimmiate | ng t he

deqired to make GRSl SRR D R B Rrathio e ' °
patient, it can deeicenposigaatméeasursbiramethe ivedy ovayi bpedelatelpfowt hatagewer
Functi onal bl ocROaRR e SP0TTY- pio b sl BV SR Snpd T pbiEsE e gnal
above a certain Simllakgea talgrpdsaedduredigiom hesbodyhmayebatofveliativeymonol t age
power f unct 1 onal. TEUERS: S e 20 FEi o Poe U Py 8 A3t Panal ToRGOR w11 be
abl e to properl yedseamudnddtgoh) 8maical [POWeAEigHaMBsery to fieBhS@BRhé NabmAces, it
may not be inportant to isolate a particular block fromthe other

functional bl oclStRER] § gevice $Hoh asdha §xigsed) medical dewice mavske relaitehbhces t he

router may not hegHeRNoltayd eslichOadlit SE RNREe, ONG R mBRY, dr BAV bICHIoRE. A
functional blocks fromthe signal. That 1s, in these instances, the

i nconi ng si gnal WRiFdl HoN@y4segas dasa drgnamissian arayf hava ifofRitivelyobidheHowever
Sl gnal s, _such ad e MR ol A B0, e oA dere:
suf f er har m whersuek@ss&dtla astmere, SirghitaMiz Thimoreel Baus, Vay distinguishing
based on frequency and voltage, the router can selectively route a signal
to the appropriate functional block or blocks. A router may discriminate
the signal based on any characteristic of the signal, including but not
limited to voltage, frequency, and the combination of the two. In other
instances, the router can route the incoming signal based on the operating
mode of the device, which may be set by other circuitry, by software, or by
a manual switch or command.
[0163] In certain instances, the router is configured to route a certain type
of signal to a particular functional block while isolating the signal from one
or more other functional blocks. For example, if it is desired to make a
high impedance measurement of the signal from the patient, it can be
important to isolate the low impedance of the power functional block. In
this case, a router can be placed between the power functional block and
the multi-purpose connector which only allows a signal above a certain
voltage to pass through. Thus, the relatively low voltage of a signal
measured from the patient's body will be isolated from the power
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responsi veness may effectively act as a routing neans. [0165] The router,
as used here, may itself be nmade up of nultiple functional routing bl ocks,
each one wonetwwosabl y positioned between one or nore of PChAISA@9i06s28
functional bl ocks and the nulti-purpose connector. In this way, the

i ndi vi dual router blocks may discrimnate the signal based on different
paraneters, allowing a different class of signal to reach the respective

devi ce functionalndiboRgkSocK, @h8%he pBfertOMtbRICtPEYUNCESRE RNl Detdbid B
appropriate circui tre)// either inherently, actively, or by a conbination of

i nherent and actArRErbdBeRAURIEY Sighdlsone instances, the routers nay
di scrim nate Ld(;l‘séﬂ nc%dégeﬁ'iﬂ%%heb%%ﬂlcﬁd}’g{ b p-bézﬁﬁp&i‘a%'fr% fsoldte LUt €r

functionally i oned between the nulti ose connector and one or
nmore of the fundertogr bicksdkam g okl Buactiena) bipcks yien itisdé baingatsedi n

vol t age threshol p r t i : :

i nstances this n%yéL%Q’ @?@gﬁﬁn?ﬁggﬁéﬁgrrg%r?g{agmggT&%M]&Jsro(?r??ﬁé ar%ggg, t he
di odes nmay be aronemyedoraspauticudat fuhctenal elogks framihe fsignalv e Thaids | hitbese

full -wave rectifj hr,ee. . ectifie t I t her . i.ns t he
router may all 0\/'\511 sgérl'ucyetsafhgel @%Q&ﬁﬁe%@\ﬁv&a\we%l\{v%fsng?%sr @s%#ﬁﬁcvdcl) tfablgée}%t%gl pass

t hrough to the ddebcitddveslerunconenedseb) ihekianctjodabBlbck magtdméyr raspshditices, t he
router may route signals based an frequency. . For exi\qpl e, a router
functional |y poePBrasHa! REEAS: AT &iemngBel Teghredt 8 ValReeone or
more of the funcindowidl ndilsuefss hemy vednovkpzey t8 @h@naign@abOoVEnia serctivd N
frequency to pass through to t\gﬁ assPci ated functional blocks. In other

i nstances, the rBIRBFVREFSSIMAHGBHIVG!YARLPHALPUHY VGRS certain frequency,
within a cert po1es{ r equen@yitddang, udsd®Hese da9f itselC @t Aabef g dsreAeMipRANd t o
pass through. A router that discrimnates based on frequency may contain a
filter, such as fanqt@mﬁlda%nq blogls. eagh I‘Pf‘@ﬁurﬂf&@@a'fyi H)Qsélqnegrbeﬁ"’%hﬂn%%s

filter. The fil tRErenB)nddeeic@ncEiBRASIb&RarkedcHultidfhdsBednhbE®F. |n
characteristics nmay vary depending on the characteristics of the signals

that need to be tdiFtaynH6 ivAkgual UBBbIqcks semvedisejpeipaie, the sNAbBASRd oy
contain one or 0 ) es & =y I
appropriate fun(rﬁﬁ feg%gtl B%rlrag&ce{gr.g’ %1’%\;\,@\9& téc Iggreﬂg&‘%sﬁﬁﬂsgﬁh%ﬁ? r%%ée?'n tftﬁ(}f
limted to, analregpesiive dedes fuachiena bigickker, rel ays, etc., or any

combi nation C’E01t6|3fSe"I'hghr‘?)u'r':e‘fyi %ﬁp%ufgméignals to the appropriate circuitry either
inherently, actively, or by a combination of inherent and active techniques.
In some instances, the routers may discriminate the incoming signal based
on voltage. For example, a router functionally positioned between the
multiple-purpose connector and one or more of the functional blocks may
allow only a signal above a certain voltage threshold to pass through to
those functional blocks. In some instances this may be done with one or
more diodes. In some instances, the diodes may be arranged as a
rectifier, e.g., a half-wave rectifier, full-wave rectifier, three phase rectifier,
etc. In other instances, the router may allow only a signal below a certain
threshold voltage to pass through to the associated functional blocks.
[0167] In other instances, the router may route signals based on
frequency. For example, a router functionally positioned between the
multiple-purpose connector and one or more of the functional blocks may
allow only a signal above a certain frequency to pass through to the
associated functional blocks. In other instances, the router may allow only
a signal below a certain frequency, within a certain frequency band, or
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be controlled by other circuitry which detects the signal present and
routes it accordingly. Alternatively, the switches nmay be controlled by

sof t war e.wOromiierisaspects, the switches may be contr ol IPed/usgomioesiaser . For
exanple, there may be a user interface on the housing of the device or on
an external controller. The user interface may include, but is not limted
to one or nore swtches, one or nore buttons, a touchscreen, etc. by which

the user can sel®gdigd e @RRMAN faEGeREhahd 8 pRACHROGH. NEAT @uUiR! thaw t ches
can be set accordingly. In some instances, the operating node of the device

can be nodi fi ed HFTHMHAIPHPBIGHPN HPALRNCY YA POHBINANBIE, B BIPN-RESSI gnal
I nput from the mybf g RYH ARANEC L0 and! P sPE N TR fiRBCAAY! Il REES may

include, but are not |Imted to, patient interactive node, power charging
node, data conmeenecitiendesiane, anst ke fiflee charactdtisticanma s dapendingean

according to th‘?hé’BﬁérﬁEtjepgti he {,igﬂﬁglha{trﬁe?ﬁg@%ﬁﬁip Sedihere data or

processi ng commands areé sen rough e- pur pose connector,
it may be des[0168] e 1rosemleeaspeatssitighadutag nEyot@daih ereadr insore cppidildd e wi t h

the patient con i Cl.roui try. . i egul f ui nts,
the patient el ec%tﬁﬁtlyé%rl]thcaéﬁﬁgﬂgt%énségr%éﬁgﬁgéépyaoﬁogﬁge g’éﬁ@%ﬁ' )cé)rlésc(ﬁgbnﬁgégfed to
the el ectrical owineed imag inclupeptmdt atchengpatimieed tor oandDey) vekitchgss.a | n

t hese aspects, it be desirable to select.a ¢ ni cation protocol that
does not rely ol EPSIe/ s FopdeaBnionraatah & fees, Theswitdies ey, o

| nstead, a dat a pearomudileRby othep tipduepivhithyddists thessiingdl pedsenehhd foudds
transitions or f.re%%a&%é modul ation to re.Fresent he dat%d I n ot her

i nstances, it mely@ IRQly SHEEAIVElYt the gidhes gy %ltcg_mﬁ?l 86 FOTMR- any
conveni ent dat a |prethecekps®y, b daaehdOhAH] bA bbmeedi BgrRen era Feeei ver
conprising a nmulti-purpose connector is shown in FIG 16, where the device

i s shown in pat ieAMPletharacmanee avger infstase \Rarthe §eusing of BiefRMIGEOR ) pat i ent

1603 through ”U!e{nieﬁ&h@%tr%ﬁéweﬂ{e%sel@qérfad@ﬂnh%1rQ‘PUdé0%§t is P fGked 1oL 605 i's
| ocated on housing 1607 and Is connected to router 1609. Router 1609

connects to i nt @R PAREFVILHAS.CRNCLE More Bilimel adewthssiasnoAicobyevids 13,
tput bl - iR | ock 16
energy output bheek,stp day s%gégé%eCé’pg;réﬁ’r#a{t@roﬁé?gtlﬁbatn%dé"%%%% H’%{E]tgrb oc

17. As shown, the receiver I's connected to a patient . t hus
t he router 1609 spdiskesscan ot gehhRcewdingynan seotpuinsiances the opkrratieg 18044 a

connection 16 1%1 the device can be modified by the internal circuitry or software based on
the signal input from the multi-purpose connector. The potential operating
modes may include, but are not limited to, patient interactive mode, power
charging mode, data communication mode, etc. The switches may then
be routed according to the operating mode.
[0169] In some instances where data or processing commands are to be
sent through the multiple-purpose connector, it may be desirable to select
a signaling protocol that is compatible with the patient connection circuitry.
To comply with regulatory requirements, the patient electrical connections
may have safety capacitors connected to the electrical connections to
protect the patient from DC voltages. In these aspects, it may be desirable
to select a communication protocol that does not rely on DC levels to
represent the data bits, i.e., a 1 or a 0. Instead, a data communication
protocol may be chosen that relies on transitions or frequency modulation
to represent the data. In other instances, it may not be necessary to avoid
a DC data protocol, and any convenient data protocol may be used.
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Energy can be delivered to the patient by energy output block 16 15 through
connection 1621 . Connection 1621 nmay or may not share the sane el ectrical

| i nes as wormeat7sas 16 19. [0171] The sane receiver i s SOOMS2000/06818 17,
where the device is shown in power charging node. External power source
1723 is connected to receiver 1701 through multi-purpose connector 1705.

Mul ti-purpose connector 1705 is connected to router 1709. Router 1709

recogni zes thegi7ole IANGSER MbgRnDBES rdceivr E@Mﬁfisiﬁ@@rrﬁblﬂ%ugdcﬁ@%onné‘étgr
accordingly routes the signal to internal power Source 17 11 through
connection 1725,'S 8 Byl Agvieiedhe 8PVid keshosEUR patiant interacfiva mprer| G 18
shows recei ver Flbienefodis dstirkeidds 14 TofiRh? FRUETUGESH | ABITBABosdx ef nal
control and data communi cation device 1827 I's connected to recelver 1801

t hrough nul ti - pwopaedorc dhtact MH'tliraGEOSG\/GD@mequr pode I%W on UWQ S
connected 1o ro;ﬁ%@'? a’n%oug-coﬁﬂé’cgtsa 1d SARef ‘F@G&”h{:ﬁ%rtﬂ%@g'c’aﬁﬁé‘&té@? %Ht&'ﬁ%l as a
control and/or data conmunication signal, and accordingly routes the signal
to control and dawerisopute d6ithutigrrl cdquibBioh7blatlor§18.o0anergy i aupu8aeck

Ext ernal control d Lcation. i t hen d control
si gnal and/ or dg@igpg@@é&f@mﬁéﬂ?ﬁ@|da§£n@3§§§§5wﬁ*§§¥*}ﬁ,rﬁ 7|ou? %bﬁhc%))c 1% 17 or
send a signal reecssdri 18)1diat @ninectedcord patie@ntb03ataadithpaitieowdyert 1€0Dck 18

17. Control and data input/output block .18 end data t.o external
control hnd dat $asS anBEhart Bhat adiemeh Bpk 1o R VR et Belide TR Taze
or ovler afdifferwgm_anﬁ@é id@ﬂverbdctbrdiengal?em\/iwﬁ|eﬁ§@ycout}ﬂaﬁﬁi®k-1$f5l_73] An
exanpl e of a router ich can be e oyed.in receivers of the invention is
Sha Ok s, T RughonBestop 521 g koqbesione 6T BlaYeh” Rk A ST TRt o t he
si gnal based on guald @86&ritRViALs aSBbhestighnabsot hat exceed the threshol d
voltage of router 1931 will be passed frombus 1933 to bus 1935. A sinple

exanpl e of t hI®731i ndhpisamesresaiyanisishorndn FIGe] 7. Wheigited dayiseiés I act s as

the signal diregh Qowep dargird e, 1BRrndPHowe? | BfdeS 1748 & cohfectdce s er than
the threshol d voltage of diode 1937 wll be passed from bus 1939 to bus

1941 . [0174] FIreiveroh7@hdhaophs Auli-eRape eeoreecioput €15s t Mitti-RHIBRe$S i nat e
based on the fregHRAGYr Prod BRohREQEY MIrcthét o9, FRdater2 Ao RGNt Ethat
the incoming signal is a power charging signal, and accordingly routes the
signal to internal power source 1711 through connection 1725, thus
charging internal power source 1711.
[0172] FIG. 18 shows receiver 1801 when the device is in data
communication mode. External control and data communication device
1827 is connected to receiver 1801 through multi-purpose connector 1805.
Multi-purpose connector 1805 is connected to router 1809. Router 1809
recognizes the incoming signal as a control and/or data communication
signal, and accordingly routes the signal to control and data input/output
block 1817 along connection 1829. External control and data
communication device 1827 may then send a control signal and/or data
packet to control and data input/output block 1817 or send a signal
requesting data from control and data input/output block 1817. Control
and data input/output block 1819 may send data to external control and
data communication device 1827 over the same connection 1829, or over
a different connection, including a wireless connection.
[0173] An example of a router which can be employed in receivers of the
invention is shown in FIGS. 19A and 19B. FIG. 19A depicts a router that
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principle of a router based on frequency with i ncom ng signal bus 2043 and
functional block busses 2045 and 2047. El enent 2049 has an i npedance which
i ncr easeswoizbtv/f7saquency, and forns a high pass filter WwCThuSe@9iosgies 2050.
Only signals above the design frequency of the highpass filter will be
passed from bus 2043 to bus 2045. Elenent 2051 has an i npedance which
reduces with frequency, and forns a | ow pass filter with resistor 2052.

Only signals be'dPé’&nhh@até'@%@ﬁgﬁél%é@&% \Rﬂtab@@e\)ePV\@%ﬁ/Ss@hélé &at \Wxtbede
passed from bus 2043 to bus 2 ass ter and | owpass filter

may or nay not Ha@@rashql@welmged@fsrogwrfh%gmgﬁ@pe@ssm fsomploys § BUSi npl e

exanpl e of this nc, 5
hi gh-pass fil ter@E’gt végln?%lejs%}goé giltg%gﬁ@%ﬁg gi?lvgﬁ ﬁ]gﬁt ﬁgré ggng%ahn

resi stor 2056 f ¢lietealdB{vagissas the signabererien cdis QW7 1969 KRy HB®rIs Only
those signals abgye, Lhe o fe?ftﬁanf fh%qﬁl%@ﬁélpﬁfvc\)ﬁ?ﬁ% bPURY t1%g?%ﬁbé auihys 2057

to bus 2059, while only ose SI cuto requen y are
allowed to passflfmmbu$)m3392t0%3tt94bus 2061 . [0175] FIG 20C shows anot her

I f h ) .
Choom ng i anid VAR GG SORCHLR08 v 226000, o Buld EIHED Bkl oy
](c:ertaibn dggi{)gnt fkragq«hem:j,he (Dahyermygufathe mcomeznogelggndbsiFgﬁ. pnﬁgstmvm/t thva | | ]E)?ss
rom bus 0 bus ter ai.n a S O
hove 8 sacond PIBFDIEPF B auREpRRER o todiiente SinhDRoRirt ylad il 24802 )
w1 pass from lug R0oforiad ok bﬂ@ébs PO&F?Gdnd:QGMZ Elcpienis2cud aapenai of the
router that enpl O\F/)s active swtche separ at ed fromé@usses 2

2 163
165, 2 167, and @ %@Oﬁng'ﬁﬁ‘t"&%%se? Wh irqueric-,ys and fg'ms f7oh gassdienr 155 2

167, and 2 169 eaghresRMIEH50t COMNSIgHalTTBB S ef thBGdsRmafrediepey of e higp-
external receiver. Switches 2 17 1, 2 173, and 2 175 Ey%be controll ed by

ot her ci rcui t ry,Passfifilerwill beapresse fiam fes 2943 @ @Uéé’@ﬂf’or MeRie2q heeded to

connect or di scomigfdedhbe Fhkh3ebiOcdRitk AehBEMI)@hAJofmGtIbR ks iteEK
[0177] Receivers of the invention may incorporate circuitry connected to a

mul ti-purpose covie@sisiondli®h Prlvesignals )Pel%btf’@sd%ﬁ@%ﬁﬁﬂvam hellewge,
whi ch is above ?a‘é@rﬂgé‘ \ﬂllltdérﬁa%@ {j)‘i'r’od Bu§‘2 £51d byd Q@47Tet Wn Weiiter

conver si on nean en to a battery c arger circui uses the

ener gy to char gendiewipasefilel mayer @ay notihayvedditfereatdesign tre@lencle:suﬁl@ry

I nsi de 20B shows a simple example of this principle. Capacitor 2053 and resistor
2054 form a high-pass filter between bus 2057 and bus 2059, and inductor
2055 and resistor 2056 form a low-pass filter between bus 2057 and bus
2061. Only those signals above the cutoff frequency are allowed to pass
from bus 2057 to bus 2059, while only those signals below the cutoff
frequency are allowed to pass from bus 2057 to bus 2061.

[0175] FIG. 20C shows another example of a router that discriminates
based on the frequency of the incoming signal. High-pass filter 2056 has
a gain that drops off below a certain design frequency. Only signals above
the design frequency will pass from bus 2058 to bus 2060. Low-pass filter
2062 has a gain that drops off above a second design frequency. Only
signals above the design frequency will pass from bus 2058 to bus 2064.

[0176] FIG. 21 shows an aspect of the router that employs active switches.
Bus 2163 is separated from busses 2165, 2167, and 2169 by switches
2171, 2173, and 2175. Busses 2165, 2167, and 2169 each connect to
one or more functional blocks of the external receiver. Switches 2171,

2173, and 2175 may be controlled by other circuitry, software, and/or by
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the receiver is immune to the specified applied AC voltage. The receiver

al so detects the presence of this voltage and can change its operating node
based on wbabiwatfasmati on. [0178] FIGS. 22-24 show one exargsb@onbsiesrcuitry
for an aspect of the receiver. FIG 22 shows the multi-purpose el ectrode
connections SNAP_E1 2277, SNAP_E2 2279, and SNAP_E3 2281 , along with
switches 221 13, 221 15, and 221 17 which connect the electrodes to the

si gnal recepti onndli9&kotdpeR Ul ticseHithedira P thbATecR BPLisEbfiect BRSDS62 L 2 1
and 221 23. Diodes 2283, 2285, and 2287 protect the circuitry from danage

due to el ectrostle’ p@rr%ﬁ@@ﬁ@%@”qt'l%ﬁi)bbqknduct ors 2289, 2291 , and 2293
reduce el ectr r " 9299
RIBET ! kDbl darenRRnl ey (ERBGRICER AR ConRRRG oand |

protect the p reventing any DC vo rom bein
el ectrodes 2277 mtﬂmwrp%ﬁopmsgtor V\LhIQ’feBWhQFﬁWgefDHTR@I amamplmdlACd/@ltegél nAC2

221 03, and Char, vﬁﬁéwpgab%%é 9%&%%@@5& th%ar%cﬁ 't”g Se’g@%,er ”ﬁb\ggP""er

source which is shown in a subSequen ure pac 1 09,
and 221 11 preveonverapnDOeand, tal‘giethfendmEb@athqyammlrg@fcbntouittvwécfsiugemlthe

reception anplif} e ) . . e used
o sbl et any. combovBRIs el pathe ctie,dad 40ys M08 st a1 g
g23(2)1t (2)3t hfotl\%] s:tlgelfécenmm:)tmmnneamathef spmc:lfledmupﬂaed/ﬁm f/cﬁltat@él 'I21elrbeiaa|dte?\/- diff
: n the dev 0 sible.to
i sconnect the ARhaFeFBob PERCIEek I TprERL R cah dapaRaR bRt
signal is appli efodeobddad @l tBatinfod@ation.t Wl be passed t hrough the sw tches
ifi i However the fier inputs are designed

P e e I b, PR anan BaS vaeniake of ShcuinkeBn ABeaseet PRAE, yon|

reception bl ock ré@euwrneCE@am [sﬂé\&&)] tHen rAdltiPlukiseatelactrog@ntothecabndPN, it
may be possible to disconnect ignal reception bl ock mhen a 5|gpal

other than a dat¥NAF grhl234. rﬁkléﬂ@a 8R/¥ha@nd| StWFo&ss 228hi Alopg, W

acconpl i shed, T agyieXedTpbe13 B 14BI Bad 32917 IvHIAH cBMALCE RS cRitftoaEs fo dhd ferent
ar r angenent of sw tches. [018 1élt’l'he battery charger |nputs to the internal

power source fuﬁdﬁﬁabfﬁﬂepmfb@l@c eoded @narereryonaMplifieh &puthd? bl Al 221 0
1, Chargel nAC2 223,83, pighick Shad IBIg3AGAd 2287 QR ofeb PR bifRuitR2 iGN ER4gd © the

PORET due to electrostatic discharge (ESD). Inductors 2289, 2291, and 2293
reduce electromagnetic interference (EMI). Capacitors 2295, 2297, and
2299 protect the patient by preventing any DC voltage from being applied
to electrodes 2277, 2279, and 2281. Lines ChargelnAC1 22101,
ChargelnAC2 22103, and ChargelnAC3 22105 connect the inputs to the
internal power source which is shown in a subsequent figure. Capacitors
22107, 22109, and 22111 prevent any DC voltage from being applied to
the signal reception amplifier. Switches 22113, 22115, 22117, and 22119
are used to select any combination of the three electrodes 2277, 2279,
and 2281 to go to the two signal reception amplifier inputs V+diff 22121
and V-diff 22123.

[0179] In the device shown in FIG. 22, it is not possible to disconnect the
signal reception block completely. If a power charging signal is applied to
the electrodes, it will be passed through the switches and on to the
amplifier inputs. However, the amplifier inputs are designed to be immune
to the relatively large voltage, so disconnecting the signal reception block
iS unnecessary.
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source functional block at Chargel nACI 231 25, Chargel nAC2 231 27, and
Char gel nAC3 231 29, respectively. D odes 231 3 1-231 36 forma threephase
rectifi erwowhs7shie device is connected to an external poRaS2@vasgyes, the
rectifier takes the power charging signal, which nay be an alternating
current, e.g., a 100 kHz square wave, and converts it to a DC current on
net Charger |In 231 39. Wen the voltage present on the inputs is |less than

about 0.6 V, 04a0] aSIrY"&ﬁ%ltéﬂh%tn‘il@Mbrﬁ@u'raﬁloﬁoﬁfh%ﬁl@éjpbé%lb?}e@élﬁls%ﬁne&t|ﬂﬂa si gnal
i s not passed throagh the rectifier and Charger In node 231 39 is

di sconnect ed fr GHaNahRAEHIOB Plogk whema §1Enahﬁtﬂ‘eﬂﬂlar2@ datenpignalsig|raedived he | ow
| npedance of Ch‘%fngﬁfgabl'écfﬁé’d& 23 33%afyr§é“ic98mﬁl|l§i’f‘eﬁr eslesxahse !og eeded

to make a high i nce neasurenent "o nal " on the pa’[l 00St
converter 23141 aﬁdtﬂs}ﬂ@' ighes pp@gea ditferent a@aagq@enuqfsx@mh@ to the desired

power chargin : i donto
the battery cﬁg\rég tgﬁrou t%r %28%T§gts %htﬁggﬁgw%gml{tgtgg@te fﬁpﬂgﬁ%ﬁcwt
in case a hi gherbladkaaredﬁmwrem vibt 2ge uilsequaaEgdelchCU?QﬁgEr Chargetdd231 39.
[0182] An aspect b I ry. F 4,

Qut put node 231 %? Eﬁﬁglégérgémconngg?gsq n?%fﬁ?' %)éat%f)eré;c\{mtﬁa&gebgglefcwt in
FIG 24 at batt esoyroehfangi@mal blpok anGdarg%m}AcUl 28823, GhargdinAGer23ii apuand24147
connects to batter h er, inte rat CII’ ui t a ect
battery char ger G e 12D SGIREL okl Pdeoa b d B8y | o

l'i thi um battery phate hattfery pads #ldbvide dtorhdcted. toTaue éx@shaoboivbe
circuitry shown in FIG 24 jncludes regul ators 241 241 57 and 241 59

whi ch condition Cﬂ“ﬁ@eﬁatﬂ“?erteﬁt'f\%ltﬁlfa%%th‘eo O\M%recq%gpgeslgrgg,t WRIEN R Ofr& i try in

the device. [O018Rbriating @grr@ﬁﬁegh@mewukuar@mb@ aRetaivereliviocame ed to
either a living subject, such as a %tl ent, or another external device via

the mul ti pur posé’“&rﬁﬁh%ﬂ%trCh@ﬂ'éﬂn 83138 nWihepdhe velaagriresenhe) the iInfbimect ed

include, but aregs s {Hafl 455t iP6 RNsRH! 88 RMenP L HeRb&PRbnAEHES ]9 AN
external programm ng device, an external data processing device. The

recei ver may al $8ligel, Bisesianaliengt passpd dirough Hieotertier andi GRargerel) 8edei a t he
oot SIS sk ok R, oeErg o7 olieioeel

isolates the low impedance of Charger_In node 23139 from the electrodes
when it is needed to make a high impedance measurement of the signal
on the patient. Boost converter 23141 boosts the voltage on net
Charger_In 23139 to the desired power charging voltage, e.g., about 5V.
The boosted voltage is passed on to the battery charger through node
23143. Diode 23145 protects the circuit in case a higher than desired
voltage is placed on Charger_In node 23139.

[0182] An aspect of the battery charger circuitry is shown in FIG. 24.
Output node 23143 from FIG. 23 connects with the battery charger circuit
in FIG. 24 at battery charger input node 24147. Battery charger input
24147 connects to battery charger integrated circuit 24149. In this aspect,
battery charger input 24147 is configured to recharge a battery, e.g., a
lithium battery, at battery pads 24151 and 24153. The rest of the circuitry
shown in FIG. 24 includes regulators 24155, 24157 and 24159 which
condition the battery voltage for use in the rest of the circuitry in the
device.

[0183] During use, the receiver may be operatively coupled to either a
living subject, such as a patient, or another external device via the multi-
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connected to the external nedical device via the nulti-purpose connector,
when present the router nmay open and cl ose signal pathways based on the
type of swonalo/osiisharacteri stics of the signal. As di seasasdooaiocsies t he
routing may be done inherently, actively, or by a conbination of these and
ot her techniques. [0184] FIG 25 provides a schematic of
conponent/functionality rel ationships that nay be achieved in aspects that

have mul ti-purp ERNBGHHRIG: Hferseherl idevick8T wRsRTRAE bePLOMh&tes for a
signal director 2500. The signal director 2500 conprises a control el enent

2502. The cont r dncledeaniit ares oot H@Ve@dﬁtﬁﬁl extginah POMESE FHREISF ed@ViLe, \&) t age
2504, frequency Zplfa g%mingrdwmt %ﬁe%ﬁ&@?roﬁé@ﬁmg dadicet Mide
t 4 may be di e

criteria 251 0. The voltage 25 scrimna vida one or nore
di odes 251 2, a re¢rivafimaypdlseveppeeativelyToapieddeasnibyr medeahggyitsevia the
discrimnated b hi b, filte S f r 8,, etc.
Si gnal s may be ﬁnﬁﬂﬂg}]ﬁ&sgﬁé Sre Hp())trr’ogrgnrc z@% h F%gﬁ %égﬁ@r BHXLH&Qbﬁgdsnéorﬁu%q /
programmati ¢ corimpladied H0licdl adevied. og Vévent dhesp@®pD,oraanethay EyRe, i

mul ti pl exor 252 r ' 1.3 f ' onse may
i ncl uge, for ex;k%ﬁécﬁeﬁj %E}% eﬁ%ﬂ%@&g@g%lﬁc}ev&eﬁ@? t@% gﬁﬂ{-eq@g%é gé’ﬁ?% S’ of

usi ng devi ces wwhHennpresentphe posier cnaynepdroaad afosehsgnal\patiways ledsed omcl ude
di sconnecting the receiver fromeither.th at.ient ,or_.one of the qther

devi cos i scassdie e Staalofiarareitios uoroil Medlesdhabaelit her one
of either the pabitenimay berwnefinticientdt hetivelle\or 8¢S stndbitdtnnaslthésadargose
connector. Wien present, the router in the receiver may route the signal
fromthe second O(%Eﬁ’fﬁ% "W '¢evi ce differently than the signal fromthe first

connect ed devi@m4] | nFagdi b6 0mprotifes ORer edHeAhIFDAS! OtorhPenedwtgichehalinedi cal
device may change in response to the signal fromthe second connected

devi ce. [0186] FuPRH@IshRs: Biat Nl §8r BEhiRyeeifepsRact thatthavey MuRicPyinese

mul ti-purpose CQBAREISSS The IRRemANE ol @RaRBE, THRONIALS fdfa Tsl@fﬁiaf dié&ofey be
found in United States Provisional Patent Application Serial No. 61/1

22,723 filed on2580enbr sigsal GiGoLy 3506 QANYYISES @ eOBIOl WANeeNti2B0Rer Eien
I ncorporated by &fiv&r 8RRfent 125BEIRAE Ecdntrb), JYERS Hb&BRIVeMIWoRage 2504,

frequency 2506, manual/ programmatic commands 2508, and other
criteria 2510. The voltage 2504 may be discriminated via one or more
diodes 2512, a thermistor 2514, etc. The frequency 2506 may be
discriminated by a high-pass filter 2516, a low-pass filter 2518, etc.
Signals may be manually and/or programmatically controlled by manual /
programmatic commands 2508 via analog switches 2520, a relay 2522, a
multiplexor 2524, etc. Other criteria 2510 for signal control/response may
include, for example, light, temperature, time, etc.

[0185] Methods of using devices with multi-purpose connectors of the
invention also include disconnecting the receiver from either the patient or
one of the other devices discussed above, and operatively coupling the
device to another one of either the patient or one of the other devices via
the multi-purpose connector. When present, the router in the receiver may
route the signal from the second connected device differently than the
signal from the first connected device. In addition, the operating mode of
the external medical device may change in response to the signal from the

second connected device.
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[0187] Receivers of the invention may include an inpedance neasurenent
nodul e, for exanple where the devices are configured to neasure inpedance
across atwbeamxo7aiipai r of el ectrodes of the device. | npedanseonmmesins enent
nodul es may be configured to determ ne the | oop inpedance of the series
conbi nation of two electrodes and a resistive |load (for exanple as provided
by intervening tissue). The inpedance neasurenent nodul e conprises a

current sour ceo1gepCk FLRNET QMhIe redardifg re @RS ShathRa P iRldO/RR-pRPSsed
vol tage processing block to neasure the voltage signal across the resistive

| oad and to det EPRNe@OIShe Blecikvedips angarrineds ofdieiieksampay, be Haunkdei ver
may be confi gur g i<ioRANH, ,ﬁl\@} int [ ; wave
current across ﬁ%sllte?msg&%%féﬂlﬁges. 'i['én S |p§855{|l?fnf$%ﬁ“e”t% %wgg?ggflwgaédgt ached
el ectrode. Appl iResenbes 19ay2008¢ thel discipgureapt Wiigh Isi hetedtl incorpasaien vie

di agnosti c appl ir&%}ér@gs, e.g., where neasured inpedance is enployed to
determne if an él'ectrode is disconnected fromthe patient and/or is not
wor ki ng, patient nonitoring applications, such as where inpedance is

enpl oyed tq%&égag&' @f%)%?%sgéﬁfﬂ%ﬁti\ﬂﬁmgi ol ogi cal paraneters, etc. [0188]

FIG 27 provi nodel ing a drive schene 2700 i npl enent ed
by the curren{018Flir c&ebtigels, of alocibrentitg) may ockidasgranipedinddhmeasivemenbn.  As

shown in this aspe bi pol ar current .be derived fr a _uni pol ar
Cogi o drive, w hogre B RanaE . BRere the rivinte, 87 chafigeredus” ciitachis o
"EZ Carrier" 272fpeddghcebatr& atneast 2630 of alcetrgddeoiaineienind. prpeddecan
el ectrode current lez 271 0 across the two el ectélodes "EZ Carrier" 2720
and " EZ_Bal ance MSANPRE, MUIRS aRBY e Pe h ORIt 00 5y THER | B\ E%%ér

processor (e. . ,impb&arer GRS SeHas corsihdtidheTens erbctrodss Aied a rdsigtReilegd W t h
capacitor 2740 and resistor 2750 (the unknown el ectrode inpedance). [0189]

The vol t age prodEEsPrMBIRodR REYPdedYa iNBIVERGE FegHe 270 HPedaRCs he

el ectrodes (i.e.meReraasntthSdui€ebmbli¥es b earehtestdupdPblodd b Mbvideiiehng from
el ectrode current ez 271 0. The voltage processing bl ock nay then use

vol tage signal ZPISs te elecleqdasnanthe Voitaae seressingdelastcéo Masues Al e,

vol tage signal 2840, ERiol Eisks Ao 28BLIVG Rikabind GRUBTRTe 1RABRckd8 t od by

a 5 KHz HPF and F to reduce noise, an
impedance. For example, the receiver may be configured to apply a 2
wApp (RMS amplitude is 1uArms) square wave current across its two
electrodes. This is sufficient to detect a detached electrode. Applications
may include, but are not limited to receiver diagnostic applications, e.g.,
where measured impedance is employed to determine if an electrode is
disconnected from the patient and/or is not working, patient monitoring
applications, such as where impedance is employed to determine one or
more physiological parameters, etc.

[0188] FIG. 27 provides a circuit diagram modeling a drive scheme 2700
implemented by the current source block, according to one aspect of the
invention. As shown in this aspect, a bipolar current may be derived from
a unipolar logic drive, with no “DC” component in the drive scheme. Two
currents, “EZ_Carrier” 2720 and “EZ_Balance” 2730, are generated and
provide an electrode current lez 2710 across the two electrodes.
“EZ_Carrier” 2720 and “EZ Balance” 2730 may, for example, be
generated by the low power processor (e.g., microprocessor), and
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applied to an A/D converter input (e.g., a 12-bit A/ D converter sanpling at
500 KHz) to provide a digital data streamfromthe voltage signal. A DSP,
for exanpwe,2omyspsocess the digital data streamto det @cwiuseoowioesies ect r ode
i npedance. For exanple, the DSP may m x the input data streamwth a sine
wave at an EZ Carrier frequency (e.g., 20KHz), apply a Hogenauer ("CIC")
filter to lowpass filter, and decinate (e.g., by 16) the data stream This

moves the fundanmpletientdd fd@@trfé@"r{ b@rfesﬂﬁl@r’f gé[patcﬂo%o ahe rd3aftorEs ot e
cal cul ate the absol ute val ue (nmagnitude) the data stream average that

over a 1 second Unkpewe eleghade brredanCcele |rrpedance using the formul a:
Zel ectrode = g(ﬂ\é@ / (I'hée\?oltaggabr'&céss)ing HEKL hE2QLiredhsr Goitalfe é@?élh§7 asured

anpl i tude at D conver at the lez carrier frequ 20KHz Gai n
setting G3... Q0 aer@sothe @é&qtf@d%?las a¢fesGdhe realstiee flgad-cae%i’doratam "Thi s

result5|na30 T a d W th
the el ectrode bg?%gm gélﬁrég&?%lgﬁrferﬁqg‘é%@pﬁygrﬁ%ﬁggﬁé%ésgt %P?édi agram
for an el ect r odendynjhedarseevaitags sigmat AT 1Q & dgﬁeem@evthe eleshotetrepedanceor di ng
to one aspect of Lhyentd I e arrier

T ne" 5550 ant e o el liBe sSaef %ep(r’?ﬁw fifsy PR R EACET @%‘PE%’?@Z) 281 0
fl ow ng t hrough baedilistiiedeby @all, Kiet ¢tRF atd 3% 3(HA aJPGetoEmcREEOantérnca Kel vin
connection, and no.c | owi n t hr h el . dance). Em 2860,
The ol toge oberous I A bt 2180, 8 T A chhlReEr A3RRlnER)

El ect rode curr ergool itz)28 brévideny d@tal a@tra manpﬂr@m tRe NOIRYeSIGMARMEDSP0192]  An
i npedance neasur.enment dul e i ncl Udeshe?gé]@ nodul e and processi nodul e

and el ectrodes. P5XaERE HBUSRIPER x33B| BHEHM o s@ﬁrﬁ”ﬁ@e bility

that may be accematiogbeithpadbhRcedNYFdrVexa@ist tedBSPOMag MBC HeY fiput Idtat@ddl tion
to determining functionality of the device and placenent thereof, e.

whet her the el eciP8edith SRRV %l’hﬁz&arﬂ%frff%&{e@ﬁy {0+ RBKEghjaeRl 3as ,

desired, physi 0|I-Q£§jeﬁ§betdgf‘@@ ??lltér%%\ﬁ%fas%}ferb%néQfe'c}h‘i‘éie E@Myhes)megsur ed
|rrpedance For exa he measured i nmpedance wil | have Sone conglonent

which is deter m%&sﬁ?amheﬂﬂ@ anesHbe deneamenialdeinde, caftiRrcenaragy i 8slzto
respiration. |nqifl ﬁsﬁﬂﬂ&ﬁftheﬁ BAchiaREHBNAR oA FaBNnRGnRIR) W & PPt &l N

the respiratory rate of
stream, average that over a 1 second period, and convert to impedance

using the formula:
Zelectrode = ( Ve / ( lez * Gain ) ) -300

[0190] where: Vc is the measured amplitude at the A/D converter, at the
lez carrier frequency (20KHz). Gain setting G3...G0 = 0000; using 287 as
the Gain value for calculation. This results in a 300 ohm Tare resistance
(electrode impedance) in series with the electrode being measured.

[0191] FIG. 28 provides for a circuit diagram for an electrode impedance
measurement using a 3-wire ohmmeter, according to one aspect of the
invention. Current source block generates EZ carrier line 2820 and EZ
Balance line 2830 to provide electrode current (lez) 2810 flowing through
resistive load, electrode resistance En 2850. With a Kelvin connection,
and no current flowing through electrode (impedance) Em 2860, the
voltage observed by the first stage 2870 will be lez * (300 +En). Electrode
current lez 2810 may be, for example, 2 pApp = TLARMS.

[0192] An impedance measurement module includes control module and

processing module and electrodes. Impedance measurement is an
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subj ect. The el ectrodes 2860may al so be enpl oyed as sensors of the fluid
state of subject. Over tinme, particularly for a heart failure patient on

di ureti cswof2bwdsasatus is a very inportant quantity. TireTalst@onesi2$| ui d
state can be used to titrate nedications and/or provide alerts. In addition
to measuring fluid status, inpedance neasurenents could al so be used to
nmeasure body fat. MODULE | MPLEMENTATI ON [ 0193] In various aspects, the

above descri bed dyafisleest a®cbsing HaphoRgVRaL ﬁiﬁyp@/\@écdm&liéhéé witha@r Rl ary
nodul es, the transbody conductive communi cation nodule, the physi ol ogi cal

sensi ng nmodul es elqy@r@gps b ppIreceirriullie addiiop tagdetagninings funetienadtyc 6f fe eal
communi cati ons r% eaﬁ'ld Efgﬁem Pﬁ{e?éofomggr g\ﬂlhéthépfﬁa B%Eir&?bsoéret BHing

conponent s, nted as soft . g. nal proce55|ng
sof tware; har dW@ng/or@ognectgd ¢ meuBubje@ra%@emredaphw@oglh@lr@éa Of mgeregth,

additional ele t}eh%n fﬁ:‘?nm% tasur'édt édfaBé" rF%?eéQé%%é”%éJde but

are not limted : a sl gha decodin € signal
enmitted from an nmégured gngaoance N\alhbave Serrne Qemg)o,neﬁbwhsbnshdagermlradgﬁm,al from

e S Sl it el B L, .2

for storing data recel ved srgna gi'ca data
nmedi cal record da¢ anpedance data:bmbeelnmmrud toeolgain therespiratocy aatérmgthae

specific time ent recel t of a al; a pr ifier;
2P o cr opr ocessosbiedh. THRcHeaYEY Ao Bk B eRePkOrHs sthsBrs pEh:
functionalities fmfd stae of gmﬁctr ek life, pasiediapgssr élhletaﬁrfauuretpatuémlc%] In
certain aspects, s\r’;ﬁ H of the present receive aée_gp t
integrated ci rCLﬂ"frEt'C ] est"E‘tHé I$ A Vely IMROGART AYantihs igute ﬁﬂfgﬁ@e of

di stinct functi @aalbdleskso t.%téﬂh@d@agohseand/@c@kme aRkts! emshd@msretdf _
e.g., two or more, up to an includin t he nodul es may be(fresent in

a single integr é‘ﬂ%"%ﬁ“ﬂﬂ@ dlyict staps; wepefgaé@w@eaw@ime@tﬁaﬁwcbalsmpq HeeG t m of a
systemon chip Qhea3tfd bodYiadi NGl e integrated circuit is nmeant a single
circuit structure that includes all of the different functional blocks. As
such, the integrated circuit is a nonolithic integrated circuit (also known
as | C, m crMePYIFUMPLEMENEAHENI p, silicon chip, conputer chip or chip) that
is a mniaturized electronic circuit (which may include sem conduct or

devi ces, [0193] In various aspects, the above described modules, e.g., high power-
low power modules, intermediary modules, the transbody conductive
communication module, the physiological sensing modules, power supply
modules, storage modules, extra-corporeal communications modules, etc.,
and/or one or a combination of their components, may be implemented as
software, e.g., digital signal processing software; hardware, e.g., a circuit;
or combinations thereof. As such, additional elements that may be
present in the signal receiver include, but are not limited to: a signal
demodulator, e.g., for decoding the signal emitted from an IEM; a signal
transmitter, e.g., for sending a signal from the signal receiver to an
external location; a data storage element, e.g., for storing data regarding a
received signal, physiological parameter data, medical record data, etc.; a
clock element, e.g., for associating a specific time with an event, such as
receipt of a signal; a pre-amplifier; a microprocessor, e.g., for coordinating
one or more of the different functionalities of the signal receiver, band-
pass filters, etc.
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as well as passive conponents) that has been manufactured in the surface of
a thin substrate of sem conductor material. The integrated circuits of
certai n aspeoti76fist he present invention may be hybrid iPorage@vedsiesrcuits,
which are mniaturized electronic circuits constructed of individual

sem conductor devices, as well as passive conponents, bonded to a substrate
or circuit board. [0195] FIG 7 provides a block functional diagramof an

integrated ci [631@'41] CWB&WES&JC@ 16 Efb@hle"s%%éfﬁrreséﬁtcrgéé‘v&g ér@{o?é%eﬁﬁpeﬁ of
the invention. InNFIG 7, receiver 700 includes el ectrode inpu

Electrical |y co®pl siparaediriceiiecvhesadhe ipaerated girayis inplude t?oaym@@rnehct ive
communi cati on €t f S%Qtl@rﬁﬂj oRIAKS! Qgh & wér?ﬂe%e%r RAduhg s%%fle s HNE

aspect, transbody conductive commruni cation nodule 720 Ts emented as a
hi gh frequency (tW)orgngr@alupdneamlnah@qgh@JbDbltb@mmule§emgvﬁv@ Ppregenten 80 i s

i npl ement ed as ; h e PMOS
tenperature sen%r{rggé(vrlr@g@%@%cé#@ t@ée?ectl\feﬁgﬁ%n%fﬁggterrpera@fjré)) and a
3-axi s accel er orsgsiem B6@hiRec &0 BOGirgls integrataddeiscuit ipreadsd smoengi ne
non-vol at 1 o mendedt iRl 88 Ak bl aIEE A e on

nodul e 780 (for thlauraegraaadsmcmﬂnsra monalitbit Hetegrieed ciecuif (a1soekramm asil@, a data
upl oad action). ,ﬂ[ém%l rov des ‘E\ nor e d talked bl @ F\qram of a
oPreutt cont 1 burBEBRyihoisrasES. HUSKET sBie” FaALin ah BaPR SR DrC

recei ver depict eﬂinialturlib&elactromccircﬂmr(g/htc«n maﬁlmﬂﬁcielﬂ‘cothorrﬂ@iﬁelson I n
FIG 8, receiver 800 includes el ectrode and e3 1, 8 12 and 8

8
15wl oh Tor | erasoppl 8% eaese A BN (Rl DS boah TR S Rt By an

| EM and/ or senseuphys idp! s adubeaa@net @émlc@hdmwmdf@ﬁa‘i ofhé ﬁrﬁt@?ﬁeﬁéd The
signal s received by the electrodes 8 1 1, 8 12, and 8 13 are multipl exed by

mul ti pl exer 820 GRMiEH f sCeitaiR t #SReslS i clgpIPEReNb inYRNtiEN e BtaYo 88 hY Pt 97]

Mul ti pl exer 820 |hté?|%'t&j3&|qu¢t§|\hb{lcﬁ%tphﬁrﬁathﬂz&?él@c%rg@c?&ﬂ@ RAsPudted ber 830
and | ow band pass I'ter . The high and | ow frequency signal chains

provide for prodh@vifedisemieandueior deviees, aseveleds passivecspamPasenisaRgeded n t hi s

speci fic aspect ; legjla B RRSSt bddrger 830 passes frequencies in the 10 KHz
to 34 KHz band ?ﬁ)?terl ng out noi se from out - of - band
[0195] FIG 7 provides a block functional diagram of an integrated circuit

component of a signal receiver according to an aspect of the invention. In
FIG. 7, receiver 700 includes electrode input 710. Electrically coupled to
the electrode input 710 are transbody conductive communication module
720 and physiological sensing module 730. In one aspect, transbody
conductive communication module 720 is implemented as a high
frequency (HF) signal chain and physiological sensing module 730 is
implemented as a low frequency (LF) signal chain. Also shown are CMOS
temperature sensing module 740 (for detecting ambient temperature) and
a 3-axis accelerometer 750. Receiver 700 also includes a processing
engine 760 (for example, a microcontroller and digital signal processor),
non-volatile memory 770 (for data storage) and wireless communication
module 780 (for data transmission to another device, for example in a data
upload action).

[0196] FIG. 8 provides a more detailed block diagram of a circuit
configured to implement the block functional diagram of the receiver
depicted in FIG. 7, according to one aspect of the invention. In FIG. 8,
receiver 800 includes electrodes e1, e2 and e3 (811, 812 and 813) which,

58



frequencies. This high frequency band may vary, and may include, for
exanple, a range of 3 KHz to 300 KHz. The passing frequencies are then

anpl i fi edwbyoswpbiifi er 832 before being converted into &Cuiuseamalosszgnal by
converter 834 for input into high power processor 880 (shown as a DSP)
which is electrically coupled to the high frequency signal chain. [0198]
Low band pass filter 840 is shown passing | ower frequencies in the range of

0.5 Hz Lo 150 Haoibidnfuid Irbaid ik Sooueilonohariiitlod SRAbSIY ASENTRRY bf eauency

band may vary, and mal){1 i nclude, for exanple, frequencies’'|less than 300 Hz,
such as | ess t h&ens@@hysiological parameteEse biemarkers ¢lzintered. pABeiS@Nas equency

signals are arrplréﬁgél\%jj by, %@'cﬂéét de§4§11A|8$19 35{?%""’231'38 afeg;@blﬁ%leo j € y 850

electrically coupled to’second | I"'exer 860. tlplexes
the signals fr ormmlh@ew@é’pefvmmts@ecmaﬂyph@plaﬁm theuaieptmdgﬁal s from

anplifier 842 e |

signal s by co[\(ver ”%ﬁ%ﬁ%%%o%% so e ec%é]lg@é POt ﬁlgﬁ ha (;{I/;[/apower
processor 870. [8309&)d law dasd asysedtiter 844i gThthlgit:aedéowrf&tomlen(:)smgmahs one
manuf act ured by I i Liml e

accel eronet er 8@2%38?%&%@%@@%&%?%8 ng E'II @\gedc?ggg& 3634%#@ €N |eg| t al
accel eroneter. FFmnhiexae@ﬂieagﬁwt;mi@febamtepaﬁsgﬁnmlr830rpasslesgirecmenaresem ¢gheonet er
woul d produce sign | r indigital f t he. di gi t al ac onet er
Coul d bypass. corVeRtEr T diar et il HEF BB pre RBis®: oM owfRERReR

m crocontrol |l er f@&éQenhdlenhiThis aydefreglentploaxermap dawowind mayhnmlgw foe
required. Also, the Eq ital ng Qaﬁﬁco?fi ured fo turn |tself on when
detect i ng noti orfXaNG RANGSREENIZS 1 BeAY BRAUSSIRS FBRRD ot ep
counting may be dnilfied®yt feplifiEhe3divgidral bedtif eb/cPteBtiflo ARgitansigHalenya FI FO
buffer to hel pcontrol the flow of data sent to the | ow power processor 870.

For instance, d&CAVeRS &% BUITOSE EHO infoht PRWVE| REeFRRSET BB Lﬁ$h°W’h§‘S #PeR) tine

the processor ”%@ﬁsterécﬁ%%ﬂ?@ou&eéwme@ﬂ‘@kﬁé% drie{sRtal . St at e and
receive the data. [0200] Low power processor 870 iy be, for exanple, an

VBP430 ni cr oc BHI98bI | é@Wftra@ﬁlmpéﬁélﬂen isLEROMNsPasE g Igwweireq#%@@,sfswheem of
recel ver 800 mai gﬁﬁé 5f0. B*}?z !o Efb ﬁ% @\{rﬂe f'“@“'@%&ﬁ'ﬁ“ﬁtgfb?ess Rl res

m nimal current draw e. ess 020f] Hi gh power
processor 880 ndkequency mndemayrwae/,, apd iIEB5i00lude giior gkample, frequencies less

than 300 Hz, such as less than 200 Hz, including less than 150 Hz. The
passing frequency signals are amplified by amplifier 842. Also shown is
accelerometer 850 electrically coupled to second multiplexer 860.
Multiplexer 860 multiplexes the signals from the accelerometer with the
amplified signals from amplifier 842. The multiplexed signals are then
converted to digital signals by converter 864 which is also electrically
coupled to low power processor 870.

[0199] In one aspect, a digital accelerometer (such as one manufactured
by Analog Devices), may be implemented in place of accelerometer 850.
Various advantages may be achieved by using a digital accelerometer.
For example, because the signals the digital accelerometer would produce
signals already in digital format, the digital accelerometer could bypass
converter 864 and electrically couple to the low power microcontroller
870—in which case multiplexer 860 would no longer be required. Also,
the digital signal may be configured to turn itself on when detecting motion,
further conserving power. In addition, continuous step counting may be
implemented. The digital accelerometer may include a FIFO buffer to help
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signal process from Texas Instrunents. The hi gh power processor 880
perfornms the signal processing actions during the active state. These
actions, W 2eteat7edsearlier, require |arger anounts of cRCTArsRo0nes128 he idle
state-e.g., currents of 30 mA or nore, such as 50 mA or nore-and nay

i nclude, for exanple, actions such as scanning for conductively transmtted
signal s, processing conductively transmtted signals when received,

obt ai ni ng and/ OrcoH{rQIGtﬁéfFlbWQJf PRSI RYineabw GalRr pﬁic@ssdr@@leoTh%te{rféée' ver
may include a hardware accel erator nodule to process data signals. The

har dwar e accel erd@idMayoeriPeffereg iBehe ipF@neni é'd' iah ehictytige the diroesespbl e, a
DSP. Being a m)rrﬁa)ﬁ ﬁlgﬁleLe%ﬁg tGAHRNEH@R 1Y Hiidie state %dee%% tRSRSGL S of the

signal processi O%b orfthmwi th fewer transistors ss cost and power)
compared to t 2 eLgenppwer puiegasser B3P. MENebe] dok &xanplearatwdieP4ds be

used to "accel er r rt i S).
Sonme architect ur@él%fcg Pﬁlep \F/éarﬁef%ggg era@%@g ng&kb&ﬂ%gr %@?gﬁé@ﬁ%fgf’%i a
m cr ocode or VLIrWQWe&Qﬂ ynaintainshidecidler siateyf whisk ,ast hl‘ated tarliet,i reqsiremy be

accessed by cal lrﬁlm Hgﬁﬂlﬁﬁawl né;%?ﬁ%f 81,([9%0%]610%' 8 dvvare accel erator

(HM) nodul e conpri's s a i nput signal that
is to be procfa0djl aniibh psWemprtocemrfS@D rpaymbesmrmatﬂnm ianp0H569 gigida] and,

ocei ved | net UGG SIS (BT dREra By R dhAg O PRtE o gRsro 441

lr3 Iesu:(ti nggz} pg}p&ﬁbgg@ﬂhé@)gdae chbcwssmgltacﬁuSngﬁumagdaé dnyivarstdiédA ﬂfldéwt
oc rov ock di agram of a HWA modul e
according to onéCHAFR egh%ar{?{vé‘?ﬂq'@ﬂargﬁéagﬁ%% {ﬁtﬂﬂﬁnt %%93@&?1 is

coupl ed to procesgbng @l @@kerﬁ@@?—BW@!AC& MBres @ubh e F00uMét Bibre-Llapa 3003,
I nput bl ock3001 receives input signal 3001 and/or instructions 301 5. HWA

nodul e 300 may, MOWdQx H0fp| ANl eiAFHORS t $UHS RS ySEARAAC tPV eCHWHAIMANC at i on

signal fromthe thh%ﬁﬁ%d%lg%ﬁ%d%Bééé%n@oﬁﬁh'(ﬂu&l@élyoﬁar@ﬁ%@ sighilé Qiherf €CeI Ve
physi ol ogi cal data signals fromone or nore physiological sensing nodul es.

[0205] The HWA BeRIYRS, PRiRINIREG aNd/er RIPCasRINGBNYEIQPRiral #hiR. ielc] ude an A/ D

g?S:’f;lter L0 foRte" t ThBCrtelRR! b Mchie bahatii@! acddlerdBY MBERLYR @

process data signals. The hardware accelerator module may be
implemented instead of, for example, a DSP. Being a more specialized
computation unit, it performs aspects of the signal processing algorithm
with fewer transistors (less cost and power) compared to the more general
purpose DSP. The blocks of hardware may be used to “accelerate” the
performance of important specific function(s). Some architectures for
hardware accelerators may be “programmable” via microcode or VLIW
assembly. In the course of use, their functions may be accessed by calls
to function libraries.

[0203] The hardware accelerator (HWA) module comprises an HWA input
block to receive an input signal that is to be processed and instructions for
processing the input signal; and, an HWA processing block to process the
input signal according to the received instructions and to generate a
resulting output signal. The resulting output signal may be transmitted as
needed by an HWA output block.

[0204] FIG. 30 provides for a block diagram of a HWA module, according
to one aspect of the invention. As shown, input block 3001 is coupled to
processing block 3002 which is coupled to output block 3003. Input block
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i nput signal (e.g., froman A/ D converter or mcroprocessor). For exanple,
the HWA nodul e may be electrically coupled to an A/D converter and a

m cr opr ocwe=010/078E¥i Nng a state nmachine col |l ecting data @craskeog/obsiesn t he
A/ D converter. In another exanple, the hardware accel erator may be only
connected to the m croprocessor processing data as directed by the

m croprocessor. [0206] Instructions 301 5 may be, for exanple, received
froman inter na'so@‘?%éé"veseﬁp@f BRhalBO®I ¥nd/eF infd¥ruétidHsC@I. OFRBS Hoduld) one
aspect, the HWA nodul e shares nmenory with the m croprocessor (e.g., via
dual port menorB08r MayalRl exaORIe] FECRIS AeFansdpdy CoNtuAVENVOMBHNCE@X changes

data via a DVA Agidey dORb Thiddi) iReensl anhhaiBR0RoBRCaRRES, | nput

signal 301 0 accor |n to receiv nstructions 301 5. Functions such as a
DCO (di gital corieeeiye @hy&@@mlcalaiacba plgn@\sd:rqrmogemlmqj@ww@l@m@at gensingF| R
filter, CC deci j@n may be inplemented by such a hardware accel erator.

These functions are optimal for IEMrel ated signal processing, and are al so
appl i cabl e t o[QR&%%r alThpiigaseodide magaqeeied an analogrgigreaace inchaelarepeht , ECG

i gnal proce T i . e t Itn
outpat o onar - 509avSREbIBRaR thel QB = RS EIR R B el d B RES e
transmtted as rigmdsidnay(eag. Hdmaunt Al cdnverter GUABroprOE380r) Tirer bbdmmpiedul e
3000 may furt her is bI ock bl e/ di sabl,e power
o T wodul 6 5000, VA Mgl shdl DGR e £5u888 \nah B Bl Al R bobe
gower ed of f and midroppscessst] ihguihgch tsmté)madmmbcbcﬂléctlmg gatal cmgactltnerom @eX which

rives it, etc.

The transi tor ount re uj r 0 | e it is relatively
arml T (r oughl v ADBVERE. 16 Shele’ GABOR g SreR P Tk e o pover
drawn by the as&@ﬁh@ét@@inteWeyhbMBb@béssoTh@rob@éwrd@t@ta@,ebﬁ:é@é@rby $hd hus
capabl e of | ow power consunption. [0209] Also shown in FIG 8 is flash

menory 890 el ectPIFORIGPSEYupl ed to hi gh power processor 880. In one aspect,

fllash memory feyay iRgusliGit 0 takay OBl @dahple! Q&e@%&eﬁorﬂré}?‘ﬁﬁét‘hbl 870,
whi ch may provide for better power éfficiency. [0210] Wreless

commruni cat i on elefraaty, 8a®rnal NHEHAFY aréb/tauralatqpyw@éw edh one aspect, the
HWA module shares memory with the microprocessor (e.g., via dual port

memory or via a mux). In another aspect, the HWA module exchanges
data via a DMA port.

[0207] The HWA processing block 3002 processes input signal 3010
according to received instructions 3015. Functions such as a DCO (digital
controlled oscillator), DDC (digital down converter), FIR filter, CIC
decimation may be implemented by such a hardware accelerator. These
functions are optimal for |IEM-related signal processing, and are also
applicable to general purpose data acquisition, impedance measurement,
ECG signal processing (Hamilton and Tomkins), accelerometer, etc. The
resulting output signal 3020 that is generated by HWA processing block
3002 may be transmitted as needed by a HWA output block 3003.

[0208] The HWA module 3000 may further comprise an HWA power block
3030 to enable/disable power to HWA module 3000. For example, HWA
module 3000 may be configured to be powered off and on, or configured
to be disabled by gating the clock which drives it, etc. The transistor count
required to implement it is relatively small (roughly in the 10k to 100k gate
range) with most of the static power drawn by the associated
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to high power processor 880 and may include, for exanple, a BLUETOOTH(tm
W rel ess communi cation transceiver. In one aspect, wreless comunication
el enent 886 200/08bB6trically coupled to high power proceesdrusd®@9/068128 anot her
aspect, wireless comunication elenent 895 is electrically coupled to high
power processor 880 and | ow power processor 870. Furthernore, wreless
communi cation elenent 895 nmay be inplenented to have its own power supply

so that it may RfehdiyNRfer) FAE nafdwdrbdRBEBRRM! ishthiis @Eﬂ)éﬁlé‘%\‘ I pBReEeNt s of
the receiver-e.g., by a mcroprocessor. [0211] FIG 9 provides a view of a

bl ock di agram ofCORSYAREATe in a recei ver accor ding to an aspect of the

nvent i on 1 el a5yt O AidReSUH i FRAUEE s Horg MROTelebifoklyCoabled RO ST Ver

900 i ncl udes ece ver probes (for exanp e in t form s 911, 9
12 and 9 13) el duigh p@wer Preasaperedsd.o Imma psractr flashomemasy &Xomaydvee hi gh

pass filter 930 e"[’élﬁirc!a‘ﬂ ?I%gft‘o' |B§x‘/r e%/ﬁégrnﬁr%cé?és%}! &9 chﬁn&?’]@rﬁ%é%of Hlter

whi ch el i m nates anyo and Ci es n th a band
pass of 10 KHz thettenpcbww afticigmayvi ded to pass carrier Ssi gnal s falling within

i ted to 1020k, RS GoUh BRio FEERES S i o Sl iBa el P
addi tion, receiver h@gbO poner ugexeasal @$0t andi gndyal mclodeerfblere%ﬁplé ora

bt ocessed byt NeHETORE N Wrerss Soipiicatod” Baplehsp e S88%ni ch
sends the digi tadnreﬂsegrtaimmonud@tcbm@léménnmrsyelé@tﬁcallyecdaﬁ%d ibhegllbowet menory
access provides the ben the rest of the inin a

it of |
ow power mode. e, i nofher 2SRES wiHSiehs Bomeueicaien Slsiont o5 St at o

earlier, for ea@redttﬂsa(ﬂy‘é@npléﬁ@é Rightptvehipedtcesuvess of aﬁdll‘bknpﬁtﬂl/ertﬁr@@éésaﬁy be
cycl ed between active and inactive states accor di ngly. Al's for each

recei ver state, 8/8ri ouSURRRIBIONRr WAlelPSn£eMMTGRtian ~ element tSQﬁ dBR% , bSHower

domains within %P%ﬁﬁa‘i@éd toerﬁaQ/e)nsQJwrﬁpé\ﬁ&%u\b%fy Waﬁ?nﬁ?rﬁe‘ €@t £hd
i ndependent|y cycle fromon and off by the power supply nodule. Therefore,

the receiver ;ﬂffhﬁ\ﬂ@DGPCﬂqf‘é'NeHchémer RARRANGAE Pbrthedepeikeatedt obuchi eve
power effici encymC,%%F?ﬁeg%,ance FIG 29 shows the receiver to have idle and

active states-e e state 110, sniff state 130,
[0211] FIG. 9 provides a view of a block diagram of hardware in a receiver

according to an aspect of the invention related to the high frequency signal
chain. In FIG. 9, receiver 900 includes receiver probes (for example in the
form of electrodes 911, 912 and 913) electrically coupled to multiplexer
920. Also shown are high pass filter 930 and low pass filter 940 to provide
for a band pass filter which eliminates any out-of-band frequencies. In the
aspect shown, a band pass of 10 KHz to 34 KHz is provided to pass
carrier signals falling within the frequency band. Example carrier
frequencies may include, but are not limited to, 12.5 KHz and 20 KHz.
One or more carriers may be present. In addition, receiver 900 includes
analog to digital converter 950—for example, sampling at 500 KHz. The
digital signal can thereafter be processed by the DSP. Shown in this
aspect is DMA to DSP unit 960 which sends the digital signal to dedicated
memory for the DSP. The direct memory access provides the benefit of
allowing the rest of the DSP to remain in a low power mode.

Example configurations for various states
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denodul ate and decode state 140, collect ECG and accel eroneter state 120,
and transm ssion state 160). It should be noted that as stated earlier, the
beacon siyoabiomosube may i npl ement various types of sni PCTAISQIwal06812%

achi eve | ow power efficiency, thus the sniff state has been grouped as an
inactive state for the foll ow ng exanple. [0213] Wth the states shown in
FIG 29 in mnd, the foll ow ng paragraphs provi de exanpl e configurations of
recei ver conponents shown in FIG 8 during various states of the receiver,

according to gE2psPaGtsibd iBRiek, %?@hé:ﬁ)FbceNer shea!l e PRyHHPBSIREStIRG bR hat
alternative configurations may be | nmplemented depending on the desired

appl i cation. [O0Xiopk may baeydeaPetwern ackee Ae Klaghye slalaisaaePilingly. 8lser ent .
R 800
ecei ver 'S {60 dkﬁ%ﬁ?@ﬁi%ﬁ%b@@&fﬂ%ﬁﬁ%ﬁ@enﬁrﬁ§ a8y R:ugg%édks?‘.n

i nactive state (suc S power  processor ¢ iIs’in an
inactive state (Rowehdamaingl withn aregesseneta) eicaiecebleschay belcanigiredto

per fpheral oi rcYiddutnRntlyl BSLE_PONCLySURR! oF ol SAYT SR UTAAG MBS

active states renmin Wi r el nica
and the anal og f‘ﬁ’rmrﬂfomd)e reléeweexmnymaae differehtaxonfguations foc esslostat@mio have a

Cnctuding 0. 5 mAcRTp e Wi dRer? PR Thidhee” i P8 bRt estiEsls 670
nay, }‘or_ eﬁ?nglema)\(/?/aloﬂe fand aa@u;gnaﬂatdse—é ganklerstaie an?ﬁgquff/&taﬁﬁgrgoeghg
one of the devi B oty sitahBde S 148! BB Ec B iahgephetsieg Y

processor’'s idl e28t atetrahdraishiogRtaeWs0). nt@mm@@é NG, thbiods g&mmaeuerbe
running off a 32 KHz watch c

r power processor, nay,
exanpl 6, wait fdheBe @?%ggn%'ﬁ?ﬁ%m%' B Rbocs BiogS (5 30k SRR 4 he
receiver is in theiesBidG pdivat BificleR¥y, RAUE thePsriE eRS®had BBeh Grdupedrasi4i € state
and hi gh power processor 880 is in an idle state. In addition, the circuit

bl ocks rel ati ng iRactive staigtar doe foHewindexamplel udi ng A/ D converter that is
needed for theAalff vihek KRe@sRoRR ik FIG SR miMer ﬂq% foil&ﬁlna'pﬂlfﬂagjréﬁ%ency

signal chain). As stated earlier, the beacon si gnal nodul e may | ement
vari ous types ofPreyide ﬁxgmgkeaq:@flgbraé@m &l eqaingr ROMONENTS| F10MACKN, Flgﬁa] Upon

detection of a t§AR§MdrioGE sth@Babn 1R RIARRY, REWFGingSBPEME BisBect of the

invention. It should be understood that alternative configurations may be
implemented depending on the desired application.

[0214] In the state 110 the receiver draws minimal current. Receiver 800
is configured such that low power processor 870 is in an inactive state
(such as idle state) and high power processor 880 is in an inactive state
(such as idle state), and circuit blocks related to peripheral circuitry and
their power supplies required during various active states remain off (for
example, wireless communication module 895 and the analog front end).
For example, the low power processor may have a 32 KHz oscillator active
and may consume a few pA current or less, including 0.5 pA or less. In
the idle state, the low power processor 870 may, for example, wait for a
signal to transfer to an active state. The signal might be external such as
an interrupt or internally generated by one of the device's peripherals, such
as a timer. During the high power processor’s idle state, the high power
processor may, for example, be running off a 32 KHz watch crystal. The
high power processor may, for example, wait for a signal to transfer to
active state.
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and decode state may be entered. Wien the receiver is in the denodul ate and
decode state, |ow power processor 870 is in an active state and hi gh power
processorwB&010/@5i18 an active state. H gh power process®ecTABomys12$ or
exanpl e, be running froma 12 MHz or near crystal oscillator with a

PLL- based clock nmultiplier giving the device a 108 Miz cl ock speed. The | ow
power processor 870 may, for exanple, run off an internal R C oscillator in

the range of jodfisy t QU MeZeBdlfeCians U s eRate] IBW iSvdradtesesbr 878 id © 300
UA per MHz cl ock Speed during active states. The active state allows for

processing and ahyan iokh§Hte ANGnBIgh HRAWaTERrOPeII0H\WEORE Ak ddle reidieni ¥%5i ons
may trigger the jlishefw ﬁﬂﬂiﬁmbgﬁ feRlingRE the glco?yl‘l%rﬁ éﬁoofﬁbﬁtsd[ngt/@/tpn-

[0217] When the recelver Isin ¢ ect ECG an el eronet er te, the
circuit blocks reehygrigighaioistieedad del Wemndf &mction At oECB ethghwrdseofit t i oni ng
chain are on. T i SO [ Sadi L d-dl ring
col | ection, andm?%mg%ahaeﬁa?&ragn%{ gﬁ%ﬁ)(f'{\)sr §%>?eéjn%?%& ?ﬁl}an%%]dgqfsﬁ%ﬁn%l Zﬁ@% or
near crystal oscndy amplenment hvegioRt Ltybeseaf ehitickignalbt ioplackievgilowngowbe devi ce
a 108 MHz cl ock SPSSS during processing and transm ssion. The | ow power
processor 870 is ih an active state during this state and may run off an
internal R C {0216] | atUponidetddtien rohageansmitiedviignalp a 2(ighdrpoard demosiulate power

in the range of 250 to 300 uA per Mz clock speed. .Additipnal states for
Lhe recerver [oFnBePRIS as ek B Fisieds MescREFecsier i o SRmpelhf
recei ver cycl es dpetdweede istte landhondripvécestat 87 istiheinr giee \selte a@Y higrcl ude
ot her states of operation. Receiv i a stora

Vers ma%/ i ncl u%e 8e staég for

exanpl e, exhi bi tHOME" "AFERSL I '8 B} 3R AT VEr &P of ! ORI OpesSer Q:E‘ﬁ‘y_as 1 m
or less and i ncligdexmble lb&Muding @t al T2 M€z 6F AB&JEryStaRbecilldier Warel ver may
be configured, for exanple, so that the | ow power é)rocessor isinan idle

state, the hi gh énasepidrayadipliies ghfing therievinerrd 08 M5 dlack epeasenthe such as

_Ci rcuit bl ocks rl&haédvﬁ‘& RDcB&Sdr PERY %aﬁiﬁbFLExTah%blé]e%e@ffdéHiiﬁk@rr@t#{-‘@ states
is off. FIG 29 illustrates a storage state 170 for a receiver. The

recei ver may be OsEHaWr in dhredigeodh & Midartagd Mzt and goasumem POWEF dyéhest at e
oot BhLSLYS) 1380\ o8 Hhi2Bed. Sppselan] Rl et o
recei ver (for active state allows for processing and any transmissions that may follow.
Required transmissions may trigger the wireless communication module to
cycle from off to on.
[0217] When the receiver is in collect ECG and accelerometer state, the
circuit blocks relating to the accelerometer and/or ECG signal conditioning
chain are on. The high power processor 880 is in an in idle state during
collection, and in an active state (for example, running from a 12 MHz or
near crystal oscillator with a PLL-based clock multiplier giving the device a
108 MHz clock speed) during processing and transmission. The low
power processor 870 is in an active state during this state and may run off
an internal R-C oscillator in the range of 1 MHz to 20 MHz and consume

power in the range of 250 to 300 uA per MHz clock speed.

Additional states for the receiver

[0218] In addition to the states of operation where the receiver cycles
between idle and active states, the receiver may include other states of
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exanpl e by pressing an "on" button or renoving a tab fromthe receiver) or
in response to an "on" signal transmtted to the receiver. As shown in FIG
1, the reweizomvo7aEy transition from storage state 170 i RCO/UBR0VObE2ST at e
110. [0219] Receivers nmay al so be configured to include a charging state,
as shown in FIG 29 as charging state 150. Wen the receiver is in the
charging state, only the |ow power processor is on, for exanple in an idle

state. The circlgerdliofChsedeRle?d MG ik@udd'g sﬂﬂﬁ@é sﬁt@ﬁbb’e@mélbeeiﬁlkﬂfhd)omr
processor and al| peripherals are turned off. [0220] Receivers may al so be

configured to ifcNaWelow CuE@Engrow ©h1§tla%é>r1|66& suedr as datld amiesseand _
transmtted to Wﬂcﬂﬁ%fd ?M t&elés%ce'lxe{hea Eﬁé & t #ﬁ&%h %?%e devi ce,
protoco

for exanple by using rel ess connunlca power
processor is in canfigqeed,yorsdhahmle, tmmarWhpdmrpqweﬂcme@ssor ds iim amdm:ti ve

N1 NN, O N

configured to i nrgtuidBloaks Eblm@tmé?@'he&ﬂ alréuitry Reéddt agmpadive sadses the
receiver may test the o é)eratl on of one or nore functions of_the receiver,

e.g., signal red¥ vily, 2HHYSrYLBG %taTag&aﬁtéteob@afq{r?eFﬁceé’ﬁ&/ oepeGewssi ng,
etc., to determmg WbebRSHoldiLirémnCsbrRIve A4 BRI Adh- ﬁgrefg@rgf% &g 1 y. The

recei ver may further be configured to report to a use ., Vvia a signal
(whi ch may be ad@idVaietyiof iagu S,r%'ogy@:%jatléreﬁeiemmdo%f\fﬂie@@e @t an )aPPF%d results

of the test. Forgigx@Plesy. MRshER& ¥Eh MERY ‘?n i tlﬁﬂn’f HeOrebBREY kot O @

user that all functl ons ‘are operating norma ere I's a problem
Wi th one or nor &XEMRE PYOPESSING agoaR" @gm(,qrsgempwégraet@bfr@mthprraqurb ehs into

and out of a diag thf}osér?t&"%%%%méﬁyniﬁé’dgilfhfe%@éf\t/er' MU BwrSHEIGas a
e (for exanple as provi

pr edet er mi ned sche receiver progranmm ng) or
appl i ed sti mul usl, theuchkeisisr ey trandition tbionatorage staidil cairtoanidlea sée it &0.

e PO B PGSBS LR AZ8EL aROEoh N REY B1RSFAS By pFashoun I
communi cat e w t isheaahinofler29uas rpagging ctate erbioe ntVieonthenrecatveoris pr dieocol . I n
soe instances, 4656 SR, ShiRENSw pHARR PRI s ROMPBLARIS A lysach Via
a serial

state. The circuit blocks relating to the power supply of the high power

processor and all peripherals are turned off.

[0220] Receivers may also be configured to include a transmission state

160, where data may be transmitted to and/or from the receiver and

another extra-corporeal device, for example by using a wireless

communication protocol. The high power processor is in an active state,

the low power processor is in an active state, and other receiver elements

such as circuit blocks related to the wireless communication module are

on.

[0221] Receivers may also be configured to include a "diagnostics" state.

In a diagnostics state, the receiver may test the operation of one or more

functions of the receiver, e.g., signal receiving, physiological data

obtainment and/or processing, etc., to determine whether the functions are

being performed correctly. The receiver may further be configured to

report to a user, e.g., via a signal (which may be audible, visual, relayed to

a third device, etc.) the results of the test. For example, the receiver may

be configured to report to a user that all functions are operating normally,
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peri pheral interface bus (hereinafter "SPl bus"). The foll ow ng description
descri bes the signaling and nessagi ng schene i nplenented to allow the high
power prosexswo7and | ow power processor to comuni cate a0/ Send/osEgsages
back and forth along the SPI bus. For the follow ng description of the
cormuni cation between t he processors, "LPP'" and "HPP" are used in place of
"l ow power processor” and "high power processor”, respectively, to stay

consi stent W th drligat BereTiden Qfo‘iﬁéiﬁ%mnoné"e?/%\b@é ,fuﬁé!ﬁ&sn@pm ¥oie £bBeis,
processors than those shown in FIG 8. [0223] The interface is configured

so the LPP is tHee ieeaiear tangitions iporand othel g1 diggnostingl stale acealdingstarri ven
only by the LPP fitdignt HgitdPRchaRs 08! YrebieRRA dt Qcﬁ Ie'-'i’ﬁrvé%n-tﬁﬁe 35,0

Furthernmore, SPI requires that the HPP respon iate

the LPP sends datrevigemioy rﬁecemeppr@amfnlrmuqrua@ghed)stlmwésdmc ,astdesarivgte data
are lost. The si ing and nessagi ng configuration for the interface is
descri bed bel ow, according to one aspect of the invention, in order to
overcone these limtations. Signaling [0224] To overcone the limts

descri bed above, three "out of band"” signals are inplenmented in the

si gnal i ng p@@mﬁﬁmcanaﬁhe.al%?ahaén@rreramtteﬁa&éBn's'; signal that it can assert

and de-assert e Bl frve csof e GOMVISRNshavn (1 &1t 85 hed@igH 0225]
For the LPP t([) segd datea e.g. r%}oc_l ni '?I gt ed messagnes) to t)ae HPPq the LPP

asserts its LPP PRIMGERIACERSEi (§i8al DSPhowBin flk 18 YUWPCPmWHé'CEPPNWe%@hds by
asserting the HefGragg ﬁh)ggéhvenTéHt%oﬁﬂﬁ&Hu@a?uohﬂ?rbto%BEhln%??ﬁ% ﬁg@c{e«gady for

the SPI transaction and are S point, . I's able to
recei ve nmessageshégeoiwa Bemaris, wihercgrasent |gpmmantaiet with eeeh wig BRRriahi ti at ed

rossages THom Bl HUEREIHARERSRPLE TR B

nmessages. The H emal ns “on s LPP
Attention si gnaldesﬂ'm‘mesHﬁé’ sngiftapoglasdtlmstslagmgcmaemerimptwnej’eeﬁaseHQvi/ e its HPP

e s e abil o 195 b8y Bbessbl fpd o ivHERRkET 1 SRR BRI po ' &
then di sabl ed fmosssageebackngnd i alotg ticeSP INmss ag@dhe fdllowiny descapton t he

Syst em responds g Dol IR RIRBIREo thE YRlooRlort N rP- 9P APRYrd fied Ve o

in place of “low power processor” and “high power processor”,
respectively, to stay consistent with FIG. 8. The discussion, however, may
apply to other processors than those shown in FIG. 8.

[0223] The interface is configured so the LPP is the master and the HPP is
the slave, and the link is driven only by the LPP side. The HPP can only
respond to the LPP via SPI. Furthermore, SPI requires that the HPP
respond immediately to the LPP. If the LPP sends data and the HPP is
not waiting for the data, then the data are lost. The signaling and
messaging configuration for the interface is described below, according to

one aspect of the invention, in order to overcome these limitations.

Signaling
[0224] To overcome the limits described above, three "out of band" signals
are implemented in the signaling protocol. The LPP has an "Attention"
signal that it can assert and de-assert, and the HPP has an "Attention" and
a "Grant" signal.
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the system sees the signal asserted as a request for action and the system
| ooks at the level of that signal as an indicator of continuing action.
Because tweo 2pPR76neés not need to do anything until the PPPUss@et&828ts LPP
Attention signal, the HPP may enter into a | ow power idle state. In such
case, the LPP Attention signal not only requests the SPI link but also
wakes up the HPP. [0226] For the HPP to send data (e.g., HPP-initiated

”ES_Sa_geS) to [dﬁ?s!PPFoF e IIPP & S8hE Jdtd ?e.'d'.?ﬂ.lﬁbiirﬁﬁﬁtb@ﬂnési@ é&)- tol e assert
notifies the LPP that the HPP has data. The assert of the HPP Attention

signal is what alRFtBetRE agsprts sl Rfhetieriioasignal. dithemwaitppniithe RFon
signal. The HPP Ve ; f L I l it
again. Once the rﬁ%lgﬁ]gge atsﬁgﬂﬂé’liﬁéAFF reelrplk?l?dgﬁggﬁglha agg%rr%éegfa? :B'? ﬁl\?\??‘%

event ual | y respadie regdyf ior thenShy trapsagion éind e data; arerestr etjulhisepaint thehat t he

LPP respond | mﬁ-ﬂilﬁtig%ﬁte {drdcBlve r%@é?aglelstfr(érﬁ tﬁ@l%ﬁ.h‘?f é‘ﬁ?e‘?ﬁllﬁ/i ofd }6 he
signal that matters. € system never -1 00ks at the ongoing level of that
si gnal . Messagi nigeceiy@RPRiinidaied usessafes fremnthstldiP, shati@Pdieshemandded of t he

SPI bus, the HPP Ve t P L "

guestion of the rﬁ%g\?e Pﬁbdp@%%a?ﬁgses%gggeﬁgtl-gﬁfﬁ%ﬁvggnﬁ égﬁﬁgﬂﬁér e@ﬂfgf\es, t he
above signal i ng LR dplassentd ésl LPRP Atiedtiomadigeal. Wenh HPRorasppeds af thieeslsagi ng,
as descri bed bel ow.

[[0228] For. LPP-initiated. nmess . to.the HPR _case 1)
Sbove my be omposbdY: G BN AS 4ges BN HigRRD At fhiss RS BPR i e ages
never requires anaRponecivesfegRaghbs diont it HPP. Sivee eabd il ecdsdasbPR- may be

t he comnmand, "Progcess this ECG'. A sage ||s, the HPP to expect ECG data
and then the LPBTCERALNERSaaRT oo ThEs g0 L ER s FisgbleA BTSN o  he

HPP. Anot her examp-gitiagsy P\%S%F’g the thiPRagseNghe &ystamassbnde tb ot tel ling
it to go sniff for transmtted | EM signals. [0229] For HPP-initiated

nmessagi ng, the rAP38eRELIHBIse! Be jsianalsy ang] hetlevels thatesalyes. MPBRCHASISi sh thi s

direction of conRainisRi QBes GRS Sighal AAR¥ARed asUa@qlibstt Rl adiiBR 4fP it query
the HPP for a message. Before the HPP asserts the HPP attention signal, it

prepares the quéy§termipeksrat thgdeyal okthat sigaaligsran indicatar &f CoREwEgeICclion. t hat it

can i mmedi at el y gLspanthd APPodshiot need to do anything until the LPP asserts its
LPP Attention signal, the HPP may enter into a low power idle state. In
such case, the LPP Attention signal not only requests the SPI link but also
wakes up the HPP.

[0226] For the HPP to send data (e.g., HPP-initiated messages) to the

LPP, the HPP asserts its HPP Attention signal. The assert notifies the
LPP that the HPP has data. The assert of the HPP Attention signal is
what alerts the LPP, not the de-assert of the HPP Attention signal. The
HPP need only de-assert this signal before it can assert it again. Once the
LPP sees the HPP Attention signal asserted, it will eventually respond by
following 1) above. There is no requirement that the LPP respond
immediately. In this case, it is only the assertion of the signal that matters.
The system never looks at the ongoing level of that signal.

Messaging:
[0227] Because of the master/slave designation of the SPI bus, the HPP
can only respond to a LPP message. It cannot ask a question of the LPP.
In order to enable data flow in both directions, the above signaling is
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The LPP sends a series of nessages to get the query fromthe HPP. The LPP
asks for the query length, and does so by sending a "query |ength" nessage
to the HRPO 20t007ERP t hen uses that |length to request theCHRRBRIWLLEARE
nmessage. Because the LPP asks for the query length, the LPP knows exactly
how nmuch data to pull fromthe HPP. The LPP answers the HPP's "question" by
sendi ng a query response nessage to the HPP. Wth the HPP inplenented to

have only one Oliﬁﬁfeﬂ{éﬂﬂéwlrﬂé&h}éln@ﬁo@vﬁﬂh”ﬁ/o tyTpeng?ViﬁesIs%g%E%@tdésBi@ed
response. [0230] It should also be pointed out that fo e above sequence,

the LPP al ways |85 exactly how nuch data to pull fromthe HPP because it
"clocks" the 281' n'Fgr L R IR Pnes'sé%/ésh{ost PI@‘Pt 1ca9@gﬁ“§k?o\;ehﬁma§r% al ways

asks the ques e HPP 1s al S ready to res d to any question
fromthe LPP, t renphPrRd © sand massagesdedhe ¢1RA. w§9§ C@@&S @fH@eS%ﬁ%SWGV@hgt h"

e R s o

error detection a corre
Fl et cher checksu®the gommana, "BecessibissECat.r ) message deltsdtie rfiFhtoeexpect

detection, for n i t

pill sniff, et C@Gﬁﬁaﬂgﬁv%&ﬁ%&ﬁ%ﬁe& §§%nseﬁrﬁettsi @%%%sag‘%? icﬁéﬁgaéi“%] above

is conpl ete. ThiECG slatarfmotheadPPbetraniiser déxaenpdléMayalye dibrche &RPesandsveni | e t he
HPP saw correct data. etion ve that is the

T kot cagonifand b g HEPelRER S boRhiler g ibe Rl & oba

Pos: t:j oni n% szeb | n ( E85HPWhitiated ﬁ%@%&g@cme\mégagés tghl%thsn}remgmte maé

i nclude a oba tion st nodul e S use

herein are nodull '%%E?’hat-'%r%@m%sg%%gr%d%mgﬁﬁ?ﬂ@@'%ﬁp %@I%% YAY System
of satellites andedabesmmeLBraar add HPPCRY iz0Mes CB@W@'H@@HP@DS

nodul e may be enpl o;t/ed RECEI VER FI GURATI ONS [ 0233] Body-associ ate

nmedi cal devi ces a§PeihitnertdRl aftpriqigrionatihrieramsiae aday infepnaitabee fevi ces.

I n external aspegbs.initdi&d rn‘i‘&&b%@)r sb 5‘Irhﬁxit hN GmntBai é@%‘l\kcr@sﬂ)&dmﬁme Lbat the
device is present outside of t uring use. ere the receivers are

ot el - Ther Hap RE bomts ayE s ol Mesenonh Huasi teh aurist thediebe 116 cert ai n
PaReE Y an " LRI B 0oRocATRORAUeds Sl Gy Eobl8yStidh
message to the HPP. The LPP then uses that length to request the HPP-
initiated message. Because the LPP asks for the query length, the LPP
knows exactly how much data to pull from the HPP. The LPP answers the
HPP's “question” by sending a query response message to the HPP. With
the HPP implemented to have only one outstanding query at a time, it
knows to expect this response.
[0230] It should also be pointed out that for the above sequence, the LPP
always knows exactly how much data to pull from the HPP because it
"clocks" the SPI link. Furthermore, in this aspect, because the LPP always
asks the questions and the HPP is always ready to respond to any
question from the LPP, the HPP is not guaranteed to always get the “query
length” message from the LPP when it wants to send a query.
[0231] In one aspect, error detection and correction may be implemented,
e.g., by using a Fletcher checksum algorithm. Because a retry is executed
upon error detection, for any messages that require an action to be taken
(such as pill sniff, etc.), that action is not taken until the entire case 1)
above is complete. This is important because the LPP may detect an error
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external receivers are configured to be contacted with a topical skin

| ocati on of a subject. Configurations of interest include, but are not
limted two 2pekchES, wist bands, jewelry (such as wat clr€3/USe@0/065819% and
bracel ets), clothing, accessories, e.g., belts and shoes, eyegl asses, etc.
In sonme instances, the receivers are configured to adhere to a skin

| ocation, e.g., by use of suitable adhesive, such as described below In

Sorme |nstances WHIR thE HEPY 84 cairscteRid.| B4y #d éo%ﬂ&%kbf%a%'ﬂ‘ab&@t‘hbpn but
not adhere thereto for exanple where the device is configured as a wi st

band, an item ofs il gcknoudadageeat ahearrpletgrangooriesdaiadraasmissiont et ), an
article of clothing, an accessory, such as a belt and a shoe, and a pair of
eyegl asses. In yet other instances, the receivers may be configured to be
mai nt ai ned Globai PositinningiSystemd GRS Mastée of a skin surface, such as within 1
cm i ncl udi ng[QA32hi nF{ecalvermof[tlm@Mpnmqn ey ingiluteas pdaltas PositieningSysteer is an

i npl antabl e co t t i i
designed, i.e mcw'%%ﬂd T&’ %tulggﬁqfen% Eaagesu(gcjjbrel%,ma\e(%?é,l%on a
seni - per manent  signaés frametite Waﬂs Hasltlohmgeswpmcots satehitesr eneidetgrmie i n vi vo

i ntgi - funct | SREPEYCANER By B oI el e R a ey et *°

including a high salt, high humdity environnent found |n5|de of a body,
for two or nore days, such as about one week or |onger, about four weeks or
| onger, about six nonths or |onger, about one year or |onger, e.g., about
five years or longer. In certain aspects, the inplantable receivers are
confi gur ed BECENERPANAMGYRATENSONal ity when inplanted at a physiological site

for a period [(ﬁé@l”?gfog ?&gevengﬁcélodé’\ﬁc?éét ofiir%‘rfe)ét Yiedtl .BStP %ng“hr such

as from about years or | onger i NC or a
peri od rangi ng fandnnmltmsmable ejavrces aﬂra)let(terma‘lt@pgetar thecrecelmerglerex Feo, by

i npl ant abl e asp iSh i trg HEREI 1 Y o Fs? Y Int'h rgod ﬁ gcl udi ng
but not limited to° éap et e 3 H 9 may be
configured to baNpéracek Ich@.VGEI’ErTb.EH e)derdalffteemmayobat cmﬂgur@i dn, ayhe
abdonen, small of the hack

onoraror e e gonidieaRanng WherS Tn Féindln; ahetls: el BB detfofirB b di ver
a standal one dedseéciatetl ithed detirdtse BRih Ipdnidhcald yushonnestfd aspe@syhadt her

type of inplant ae%e?na eyelc%ﬁ/ersl rrllre configured to be contacted with a topical skin
location of a subject. Configurations of interest include, but are not limited
to: patches, wrist bands, jewelry (such as waiches, earrings and
bracelets), clothing, accessories, e.g., belts and shoes, eyeglasses, etc.
In some instances, the receivers are configured to adhere to a skin
location, e.g., by use of suitable adhesive, such as described below. In
some instances, the receivers are configured to touch a skin location but
not adhere thereto, for example where the device is configured as a wrist
band, an item of jewelry (such as a watch, an earring and a bracelet), an
article of clothing, an accessory, such as a belt and a shoe, and a pair of
eyeglasses. In yet other instances, the receivers may be configured to be
maintained within some defined distance of a skin surface, such as within

1 cm, including within 0.5 cm.
[0234] In certain aspects, the receiver is an implantable component. By
implantable is meant that the receiver is designed, i.e., configured, for

implantation into a subject, e.g., on a semi-permanent or permanent basis.
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yet other aspects, the receiver may be physically coupled to a second

i npl antabl e device, e.g., a device which serves as a platformfor one or
nore physwol2zogiwoalissensors, where the device nmay be a | eaujusseelecs1ss a
cardi ovascul ar |l ead, where in certain of these aspects the cardi ovascul ar
| ead i ncludes one or nore distinct physiological sensors, e.g., where the
lead is a multi-sensor lead (MSL). Inplantable devices of interest further

i nclude, but arennRésd hepdces the: rebéméra@t abligo raahﬁg @@nesytlﬂgﬁan(&mg is 1CDs),
neurosti mul at or devi ces, inplantable E@Jecor ders, etc Recei vers may

i ncl ude a si gnalmeaiﬁethﬁtefheer%@fs whe (S:I‘?n rgedot @amé%’élw@ctloﬁ@“t&fdﬁréﬁfttl vely
transmtted signpbsersirh pﬂz siflo |'09I virBAMERE thdRai ﬁdqa'hfb?ﬁédltf hifh Rimidky

i ngesti bl e event marker. recei ver I nc rlet of
di fferent types esvirgimgenil four@d:mswherofea eagntfer t\l\m@l’r @otheaymisuele a@fablohb

receiver el e”enton@e\?@?l?%rr'lb gde‘[fa%bSEt %%P‘?/{lefgk?gorof&np@re e{b%h'r”sg Rion%tﬁeoﬁ' gnal

produced by the signal gener ion el ene n certarn aspe si gnal
recei ver el emantlonmy Abaltuaiee gear or Icmgee elgecabauﬂés/efmarsi@trdongerg #i gnal

ermitted by the SEAnnl (G808 Ao ShATBA 0@l AR MhyBluaOLE SRR C0e",

three or nore el in eceiverdevice wll
be provided wt humomona)lrty twhereingdl&@ted eades physidlogica sllestmeraﬁeln@d raQingg

distancefrome ch oth nce all ows the tect a
Gi £t aronti b vor i B00FianedP it S0RN Bl o 8es" Fuch &5 HaR Fb BE  Fanges
from0.1 cmto kbduisevsheh yéérsOOrlldnge5 an ingludingaor & peticd Zarfgitgnfrowher e t he
distance 1 cmin sone |nsta$nce?5 [yO é An exanpl e of an external signal

avt Bty YR, 8

recei ver aspect HPUL 1§ 1 {onggr- s AR MARERRIS asgecty) &e 10

shows receiver Y88&vdrhabyiaveoahy goneshidrd drapp! awadin bah nexlisieal tot opi cal
| ocation of a subject, such as a chest area. The recelver includes an upper

housi ng pl ate 1@39@J|€§Uéﬁe%sd'$ﬁa§h%@df alsr | T ©wgeiveomay RAUFEIBHEETSI Baver i ¢

material), and iggdeddrs ﬁurﬂBM'cﬁlﬁer@ﬁpro%ﬁdrE' %go%éaéddgﬂwelﬁughgﬂ @0 and a
status identifier LED 1030, which may be used to relay to an observer that

the receiver is bagleriouiler (Manvarg BIBNERDY pylse GpBFALAre A HItaced) 81020 can
be manual |y mn'lﬁ&hﬂéﬁ‘?m@%n&ﬁﬁé‘%ﬁéc‘?@ thd'fe e%?'lé’ﬁrstéfr{d%@n% RIVRLAREhgPde to a

nonst orage m)de.. . receiver 1s In the st orage m)de anmcro
control |l er of thtelsmct@hvmaltyv@pnnemdrto|amyaoth@vxtyaatoylmylah@bbecdewge.strate at

al | yet other aspects, the receiver may be physically coupled to a second
implantable device, e.g., a device which serves as a platform for one or
more physiological sensors, where the device may be a lead, such as a
cardiovascular lead, where in certain of these aspects the cardiovascular
lead includes one or more distinct physiological sensors, e.g., where the
lead is a multi-sensor lead (MSL). Implantable devices of interest further
include, but are not limited to: implantable pulse generators (e.g., ICDs),
neurostimulator devices, implantable loop recorders, etc.

[0235] Receivers may include a signal receiver element which serves to
receive the conductively transmitted signal, such as a signal emitted by an
identifier of an ingestible event marker. The signal receiver may include a
variety of different types of signal receiver elements, where the nature of
the receiver element necessarily varies depending on the nature of the
signal produced by the signal generation element. In certain aspects, the
signal receiver element may include one or more electrodes for detecting
signal emitted by the signal generation element, such as two or more
electrodes, three or more electrodes, etc. In certain aspects, the receiver
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times to process input fromthe on/off button, and the digital signal
processor (DSP) of the receiver powered off. Wen the on/off button is

depr essedwbDaotun7miidn t he receiver, the m cro-controll er PdgAlSCUO6828 he

i nput and powers the DSP into its idle state. Wiile in storage node, the
device may draw | ess than 10 mA, including 5 mA of current or |ess, such as
1 mMAor less and including 0.1 mA or less.. This configuration enables the

device to remai yeRicedkifdeSirolibas mﬁlﬂ"f@/\)éscﬂ'ftweebé\b&t%dés| thfatear'efd|§|éé?§&ﬂjaf or one
nmont h (assum ng the presence of a 250 mAH battery). Such a button may al so

be enpl oyed for SeMeetistange tirasm Lackqihery afbis distanes afiows the glegigdese tenpl oyed
to instruct the gy 'é’%ffér@nt?é?t\%ltag@erEl'ﬁéndlétké%é Rhy trya ahd |ﬁdéErtta'irﬁn or

alternatlvely, such a button ma t o manual Instruct t
receiver to tr arﬂ§ﬂ@¢t3d&mqe3tf6>fﬁ@0‘t h@rtod‘e@ﬁbéucm @3 7] tod Gm BUChe8\W. Yt an

expl oded vi ew of2$gr¢] ﬁvﬂgfe’ Mgrdlss‘[%\@m [¥s| "":%&“f%'%ﬁ, Apgshown in FIG 11,

recei ver 1000 inc¢ludées up housing p rechargeable battery
1100, integraf@36¢i r Aoi exanm@@rh@ntenemal, signal rleoewemamm@ feicaiver 0fl30.

Che. bat tary and AR5 B8R PG cBhparien ) THobS aahoTa2at0e el f o7

the battery and’i Cl reui rrpon uid
ti ght housi ng. \bhfigurad $<map dladed ort anaxxtemai topicall Ibcattonadfead sulsjagt, soctveni ent

mat i ng schene may be enpl o suchth the to nd bottom S|n pl at es
T oy et B heR TR e BEGHoLEGuARS Sn o R Rel MR RR B TS IR D Pt e
adhesi ve, may bgaswahyl’d% fhbl@t&itétﬁfronea%wtéﬂ/emmermsmatr‘;eq’ales,, arhdlenc&Jd@eter IA| cal
conponents my e no 1 nt 1 or tto ousli n SO
S A JEaTBI epieRG o POR SRR FPR: 920 ah B Sa R HPatEr TBR) g

i ncl udes conductiigge, shiths mb¥4e tged 14 Jelaphioc bin Siusdﬁ/eﬁQhMeth@Sre%bﬁéi ide
contacts with the bod durllgaglyrecel ver use. In the receiver, studs 1141 to

1143 are in el ed)cpﬁ‘f%'ﬁg cMap darressinie ogeratien LitPR LiOR0 GaRpRm BIANUaY 0. . g.

via wires or ot hginig@aeClol ¥8ndIRSH S ré&hRf| RérRda WhdrBgé NRodPRETa RS Ng
1010. In one instance, upper housing plate 10 10 incl udes conductive

menber s confi gurséiage medei VWhenuhe necaivet ds 1n 48e cyafadedmogeiar BiCTenot
shown) which in cTonr ro‘?!ﬁf?eg@'v@PHf'y GahafrPRANE W &’ur\%tcggbgﬁtlw‘%t%%é %ﬂem ve

circuit conponent 1 rovi des an ex Vi ew O
patch 1140. Adhéﬂ;nQSetQJa:tr@@smm@»Ut onudee eppiérouitondsandlthel digitaizignatl 1143,

as processor (DSP) of the receiver powered off. When the on/off button is
depressed to turn on the receiver, the micro-controller de-bounces the
input and powers the DSP into its idle state. While in storage mode, the
device may draw less than 10 A, including 5 uA of current or less, such
as 1 pA or less and including 0.1uA or less.. This configuration enables
the device to remain at greater than 90% useful battery life if stored for
one month (assuming the presence of a 250 mAH battery). Such a button
may also be employed for other functions. For example, such a button
may be employed to instruct the receiver to obtain certain types of data. In
addition or alternatively, such a button may be employed to manually
instruct the receiver to transfer data to another device.

[0237] FIG. 11 provides an exploded view of the receiver shown in FIG.
10. As shown in FIG. 11, receiver 1000 includes upper housing plate
1010, rechargeable battery 1100, integrated circuit component 1120, and
bottom housing plate 1130. Bottom housing plate 1130 snap fits into top
housing plate 1010 to seal the battery and integrated circuit components,
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descri bed above. These studs are in electrical contact with skin contact
studs 115 1, 1152 and 1153. On the skin side surface of skin contact studs
115 1, 110 20mdh73@S3 is a conductive hydrogel |ayer 1152#CTAScam@éssagh st ud
115 1, 1152 and 1153 are non-conductive hydrogel 1155 and pressure
sensitive adhesive 1156 conponents. In this portion, any convenient
physi ol ogi cal | y accept abl e adhesi ve may be enpl oyed. |In sone instances,

adhesi ve that CHaogeaﬁdwnéo aﬁh@mumen@ﬁomﬁkmgeswmler@%ﬂaafn@ 6r@forRp! | ed
stinmulus are enp U@}/ e For exanpl e, adhesives that becorme |ess adhesive
ra
9

upon applicati orl ABY ceNvgnientspating Keherpe maydecemelayed. segh Bt &l oyed,
so that the adh ? [ f iver to
ermi n associ at e wd pORRL uSoetet e Anlcad L R Bl broklsy TP,
removal of the medglgtagethasvia Asuibakrl aﬂh@sﬁv%gay eel welied legeten-eiki M si de of

08T Pt A0 Py B S LB e

Ag/ AgCl . On the upper sur ectrode materral is a
porous | ayer, smld/tmi)oaomalnmmg/plagels | g ishowin s agihesive pateh upgewhicttki ng

|ayers 1180, Thaygh. igh SPBMAABRRL 181005y M biRuATs a0 et 11 ol

contact through rexa t’hane and
pol yet hyl ene) wittiA3} heniatr y;tudsesenvedas atettiokencamaets t with ubds bvduyc Hurdnge

posi ti oned beneath .eac ud. il a t he studs ar

onter with rosgBeava siendn e g ebioscRtiba T LYE! P ot sty RoteBt '« ne
outer edge of t hathpiateghated c&cmmmporseﬂtﬁimbe@g tvia wirey @astaedegreluetivd ze
bet ween any tvvongl ven studs where desired g conductivity

d
o e it ere st ajeEv BLiDR vepBnosTe 108, BianenSiane Qo ¢ 2 n of

the porous |ayemolding mae/ 0('510Tméldd)ébrtﬁanbbﬁlv@0méﬁﬁie¥s ebnffurédigo deoeid ect r ode
layer. OF interest in such aspects is where a conductivity gradient

increases in corffst 1 14" P it h4$ KeUBIPE de tWiERs Yot ShewBLWdiChe gl Previde pat ch.

[0239] FIGsS. 13%Iée‘?nc§a$€orﬂ’fééﬁbﬁﬁ> Hahihegtted QMitRbnnaht erdpat i ve ext er nal
patch configuration 1300 whi i ncludes two el ectrodes 13 10 and 1320 in a

flexi bl e strul@2#8k h&lG nd2aﬁr%/¢ﬂﬁ9§si30ee’éiﬂ%%€bé“%n¢fl gdhegive rPatehht1d01300
I ncl udes upper on‘F?ébr%e A e1r14§“ﬂ%%%%éﬁxﬂ°b%r ?r?llgcisb‘?ﬁ M §ie6Apl ?hg#pé?” 1350

which fit together as s own I n ose an integrate
ci rcui t/ batt ery deseratealboves dheas ¢tusisearer iodelsctiical I@niaed With2gkin ggntlabwn

studs 1151, 1152 and 1153. On the skin side surface of skin contact studs
1151, 1152 and 1153 is a conductive hydrogel layer 1154. Around each
stud 1151, 1152 and 1153 are non-conductive hydrogel 1155 and
pressure sensitive adhesive 1156 components. In this portion, any
convenient physiologically acceptable adhesive may be employed. In
some instances, adhesive that chance their adhesive properties in
response to an applied stimulus are employed. For example, adhesives
that become less adhesive upon application of light, e.g., UV light, or a
chemical, may be employed, so that the adhesive remains strong while it
is desired for the receiver to remain associated with the body but is readily
weakened to facilitate removal of the receiver from the body when desired.
On the non-skin side of each skin contact stud is a layer of dry electrode
material, such as Ag/AgCl. On the upper surface of this layer of dry
electrode material is a porous layer, such as a carbon vinyl layer. Also
shown are upper backing layers 1180. Though not shown, upper studs
1141 to 1143 are in electrical contact through the backing layers 1180 (for
example urethane and polyethylene) with the dry electrode and skin
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in FIG 13D, the bottom surfaces of electrodes 13 10 and 1320 are exposed.
As shown in FIG 13E, electrodes 13 10 and 1320 include | ead el enents 1375
and 1370 wbi2etv/qsasi de for el ectrical contact between tireTaAlSe@negies and
the integrated circuit/battery conponent 1360. Any conveni ent adhesive
conponent may be enpl oyed, such as those descri bed above. [0240] FIGS. 1l4A
to 14B provide bl ock diagrams of exanple hardware configurations that may

be present in a ARt VsQud@SNrﬁ&Q‘”ﬁ‘re' Rodiliéed baNchip b3 dFpeRVEILd. | tAshoul d
be understood that the exanple hardware configurations are not limted to

the aspects shoulsirated s stydnareoof gentef with 1§spectio thalk day eleriede BYBI ock
diagram of an exanpl &irBAIANGY theCOlibl BYaRLE B pBRh Y rhAnbRS|MERA i) @
recei ver such as receiver 1300, according to one aspect of the invention.
As shown, har dwdieseasss dipgiela@e patwren eyt twos givan dtigdse ol agdisionr viete 13 10
and 1320 el ectri Fan?r{ Y~ Ncl ude,
for exanple, thecgg*r% 8%%8“&?/”2% thar d\A/aFg(SaS’IOg:S/ast em 1f§8ﬂ%iluooer&l We hi gh
frequency si gnalaltetiag r‘thel paitdrneqluiehe yo@dghadbyerhdil i @idfor mddityingasha he

anal og front en t a I ]
repl ace the DSP%BH%%PQ& %8”%2 &Q '?’I el g?:ft %@éﬁmy oup?%aectt%?%nal og
ASI C 141 0 and pﬂre‘r@rarmrtdluetndnyggraa:bntsmgrmlsesmndomdLmnvit)ginanhd dimeotias sf ng.
Accel er onet er 3@ tsuc % e-axi s accel eronmeter, is shown
electrical Iy codff 8Uel 599§ 8|pa tC 1420. In one aspect, accel eroneter
1430 is electrically coupl ed to analog ASIC 141 0. It is al so understood
that a digital0239tel Eioheldt tordELROVIAD IVarRYS ¥i@WSMf@aopliiesbaiéeoextenad i s
shown el ectri ca il i | 450.
Furt her nore, r%cgrcocegg%ranzﬁgg Vme @@Hgg%ﬁ? rgle?gp?%/é 2§6tbp e(?jrqlté%o ?nadl o]
1460, such as awﬁm@lasmuatur@dwmg\madk[asmzqanﬂaa codfyupaton. dascralB0bck
di agram of anot a C u i t ed in
recei ver such ars?&ﬂecgegl ve e‘?ﬂ%{ﬂ%ﬁer g“rﬂgn[J 09& ig%%%%gs?)@cotm%xgﬁee Snﬁéote#ﬁtl on.
Wt hin hardware 1:~3ﬁet\emm14|9®ogaﬂhe?cas stesn Ju?o F1Q. d6H tb3&trleaeecars imagrated
electrically coupled t pt i onal noi 1461 . Anal og
ASTC 1462 15 shonropafy Romppgen oot e fiRey 570 dng YRy s of
exanpl e, the anaho®IGE rBD, &edbottom surfaces of electrodes 1310 and 1320 are
exposed. As shown in FIG. 13E, electrodes 1310 and 1320 include lead

Q

elements 1375 and 1370 which provide for electrical contact between the
electrodes and the integrated circuit/battery component 1360. Any
convenient adhesive component may be employed, such as those
described above.

[0240] FIGS. 14A to 14B provide block diagrams of example hardware
configurations that may be present in a receiver as shown in FIGS. 13A to
13E. However, it should be understood that the example hardware
configurations are not limited to the aspects shown in FIGS. 13A to 13E.

[0241] FIG. 14A provides a block diagram of an example hardware
configuration that may be included in a receiver such as receiver 1300,
according to one aspect of the invention. As shown, hardware system
1400 includes first and second electrodes 1310 and 1320 electrically
coupled to analog ASIC 1410. ASIC 1410 may include, for example, the
analog front end of hardware system 1400 (e.g., the high frequency signal
chain, low frequency signal chain, etc.). Just as the analog front end may
be implemented in an ASIC, customized logic may replace the DSP.
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of hardware system 1490. Digital ASIC 1463 is shown electrically coupled to
anal og ASI C 1462 and perforns the digital signal conditioning and

processi yO 2br/a7kils aspect, digital ASIC 1463 al so i ncl rdgasSadoonegIR®©Cessi ng
unit 1464, which may be any conveni ent m croprocessing unit such as the
CORTEX- MB(tm) m croprocessing unit by ARM Accel eroneter 1430 is
electrically coupled to anal og ASIC 1462, but as noted earlier, nay be

i npl ement ed t o lmgied @EICi LRl Y sﬁ@Wﬁ'é?éttﬁéhll?Q@uﬂbg'té%ha}ﬁ | 516408 Bgnge! | as

a digital accelerorreter El ectrically cou digitall ASIC 1463 is radio

1460. [0243] FI @erfonts ﬁ'ﬁ%\ﬂ'gi@é signg| 6@@'@9”&@9 @ﬁfjo‘?ro‘]%ﬂs'%otpﬁé?'e@%ﬁi e
har dvar e conf | 9uiigb ARrLRe 1TBY . ddieleHiftlol s 366 BiokHlealpiet g el ver

1300, according to one aspect of the I nvention. re system
1480, a single SidteAIR d42Q (BOOpe 1aspect; egsicalssemetee 1430 l&SB@@triCﬁ”)Fl G 14A

PG 1an o ASEOPEdsl aabea s el [Pt BRCaeT, ah bod PR Sl 0
LNA 1460 is not a@helam)metem ndy Pec asplemeatdido Memar@cesls@ctm%alsl shayoupl ed to
SCC 1470 102441 Jd ool OpRo 965 oyl 96l b2 mng" (1, ABGHRET: BB €

har dwar e confi gura [ d in"areceiver, ch 'a8°r ecei ver
1300, accordi ng Rusthemeoras pecbpaicesste 1440eintshomn Mé&théﬂlyhmmwmm syt em
1499, optional IXA %%% is el elctr cally coupled to electrodes 131 0 and
1320. SOC 1482 i'$°¢h aélae\‘i’{r?eéi AYSEOTH1 ed to an optional LNA 1461 ,

accel eronet er [(2420, FeBPe4BRprs\EdeseaIckldiagraandf madiher M@r&p(eehgdwaaa
Wi rel ess communi cat.i on m)ch ul e i nﬁl udi ng%g. transcei ver 1492 incl udes
gdncluded|

processor 1492, SONEQYRERYL A SIRY "o POV’ ?L%fé%ce(‘@ rg 300,

transbody conducgcw@.r@omw Qﬂdéc@'@f Redinl entnd iR ﬁ&r@@bﬁ‘eaéys%ﬂﬁsﬂwg
nodul es), and software defined radio 1488. Furthernore, a tenperature

sensor 1496 may G998 18A [ANEBI0na's] HigMe @lerticallyzepupliadl tsr optiadirbloyog

(sensor not showpise bR je14e6i I RehloNESI0N 148 8s CHImANeRLRically t he
receiver may be covered wt conformal , void-free sealing layer, ‘e.g., as

descri bed in Unicodpleditaildh Aﬂﬁ)‘l ﬁ@@\m%’rﬂngéﬁea for Ramele; fhesansseg frpRigend
di scl osure of V"*HTI‘FIQreo‘%\FHPé sGAbMOTUd0S MGH&ABICNBBROCRGGH cRbiricallPEG & The

conformal, void
to analog ASIC 1462 and performs the digital signal conditioning and

processing. In this aspect, digital ASIC 1463 also includes
microprocessing unit 1464, which may be any convenient microprocessing
unit such as the CORTEX-M3™ microprocessing unit by ARM.
Accelerometer 1430 is electrically coupled to analog ASIC 1462, but as
noted earlier, may be implemented to be electrically coupled to the digital
ASIC 1463 as well as a digital accelerometer. Electrically coupled to
digital ASIC 1463 is radio 1460.

[0243] FIG. 14C provides a block diagram of yet another example
hardware configuration that may be included in a receiver such as receiver
1300, according to one aspect of the invention. Within hardware system
1480, a single system on chip (SOC) 1470 replaces the two ASICs in FIG.
14A and 14B. For instance, SOC 1470 would replace ASICs 1410 and
1420 shown in FIG. 14A, or ASICs 1462 and 1463 shown in FIG. 14B (in
which case optional LNA 1460 is not shown). In this case, radio 1460 is
electrically coupled to SOC 1470.
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sealing |l ayer may be characterized as a "thin-filn coating in that its

t hi ckness is such that it does not substantially increase the total volune
of the stwocbuwvesusth which it is associ ated, where anyPCmarse@o®6s1ns vol une
of the device that can be attributed to the layer is about 10% or | ess,
such as about 5% or |ess, including about 1% or |ess by volune. According
to aspects of the invention, a conformal, void-free sealing |layer has a

thi ckness in gyzange Fic omsp Jpré\ﬂdéso & 1Bk %rb“d?atﬁs of Vel hAcEsr fexampl 3 to
3.0 mm and including in a range from1.0 to 2.0 mnthick. Accordl ng to

aspects of the predeze FoVigntation, that oray d?%’PC'UdRﬁ M fa Eeceiead] iSHgh | er may
be applied usi ngﬁ@elqur@b BEQY i 't@%n@ra% 8& fth@nﬂ/entlon Within hardware

pl asma- enhancedchem cal - vapor 0 ysi cal - vapor deposition,
sputtering, evarﬁds’@m b4=\99 @@tlmﬁilhb&ai%md@rﬁb%qtlﬂ@&ﬂm C@Q@lédéo QleCtrDﬁI@Q é@ﬂQSt ates

Appl i-cati on Se” 0. 180¢03489% Sflg\ﬁn Y &g |é?1*'ﬁgrc%HgFed gﬁmd | GRA On. 1S

herein |ncorpora y re erence), ressur dep05|t|on
and ot her such ﬂ%&emﬁrohf\h@m1pB@stenuopraImefsanﬁaﬂ]49Aoamﬂlfadee14§laade|glg | ayers

may conprise a VaWw n?rjg ?%[%W mgﬁg%r.'n uai'n Pa%§%&§@r .ft ?h%éz’a\yer

conprises sili céh c ate I gh osl seal
Al ternatively, tlmmm@yarocarssorl hma,l(MecSuddecmputlné&i denalcgirftwn el 1486
car bonoxyni trides netal s.and a reo ch as

, tals, e.qg., noble
et nam 't hodt -1 Frary aheuie, SriRLRasic tad € nd HkSBogi! | des.
e.g., OIsi l'i con nistehisudg;mgdaeb)orand stit\ﬂ@% damrum mmmztssl derurthieirhen), uam
nitride, tungsten carbide or car bi a S|n
Tyer o mmae. ulCTPSRHE e B aarSe RE TiclHeti Slile ol T4 Ra B
mat eri al s. \Wen rggibtiupb esambendtandwal.e enpl oyed, the coefficients of
t her mal expan5|on may al so be cal cul ated and desi gned so that they do not

adversely af f B335 he f&f@.d?éwe%o%ﬁémorwqomm?eﬁs Thibp 'ERIVAISERiRR ed. In

some instances, Ry&Ral Wil contBinthlf (68-rRRabédiag! BY&T ngPV%éSde%Enﬂ)&ﬁH a
portion of the outer surface, if not the entireé outer surface, of th

receiver. In sudiniteds3tatpselppligatian §@flah Hal1%!8%6511|mﬁ(c§§clwet9évﬂwhent in
the sealing 'aY?’gplg%tutBﬁqy'heﬁenﬁ %oﬁdd? efé-‘reﬂaemfrﬁétcbﬂfbrrlﬂﬁi W@%nfre%e

conponent s i nsi : e receiver th ext ernal environment of
recei ver. Acti veseAlhtiaydelmaerbg pnaraet]enzm:easVer"ihloﬁnm heoatingeitt ithai itmy

include an acti YhicRAsRts gﬁéH &t ¥ does not substantially increase the total volume of
the structure with which it is associated, where any increase in volume of
the device that can be attributed to the layer is about 10% or less, such as
about 5% or less, including about 1% or less by volume. According to
aspects of the invention, a conformal, void-free sealing layer has a
thickness in a range from 0.1 to 10.0 um, such as in a range from 0.3 to
3.0 um, and including in a range from 1.0 to 2.0 um thick. According to
aspects of the present invention, a conformal, void-free sealing layer may
be applied using a planar processing protocol, e.g., plasma-enhanced-
chemical-vapor deposition, physical-vapor deposition, sputtering,
evaporation, cathodic-arc deposition (see e.g., United States Application
Serial No. 12/305,894, the disclosure of which application is herein
incorporated by reference), low-pressure chemical-vapor deposition, and
other such processes. When present, conformal, void-free sealing layers
may comprise a variety of different materials. In one aspect, the layer
comprises silicon carbide to create a highly corrosion resistant seal.
Alternatively, the layer may include silicon dioxide, carbon oxides, carbon
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conponent. The active agent delivery conponent, when present, may vary. In
sone instances, the active agent delivery conponent nay be a distinct
conponentwof2otongsriécei ver, where the conponent may i ncl rde/us2@90681e8 of an
active agent conposition. The active agent conposition may vary and incl ude
one or nore active agents in conbination with a carrier conposition, where
the carrier conposition my be a liquid or solid conposition and nay be

configured to prd&yh.%efsorm@tarsoné go! h@&erﬁi%earﬂﬁdll\é?é YthBFébff' |s@ch a%s
desired. Active ag{ent delivery conponents of interest include, but are not

limited to: sol iREtEeM, vRedjum ofigisms and @Ay stherral cheishalligites mifidefis Ger y
formats, and f1 WidohNhiRRCt LR ONRIG, aAINAR hANAPNAGRLKP dppgRtS and

formats that enploy a m croneedle conponent, as descri be reater detail
bel ow. For i npl dwigsire cadids Oléﬁweré;ﬁsbl@@nvérhe aqiter 4oay ve aag@gte Gl oery

format may be e e | | r f

i nterest incl udgpéﬁﬁgaorf?ﬁﬁgﬁe Fa%&fs gﬁ g%rﬂggrﬁét gglcwgg%r%rﬁ ’ﬁ#@@@ 931 ;

t he di scl osure dWhewi mbltiple Meaterialsi a[eorqmmlaymi bhe roerﬁiC'@rmtﬁe of Dépeemal ng on
the particular f t r n Vile

component “that $rBaTdIes T8 Gl Y& S ERARA"ERE s vppd el M BE A Bt
conposition froradt/hﬁsesloaﬁem tme)redee/ep&brrmhentT\hm d\ﬂemmmegmrpcasemlaneay vary
wi dely, where eﬁangl es. of devi cer(lj gﬁ%nent i ncl de sel ective qengr anes,
punps, el ectric Fi8MF 'CoGPERY, @ APUPERRletp'ddrec teal ”%ayc?ércf’&?rﬁ Hietshiftes, the
active agent de|doﬂ&fnyonh§I@le$Urfaee' itigotithé egtiret @devéurfacanor therrecawvgronent  of
the receiver. )éﬁn@ where receivers InB‘Hﬁ%ﬁ an dheS| ve co onent

t he adhesive coﬁ% i BNENEeShan AIREF]) eC Fn'?:rleﬁﬁrét th mor e
active agents, ﬁi?la&@rdbo pbate fér@e@d&&%b#ﬁn&%ﬁﬁ@ﬁldeh@ébﬁ@dmmdnw rrul at ed
to provide f or any desired active agent delivery profile. \Were active

agent delivery |”§S"ij€h€fl iha éeceivar and de pxiernahBYVIKEMEnh P 8I8eRIYY- del i ver the
active agent in accordance with a predeterm ned dosing schedule, in
response a received dosing signal, in response to one or nore detected

physi ol og| a}{ for exanple where the device is configured as a

cl osed- I oo %I?‘éegf g@ [y devi.ce M cron edl e I& aellv]er

Recei vers of £f 'Sﬂrsnﬁfyﬁ] iV VcF‘8W88d?’?e38 YipGAEN: ¢ y
component. The active agent delivery component, when present, may
vary. In some instances, the active agent delivery component may be a
distinct component of the receiver, where the component may include a
source of an active agent composition. The active agent composition may
vary and include one or more active agents in combination with a carrier
composition, where the carrier composition may be a liquid or solid
composition and may be configured to provide for a controlled release
delivery profile, as desired. Active agent delivery components of interest
include, but are not limited to: solid delivery formats, such as patch and
plaster delivery formats, and fluid introduction formats, such as
iontophoretic formats and formats that employ a microneedle component,
as described in greater detail below. For implantable receivers, any
convenient active agent delivery format may be employed. Examples of
active agent delivery formats of interest include, but are not limited to,
those described in 11/897,931; the disclosure of which is herein
incorporated by reference. Depending on the particular format, the
delivery component may include a device component that provides for
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whi ch m croneedl e conponent may be configured for anal yte detection and/or
active agent delivery, for exanple as described in greater detail bel ow.
M croneedwe 20mponent s of interest are configured for tPamafSes09o63128

bi ol ogi cal fluid froma physi ol ogi cal source to another |ocation (for
exanpl e external site) in a mnimlly-invasive, painless, and conveni ent
manner. The m croneedl e conponents may be configured to permt in vivo

sensing or w t Noionvery opfanbdrfbagichahe Gbelndi BricasiiBR%bm HeckbiRse fg om or

t hrough the skin, m nimal or no damage, pain, or irritation to the
tissue. [0248] M%P@P@Hdl@%%ﬁ%@%@ow MRACYRUY Vigely, Wherﬁoﬁ?@”’r‘ﬁl%ﬁ 8heedl es
(where mul tiple Ja,geoASRG RS IRR %&@Eﬂu@“ﬁ%dr&n@@yp ﬁﬂé flefy mat,
such as in a three-di mensional array), a su strateto the one or nore

m croneedl es ar SoUWeAcMicseneeglas, gicd |6mﬁt5@rlnatﬁd¢@n the g@twg@geﬁhdelivery

conmmuni cation w éﬁlpt"“?un@}%y%e gﬁ%ﬁra@ocl}vﬂﬂea%'t nQp?th%kt B?‘?hé“r&é?v%‘?em o o

may be configure as a con a sen enent
conbi nati on t herfeof exaboplduiwhen creoaiwed asciugm etmweihasmermmp@‘renholthe)w

shaft. As used T el a g [
t hroughout at | fégjé? § ge pco?'fp f)sﬁlog} Oft& %araersgﬁeeggmggi{érﬁcpggéﬁ&g% fo:{%l 'f\t |y
| ar ge and suffi eon@etdcjive ragentspaaejesmb tvehgpertine adpesiesagempbsifidruircayaved/ or

solid materials thr t he m cronee used h rei the, term " hol | ow

roans havi ng- ondoBI TR STt RRF oSiadettR “TasPEEClRre hebfice WPei ough

the interior of dch@e ag@rttme@eiyes Bicluded he rem‘ve?hn@,ata@canftbu@éﬂitoedeliver

sufhmentlylargeto mt pass e of éwd and/ or lid terjals
S

Chrough the i orbhEEMNDagentdn BRroIAaPce WithE RRgeBETEY qasoLEMEaHealT or a

portion of the negsineeidrddaretidsefig Signaf int #é%pblhs@ {fooohder Rsre detectandi ng
parallel to the direction of the needle or branching or exiting at a side

of the needle, &XYVaBIOEHIPHLECIHAS SIOF PYRBPICWIBRINGILYShISCOINEIWEA a5 hol | ow.

Wiere desired, QnfealiodPa&ivefagehtadiveryaef@d) escmay be coated (if solid,
por ous, or hol | ow) and/or at l'east partially filled (if porous or holl ow)

with a sens[{/I go EﬁlfoSI on-nodi fying material. [0250] The m croneedl es can
be construct & q‘eleg a vari ety of materials, including netals, ceramcs,

Sem CONOUH of o 08 0apL Sy o ROLVIEN S, ARG COTRAR Lo ir CORSIfEhaB, S o7 al s
which microneedle component may be configured for analyte detection
and/or active agent delivery, for example as described in greater detail
below. Microneedle components of interest are configured for transfer of
biological fluid from a physiological source to another location (for example
external site) in a minimally-invasive, painless, and convenient manner.
The microneedle components may be configured to permit in vivo sensing
or withdrawal of biological fluids from the body, such as from or through
the skin, with minimal or no damage, pain, or irritation to the tissue.

[0248] Microneedle components may include one or more microneedles
(where multiple microneedles may be configured in any convenient format,
such as in a three-dimensional array), a substrate to which the one or
more microneedles are connected, a fluid chamber and/or a sensor in
communication with the one or more microneedles.

[0249] The microneedles may be configured to function either as a conduit,
a sensing element, or a combination thereof. Conduit microneedles can
have a porous or hollow shaft. As used herein, the term "porous" means
having pores or voids throughout at least a portion of the microneedle
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to: pharnmaceutical grade stainless steel, gold, titanium nickel, iron,

tin, chromum copper, palladium platinum alloys of these or other

metal s, swbi20m7588] i con di oxi de, and pol yners. Bi odegr adahiseoopobsiper s of
interest include, but are not limted to: polynmers of hydroxy acids such as
| actic acid and glycolic acid polylactide, polyglycolide,

pol yl acti de-co-gl ycolide, and copol yners with PEG pol yanhydri des,

pol y(ortho) est ersgrycid,y YL FERAME Slarde0! aHdb WiiciehtiACintBreomttlcaddy ab epbigci d) ,
and pol y(l acti de-cocaprol actone). n- bi odeg{r{adabl e polyners of interest

i nclude, but ar 388299 Pinflti@aneier splésl yiadaristnBr@UINpBPyTHEINEEEIR i AS Head,
ethyl enevinyl aqgldhnoRBlny “8iod" ABHINIEAR oPRSPSlXERIEIF anhEPL] The
f with shafts that have a circula

m croneedl es can be configure nar t . r
cross-section i Poréseopeanaaisi toidugh, theinterer ofrtbe snicrepeedia stbeturss which

nonci rcul ar. For, he (&L - {j0 : ] : be

pol ygonal (such hggés aiaﬁseﬁgp%c;ﬁ&gﬁﬁalra@ {Or ?%rﬁgtuf’gﬁa,%ﬁﬁﬁ@‘%,%@@ P%ﬁ'(') her
shape. The shaf tmatarnalhatheougte tioer mioramebdiees. THEha@noulas scaes t manadxtelidrensi ons
may vary, and i i.nst nge n. : . as

bet ween 10 nm a r&@ﬁgﬁodﬁl %é%gﬁ[og'r&atﬁgﬁe\gﬁger @ﬁ&%‘%ﬁ@”ﬁggt@s‘%wg& , Wth
t he outer di anetoaser axighdiggi paraltelrdoithet direcésn métthe ereeti® ombaaredhi@onm and
the i nner dianeter. rangi ng.in nme i nstances between 3, mMm.and 80 mm The
ongth of tho metigAoBPag g’ e RIS 55 ARBIORIa SAnEOhSt LB pet veen
10 mm and 1 mMm reigncadicbearmess HARWIM WithrSO0fedimedd, agid ionC ok NG lred ween

150 d 350 [ 02521 The substrate of the device can be constructed
e v s W e R SR AT AT R P S iy

organi cs, pol yngyagtiall@ditled QIMsBodLsr hdiiew)SWhstd aémsingiol WiRBidNHRos to
whi ch the mcroneedl es are attached or integrally fornmed. Where desired,

the substrate ofMB@alni cr oneedl e conponent can be integrated with anot her

conponent of o] €Ch¥ Ghicfintdaied@n bdEadrutidd HoM &Nanbgror(Rarfibgured as
a fluid collection chanber or an active agent depot) and/Or sensor can be

attached to the IRAMERG aMetal, PYAMRS. (FURICLRAGHIE, OKGANRE: t PIYMErfe Fthstrat e)
to communi cate dohffokids. WobRsthRGoR dRfertils bPRidreStiROEES! 8R -are not limited

to: pharmaceutical grade stainless steel, gold, titanium, nickel, iron, tin,
chromium, copper, palladium, platinum, alloys of these or other metals,
silicon, silicon dioxide, and polymers. Biodegradable polymers of interest
include, but are not limited to: polymers of hydroxy acids such as lactic
acid and glycolic acid polylactide, polyglycolide, polylactide-co-glycolide,
and copolymers with PEG, polyanhydrides, poly(ortho)esters,
polyurethanes, poly(butyric acid), poly(valeric acid), and poly(lactide-co-
caprolactone). Non-biodegradable polymers of interest include, but are
not limited to: polycarbonate, polymethacrylic acid, ethylenevinyl acetate,
polytetrafluoroethylene, and polyesters.

[0251] The microneedles can be configured with shafts that have a circular
cross-section in the perpendicular, or the cross-section can be non-
circular. For example, the cross-section of the microneedle can be
polygonal (such as star-shaped, square, triangular), oblong, or another
shape. The shaft can have one or more bores. The cross-sectional
dimensions may vary, and in some instances range between 1 um and

500 um, such as between 10 um and 100 um. The outer and inner
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[ 0254] The fluid chanber, when present, may be selectively in connection
with the m croneedl e bores or pores, such that a biological fluid can flow
from t he woeswa7susr oundi ng the m croneedl e, through thecwusec@nsesice, and
into the fluid chanber or an active agent conposition can flow fromthe
chanber through the mcroneedles and into the subject. Where desired, the
fluid chanber is attached to, or integrated into, the substrate. The fluid

chanber can be sjiinéRRY inddy Yaidd gﬁa%/ ofith edi bifted edigmerh! Rangiee i | d8ntk chanber
can be forned fromone or nore polyners, netals, ceram cs, sem conductor,

or conbi nat i ons iffi@nessfoetwaernie Lmﬁédtm()tm anduihe ipRemgiametasranging i por ous
or absor bent gty Al eI, el SRARAFA s85im. Phe RABRoiShe RRLHABLGS ST P

The fluid chanber may i nc¢ ac 've ‘ageh onpaosi ith

i ncludes one or may gisevhtyy earR@ryihsohie insahtsBbétaRemi1DIMM ana@n el such

formul ation. As such, the fluid chanber can initially be enpty or can
contain a gas oraSIRAWERN 9P &M aag;8Ae &M, ANgryclugnebetYRan 12O M and 3Gbr sol i d
particles) or actjve agent(s), etc., as desired. [0255] Were desired, the
m croneedl e con%fément may i ncl ude one or nore sensors. The sensors can be

| ocated in t hEOZﬁ2]:r oﬂ'eecﬁwstnatetmfdjneojetvlw cmfvbee:o@fstnmcteokanm @ varietyhef f |l ui d

chanber). The sens can E{d in ar a]ttached to one C@DE mcroneedl es,
i nt egrated mto@?‘ngr' st Fat’dd oMSlE'Bhi M c%er%'ﬁ?ln 9"n [P Che f1uid

chanber. Sensor $obfimerst amdaebmpmiesd@he sobsirate Grﬁcltpntessmertmsettemmecmhu e,

chem cal s, pH, and/or ect ro etic fields. Senso er s | ncl ude
those cont i hur edMEBTENERt2reh 8 AT E0aHE A9 RERSCal MIRSR \ASTE I

bi ol ogi cal fl ui dussrabef mbenieromaalist @sngdnenncan et intdiphtedewittodhodee not
limted to: blood su%@gl ucose chol esterol, bilirubin, creatine,

various netabol iTER he\ 8 lRbBYYE!URepar i n, hematocrit, vitanin K or

ot her clottingpdsagt OKASfIerér%n%érd(coﬁf@u@éd‘%@n@rfww?bélléﬂbh %@nfbrerf&r*'@{ t unor
antigens, various reproductive hornones such as those associated with

ovul ation or pr &§HEhEPENHAGRR) @ﬂd@bﬁésﬁrnaﬁfbrben@ttt%ﬂéﬂlt@e@etfﬁ&sgé\e Ob| ood
al cohol concent rfé‘rtrﬁézf"foreé@mﬂlé‘ d%%ér@éf%é‘%@@éﬁa?e t%%ﬁ\trﬁ.ﬂﬁ@a?te arretﬂryQMﬁ{t' es

for which the receiver is configured to detect |ncI ude | actate (i nportant
for athletes), digbase ofphe micreokedies.t obacco netabolites, and illegal drugs

(1 mpor t ant fo[)oz%ﬂj]h FREIER g8 ORhan BREehBhSNbet E%BF\FEI)) in GSRRBfich when

present,
with the microneedle bores or pores, such that a biological fluid can flow

from the tissue surrounding the microneedle, through the microneedle, and
into the fluid chamber or an active agent composition can flow from the
chamber through the microneedles and into the subject. Where desired,
the fluid chamber is attached to, or integrated into, the substrate. The fluid
chamber can be substantially rigid or readily deformable. The fluid
chamber can be formed from one or more polymers, metals, ceramics,
semiconductor, or combinations thereof. In one aspect, the fluid chamber
contains a porous or absorbent material, such as a sponge, gel, or paper
or polymeric strip. The fluid chamber may include a fluid active agent
composition, which includes one or more active agents in combination with
a carrier formulation. As such, the fluid chamber can initially be empty or
can contain a gas or one or more reagents in any form (such as, liquid or
solid particles) or active agent(s), etc., as desired.

[0255] Where desired, the microneedle component may include one or
more sensors. The sensors can be located in the microneedle or body of

79



comuni cation with a m croneedl e sensor function nodule, which may include
sof tware and/ or hardware conponents and present solely in the mcroneedl e
conponentwearrdlomn7siint egrated, at | east to sonme extent, i BRCO/USROVOO6gI28t S Of
the receiver. SYSTEMS [0256] In certain aspects, the receivers are part of
a body-associ ated system or network of devices, such as sensors, signal
receivers, and optionally other devices, which may be internal and/or

external , which {pg Quiide éﬁ;r\é&ém@revmqhednuiof ehffiber) YIRS hsbRfQnBd iPBr that is
ul ti rrately col l ected and processed by a processor, such as an external

processor, whi ctatiapked é%ﬁnﬁr%vmé@ Hﬂﬁfﬁ@@@% igtegeatehiie the ISupstresan; ect |
such as a pati e%wn{g?r EBHmurfictioRX AP IR flﬁlaecﬁa‘ﬁ%rveéer{g%}’%laﬁ ifterdefroer of

an in-body networ evices which can provide an output t I ncl udes
dat a about | EM iingjeda BeMEOrsHRé PLISSHIS: éerpng@ttwe,o@hempalgenlsleanmf éha@tr@f S,

| mpl ant abl e dev'n?%qr%ﬂ@ﬁu@fdsorser%bfﬁf m#é?e?tqn@ﬁagrﬂﬂﬁl tcf??i g&‘éﬁq fect i, dat a.

The external col | etwor server,
etc., of the datwsesanen onEarchenmal ahalgterie alivlegicairfond sardpldavhens analyderdi t i onal

rel evant dat a ahgu a ord
data, etc. and%(r?ra&tépr? cess Cfen |ag%ar§¢e ﬂﬁ‘f&?ﬁ tbtb?;gwsgg ﬁgl:HJFé/gegpeci fic
and cont ext ual pmoieemrols;bﬂmwkﬁmccr@atnae ‘{150215@]mé@bb&mnzﬁmemehema@nblhpn
include, in certain.as nal recelv a_ receiver, and one
or more 1 Eve. 1 eba Pt R £ RO R S R b B ot on
serial no. PCT/ \darsMsenidry&dd Gintiy bﬂmloﬁshﬂﬁenamnwal é’rﬂ@@hi P&riblis8repFidlictive
application serial no. ﬁig'l;/ US20 07/ 082563 pu@l i shed as WO 2008/ 0521 36; PCT

appl i cati on serin@fmAges 59 AESEHEA Wi GVUIRLIGN £ PRI EH6Y%/ BHIBS6: PCT

appl i cation serigpus®andRETbIaBORES QRA3BT dhdd hrbBREl Gshc¥ara{YMd/ 86661 7; PCT
application serial no. PCT/US2008/ 052845 publ i shed as WO 2008/ 0951 83; PCT

appl i cati on ser ic8ailo aSPREP.USHBYBNERS3 PooPIORBItieshidl whiohothRa8ralvey is107; PCT

appl i cation serighfiglted 6 Hetée? GRS Behe R Mdrﬁh?%r%hl\é@s% énlgR/7; PCT
application serial no. PCT/US2008/ 056299 publ i shed as WO 200871 12578; and

PCT appl i cat i on aeahph|tobasco prstalositess @ind 7iepsbdrugs (important for both medical
diagnosis and law enforcement). Sensors, when present, may be in

communication with a microneedle sensor function module, which may
include software and/or hardware components and present solely in the
microneedle component and/or integrated, at least to some extent, into
other parts of the receiver.

SYSTEMS

[0256] In certain aspects, the receivers are part of a body-associated
system or network of devices, such as sensors, signal receivers, and
optionally other devices, which may be internal and/or external, which
provide a variety of different types of information that is ultimately collected
and processed by a processor, such as an external processor, which then
can provide contextual data about a living subject, such as a patient, as
output. For example, the receiver may be a member of an in-body
network of devices which can provide an output that includes data about
IEM ingestion, one or more physiological sensed parameters, implantable
device operation, etc., to an external collector of the data. The external
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publ i shed as WD 2009/ 04281 2; the disclosures of which applications are
herein incorporated by reference. [0258] In certain aspects the systens

i ncl ude amoexrtoar’fEll devi ce which is distinct fromthe rec&vseredizeh may
be inplanted or topically applied in certain aspects), where this external
devi ce provides a nunber of functionalities. Such an external device can

i nclude the capacity to provide feedback and appropriate clinical

regul ation to theeabd ., inTHe form &%’hé&th@dﬂeh@%r@%rv@? clc. NYRedaff forms.
For exanple, the device can be configured to sit on the bed next to the

patient, e.g., dh%Ggmé‘eﬁDtﬁlst ERCeivVer IREpVidast ﬁlﬁttasWIthcad@id@nalbmle\@né dain
linited to, PDASKoSITHd pRIHISE nf QR Snedild rebdBoRa B XAl e of 2
system of the i nv(e)ntl on | ) sho{%ﬁhwﬁﬁFl G 15A en re aystcem 1500

i ncl udes a phar a@eptocess tmsa)ﬁh@@giatte data1’® g_rngadtlgfdy)ﬁpemfgcean@ﬁomemuam o)
present in syst : al receiver 1520, such as the signal receiver
illustrated in %%%gb%%?%n Si gnal receiver 1520 is configured to detect
a signal emnt{@257] r oQysteensi derbé fineenton trickideENLSCer®in $?sgaetls reesignmakr 1520
al so includes p | i

sensi ng capabl I p&é \%é %gr?%ﬁgf’ge@ggﬁspg% dney r I gﬁ@a to '\t%rg];\rsﬂr%n&gt%ggat ato
a patient's an erxctltexjmmbseldesccm)ednn PDA al@ﬂﬁat(mfcdmaaso PEHS2opbone3wr ot her

W rel ess communi cati,on enabl Vi hich.in turn ransmt the data to
a server 1540. §é‘%[-/%}ed15éﬁ§ e O%Od@gﬁq’?ég?ed&%t d@QPI}Cé‘hone gena tonBr ovi de
forf pat i egt dir lE!iltG'BdlSQfQOTVOSZEGE\$ubl?§fedea§ﬁW@’20®0‘521r3615ﬂ©Tnap’phﬁation
configured to allow a ] careqiv 15 to partjci in. 1 tient's
t her apeuti c regﬁ%‘%\{ 35%+)\(r4$2%92%?ﬁ§é$ %@8 shed, @t %Qf@é&@ﬁ?é %ggla) t hat
al I ows the fam |a\|bpﬁ@e[’t|©g| vegerila650 f® NOPCrsS2dErd®o8nd t pesidaegeneiat ed by
t he server 1540, and prow de support bhack to the patient, as indicated by

arrow 1560. The WEA08/06680/ el ChI SpPliratiopnisegal e’EP t cP %T/H\%H@S/Pég%‘b%ses

directly to the d%ﬁér%'at & 9-wo/sbdeis188M abcpat igpicadtbs! t Seriddat ingnt
incentives, etc., as indicated by arrow 1565 which are relayed to the

patient via PDA %5932@%/05399954?@'bh%ﬁedala§OWQ(?@Q%(&WW7b hP@T herplicatidtar e
prof essional (e.ggig RY, F%WEJSCQ Blo5659% p%%ﬁﬂ%ﬂﬁ@%dé@ﬁzﬁﬁﬁcm ng

al gorithns to obtal n neasures o pat1 ent I'i ance, e.qg.,
wel | ness index <ppiieations, sgriglit s, n@r osBpA(WER08/056299 publlshed as

W0O/2008/112578; and PCT application serial no. PCT/US2008/077753
published as WO 2009/042812; the disclosures of which applications are

herein incorporated by reference.

[0258] In certain aspects the systems include an external device which is
distinct from the receiver (which may be implanted or topically applied in
certain aspects), where this external device provides a number of
functionalities. Such an external device can include the capacity to
provide feedback and appropriate clinical regulation to the patient. Such a
device can take any of a number of forms. For example, the device can
be configured to sit on the bed next to the patient, e.g., a bedside monitor.
Other formats include, but are not limited to, PDAs, smart phones, home
computers, etc.

[0259] An example of a system of the invention is shown in FIG. 15A. In
FIG. 15A, system 1500 includes a pharmaceutical composition 1510 that
comprises an IEM. Also present in system 1500 is signal receiver 1520,
such as the signal receiver illustrated in FIGS. 10 to 12. Signal receiver
1520 is configured to detect a signal emitted from the identifier of the |IEM
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benchmarks, etc., and provide informed clinical comunication and support
back to the patient, as indicated by arrow 1580. 60] Another exanple of the
syst em ofwOhleilopr7egént i nvention is shown in Fig. 15B. FPGI/UR2®4es128t s a
systemthat includes a syringe 15 107, a receiver 15 105, a gluconeter 15
110, a wireless comrunication unit 15 115, comunication |inks 15 150B-E
and a dosage nmanager 15 160. The systemgenerally provides intelligent

mechani sms for C1<?>ﬁbrOé,ubhélgrehélveﬂ%a*o/arsﬁ |ﬁélué’esdﬁﬁ)i’éﬂcﬁo@b’ S’éhgn%Bﬁrabaﬁﬁtyl5 107
(e.g., subcutaneous neédle insertion or |uer connection Wt Intra

Venous access d&WrR&p. EGhi andcorye@rninggnsingcraradilitg. opiosrhaseer d8P@d i ng
that the syr i N0l BAGHH BIE £ phlieyR ERbmaTBBRLS PPTANFogyOUNt of

t he dose adm ni ringe , conmuni cati ng the nmeasurenent
information to dﬁmaﬁjéﬁmﬁé’[sphmcq’f %@erthée|¢@c@m@tml$5tl0m®akﬂe€bd@\llworret er

15 1 10, the wi glgss, JoYHGASKAS 11 BaiaaL Qb si0S A8 BRIGHL I} e 60, - and

providing feedba or mat'l of those dévices
i mpl ement ati ons conh@ré@mbdeskreldnm i ipoavideajorppatieahdiretted gebmnigsgnsat i onof

the dosage to t , I i rl . syringe
15 107 to pr eve%rga?élﬁ %@eﬁ%ggé%aﬁﬁgr@yﬁgﬁgg th?"?ﬂ#%ﬁ} %éa@g'&a%n t he

f eedback, out put1550vtosuaft|0|pa¢h dat thenpgteengs , thardpegtid regirrteni regg.divéalear( LED) )
or an aural sig catetha he, dosage i ot .to be.ad istered to
The patient . - Fortgubilolth BRwed Bhornte) fHot Al Fhe Yoty 8ol ToROR ht t he
sy(rj inge 15 107 maghitol gn@’ts tghattrém Qél?]érafeﬁ b th@cwrwerng?ztd]eaw @_rtg/_ida/pehof
medi cation, receivin e e at the wong tinme r recei t he
wrong amount of %B?%Q?abwt% (f%é'f]“ &l '%??éeﬁjﬂiﬁaérwnl ﬂ%e SeNer ié/&?nge 15
107 may be conf irgalr g1do bB caRfigurEEtd p@lmd@crd oﬁfﬁ;egdﬁ@étﬁ,ﬂbtthéEaﬂiéhtté)gpirﬁvent
the adm nistration of a dosage until osage nmanager 1 60 provides

f eedback i nf or mdf¢ &M 67 RAlYE IR %}'Pﬂh@ée’i@’efo?tot oasa!’]ddﬁﬁtﬁf%@y "artow

admi ni stration qfsebnghiggand rQlhydel ft batnt VR2PBA MY0E0RBFver t1BRO SHA) Nge 151
07 may, in sone enbodi nents, include a neasurenent mechani smto provide

measur ement i nf GSPaiesACt Wik esbeali Fare Rrpfassionahtae Y. RINeIcass 4§55, Wen
that is the Casewhléﬂqﬁar‘ir%%é YabBcebShg iR 60k HRBEuRY dMsadAsage

manager 160 al o
health and compliance, e.g., wellness index summaries, alerts, cross-

patient benchmarks, etc., and provide informed clinical communication and

support back to the patient, as indicated by arrow 1580.

[0260] Another example of the system of the present invention is shown
in Fig. 15B. FIG. 15B depicts a system that includes a syringe 15107, a
receiver 15105, a glucometer 15110, a wireless communication unit
15115, communication links 15150B-E, and a dosage manager 15160.
The system generally provides intelligent mechanisms for controlling the
delivery of a dosage by the syringe 15107 (e.g., subcutaneous needle
insertion or luer connection with an Intra Venous access device). This
control may include, for example, detecting that the syringe 15107 is
proximate to the patient, measuring the amount of the dose administered
by the syringe 15107, communicating the measurement information to
other devices, such as the receiver 15105, the glucometer 15110, the
wireless devices 15115, and/or the dosage manager 15160, and providing
feedback information to one or more of those devices. In some
implementations, the feedback information may prevent the administration
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Wi th other patient information, such as bl ood pressure, glucose |evel,
heart rate, ingestible event marker (IEM data, etc., to control when,
and/ or howoreootn76f15 a dosage i s provided to the pati ent PCEaSeévonssiee, the
syringe 15 107 may activate the neasurenent mechani sm (which provides the
measured i nformation) when the syringe 15 107 is proxinmate to (e.g., enters
or is close to) the patient's body, at which tine the neasurenent

information and pikedodanbas iR pdidnt §§ﬁé‘ f88ex@plEledH ihfdrdek éﬁﬁl@%'yﬁﬁ@é' with
the syringe 15 107, a patient identifier, etc, are carried by a signal to

ot her devi ces, sJ@dH?é%p'terv{@mr@\S@gmdﬁgﬁoﬁheﬁu@n% h%t%may, besed ono, and/ or
the wreless de‘fh& e@j ékl%ugu% vﬁ‘s‘&%ﬂfcﬁﬁéd n%}'i‘ﬁ] g@gi 15 160.

Mor eover, t hese ot eVI C noni t or t
adni ni stered by arie Wllslﬂj‘@ lmnqlgate that tb@dnsagehlé n@b@e@eammﬁg@red 1(5 160 may

receive a preci Str'?eg ""ﬂ&“e |8'C{ﬁ89rﬁeh5tkarﬂ§6r@nf%%‘r‘r%%§]bé a%fb‘? solififdy rely on

user - provi ded dosa r'on tinmes stem nay be used
to evaluate a spbe;sinngeﬂl&]ba nna)asngrﬁ&lrtha{e\tm;)atlmlt Werenelalngaln@wrm’rgatb/pél uid

del i very device, fﬁ’ré%hcat%ﬁn r}_{\%é {).ﬂ d&soagreeaggrqev &?}thﬁ%te\%%@% él\ﬂrﬁﬁﬁgt

aspects of syste ven |on EMRV LR
i ncl udes a nul t iwrpog powencofimeditationt s operatl vel y coupl ed to either a

Bhove ot her MALes Thed kEopBEan 1B SRERE EIR7 Rty cllighd o

i ncl ude, but ar exnnnterlbékimbed ab@,d%lﬁmh@tﬁ@ire@h&tr@e&dmﬁﬁmraﬁon @i ext er nal
programm ng devi ce,

xternal data sin . I n sone
atances. i ho SpetadRie HeiaasaT R TadRr d5esqaiVilse fesdtioek JTomAPR® o a
patient, either (gidgcRahé ¥yriiget1®1an t@éﬂ&ﬁﬂ%ad@ﬁlﬁ%trﬁﬁén &Mele @Gert or
pati entassoci ated device, such as an inplanted nedi cal device. [0264] Were

the receiver is r@%?%‘toi”vel y coupled to an external device, it may be

direct |y connppleofl t fidkbsycRAheyRhodleyicemay, RABRRCSASodimohieiiieRr

devi ce throug ne or more distinc onnector devices, such as cables,
cords or anal 0gdURASsFeMeAtur BIechanisRami? e RFEVIER eREaBYAMEdbY|iBMatiah

ext er nal prograr}gb@gerﬂgy &85 thENEmBIAL: qﬁ@d&gﬁgfﬁVW ATt RE tHeOM eI dﬁgd to

change the settings e recelver. exa e, the progranm ng vice
may change the dpeasarémentdefotmalipn may bhaised dyithe dosdgs meragas| 160t dieng

parameters for shignghe RARUI R8RSR dUAR RIS PreslirEIYELSE level, heart

rate, ingestible event marker (IEM) data, etc., to control when, and/or how
much of, a dosage is provided to the patient. Furthermore, the syringe
15107 may activate the measurement mechanism (which provides the
measured information) when the syringe 15107 is proximate to (e.g.,
enters or is close to) the patient’s body, at which time the measurement
information and other information, such as an identifier associated with the
syringe 15107, a patient identifier, etc, are carried by a signal to other
devices, such as the receiver 15105, the glucometer 15110, and/or the
wireless device 15115, for communication to the dosage manager 15160.
Moreover, these other devices may monitor the time when the dosage is
administered by the syringe 15107. As such, the dosage manager 15160
may receive a precise time when the dosage is administered rather than
rely on user-provided dosage administration times. As such, the system
may be used to evaluate a specific fluid transfer event between a
parenteral fluid delivery device, such as syringe 15107, and a patient
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of measurenent, duration of measurement, electrodes to use for neasurenent,
etc. The programm ng device nmay al so change the operating node of the
recei ver .wohelopr7egsamr ng devi ce nay al so be abl e to semrdTdst@owesiehe
receiver, such as nedical records or other data about the patient. The
progranm ng devi ce may be any device suitable for this purpose. Progranmm ng
devices of interest include, but are not limted to, a conputer with a

built-in or pggdeafer ¢ seRRi h@decﬁss'éﬂ%yé‘t%rﬁ%abf e fiventlon Na &cbads g€ tepni tor
or a health |nforrrat|on system ﬁersona digital assistant (PDA), a

smart phone, a rR@HHAN H@tmurcteéamu b@wreesmawmeem igjeRerabvelrgeupled
Systens of the idpugngi |eﬁﬁ36r3a|n69he'r'b“elvlé€evréﬁh§>?ﬁﬁﬁ po@@t n%@l%?ss,@sr

configured to receive data fromthe receiver x ernal dafa processor
may receive the reviewedi @xvesiqiieil deviees dhaledd yedaiwah tey beceparativelior via a

data rel ay devi CC%u%IEHCIB iRSude, 4R oF& nba%rtec?? \ﬁeéxtgﬁ'rtaﬁcfwa | Ve%ﬁce an

body- associ at ed signal recelver and t he rec ddta to an
extra-cor por eal extraalprograsswing deVice, ax ertens ddtat propessiegs deviceyegic.bén

configured to ! %%ﬁ{e 'ﬁa‘té‘@. ?%3%% ér%gmg’%é?’% o%nfh%g[%%% @De%t'vec}? °CPUNed est may

Wi r el essprot ocol, rnal™ dat SOrs
receive data f ramet beatierec eithegrditeetlg @nrtecdn egtetral toheximmal £nd mirg patent-
connector. External .data processors of interest al)g%t hose that can receive

the el ectrical GgREACH&EYCENH P As AT TIeS! WGduce usef ul
information. [UB64pXt &ViERe thatecacPGeDpOrativaly calisledso rapl axtetnar gevibe idlat a for

| ater processing or vr The proce sed dat be out put to user by
any conveni ent g‘ﬁ?@ﬁ caangeted; igthenextge dga%sageponr%c iy the

processed data te&teﬁlnalscﬂ'arvrdé' RAreughl GRNE Aordl SRtintNESHeaRR deamdstém:hl ake. The
data may be arrrcéged in any useful form such as a graph, table, or si gnal .

External data prigelessenrds Qf apRRIQYESSIEIAUref AhRXaMRIR Rt ﬁ%ﬁxﬁ?ﬂiﬂl g8Kige s vari ety

of configurationg, eﬂéﬂhhraaoara%m@t 86vié t h ThRe Dpfoltrimingr dB@ES ARG ade MONI tOr
(for exanple as enbodied in"a bedSide nonitor or "a health infornation

system, a per s#Rafigwrgi ttathangei teapettingDmy tha reraiver. pHoteexampies iyi ng
devi ce, etc. ﬁ’@%ra%ﬁ BBvied M@%h‘aﬂ@'@ﬂ?é@&é{@%&tr deQﬁéTrébef\)%?qBraCk and

treatnment | oop rack | medi cati1on timng rreasurrngt e
response to example the parameters for signal measurement on the patrent frequency

of measurement, duration of measurement, electrodes to use for
measurement, etc. The programming device may also change the
operating mode of the receiver. The programming device may also be
able to send data to the receiver, such as medical records or other data
about the patient. The programming device may be any device suitable
for this purpose. Programming devices of interest include, but are not
limited to, a computer with a built-in or peripheral monitor (such as may be
found in a bedside monitor or a health information system), a personal
digital assistant (PDA), a smart phone, a messaging device, or other
handheld device, etc.

[0265] Systems of the invention may also include an external data
processor configured to receive data from the receiver. The external data
processor may receive the electrical signal data directly from the receiver,
or via a data relay device (such as a device that receives data from the
body-associated signal receiver and then forwards the received data to an
extra-corporeal data processor). The external data processor may be

configured to receive the data via any convenient wired or wireless
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t herapy, and recommendi ng al tered dosi ng based on the physiol ogy and

nol ecul ar profiles of individual patients. For exanple, a synptomatic heart
fail ure paDi2ervo7salkes nul tiple drugs daily, primarily wpCh/ush@oyesks of
reducing the heart's workl oad and i nproving patient quality of life.

Mai nst ays of therapy include angiotensin converting enzyne (ACE)

i nhi bitors, b-blockers and diuretics. For pharnaceutical therapy to be

effective, it ipriobd ashadsiatl | ephie adieers éé?atpﬁ*r@béssBFse%FﬁhtE%t "R Men,
taking the required dose at the appropriate time. Miltiple studies in the

clinical l|iterat'B¢iviiediastomt éhe HaceKer Oyt KARNSYoY ofo AsBU[ti-PEResy | |
heart failure pabhradis:. 3 Geffl dét%&ﬁbé’és@@rs licke és‘E‘%ré m%emgﬁﬁ BRI APY

and, of those who are titrated opriate only 40-60% adhere to the
regi men. Wth tHee selpgtéeal sigsee tah@fliﬂrtprﬂféﬁslsurt@ mtaeﬁfvt Predusehasefivhi t or ed

for patient adherenas;di ?ﬁ&%g@)’natl%j% @%E%ate )PSIEB%W@? E3e itd | nked

to key phyS|oIog|c neasur enen he opti |on o] her apy
by physi ci ans. [foB®Er prncessrr‘lgamrnwawmgctﬁhe prosessext émta rofy bh@dtmu/tdntal on may

be enpl oyed to q%g;u agﬁ\‘:ac%ﬂ{/&ﬁ&ﬁt m% ulnpf rcrp;a%%g\gm r@ah}é %%Lu% S %fég;sor dat a

andadm ni strati o exanpl e, oné t he
respiration rat eilsplnymg thaxorecessee ldataatol dnsatatiaa gsapreddiiusgr latﬁniat:eldmzj f | uid

status, and so out . te rature, and deri i ndi ces that

R about orandee, TR Had Y B g AR b Vsl 0 B s5ER abbiyallh |
generate a physlt@ﬂ)legorcagnalncmoxernaw&m@ﬁsocms@@tomhé Bystomerof tIF@anEﬁﬁdrance
V\/nentherelsarlselnte erature, heart ééegoes

respiration spedt® @ %'Qump%ysé’ﬁ ﬁomﬂﬂﬁgf‘,‘é‘l’ﬂtﬁ&bw éﬁ %% he

person is being p@ﬂbhé’r@l n%hn@ﬁkfblbéﬁémﬂlg ddembotbiiee iANDBBLSIOE reeiRr i t he
person is burning at that instant could be determ ned. |In_another exanple,

a particul ar rhyaiif dnfeepatign pyatemy arPereanal digiiel agsisi@nk(BPAbna mat can

indicate that a JpgheoNmessahdkbbdcaiRi@ set of stairs, and fromthat one can
infer how nmuch energy they are using. In another aspect, QOK’[ f at
r

measur ement (02§61 f r §M$liem§e<lféh%éwéat'% enafle @ dysamimisealarkanchiresimest i vi ty
I ndex gener at ed |§40p} ﬁa(?@rﬁﬂf’wé@waﬂ&n Ani ﬁﬁd”é?/élsb'nﬁ’é%bhﬁ%?hé RsPBRsE € a

physi ol ogi cal |nd x uset ul managemnent o Ss or
car di ovascul ar Heerapyh gncopcammeriding alidred msmcrbasad dretheaptiyisitdepywinch

cardiac perfor nﬁﬂ&@cdl&dhﬁﬁﬁe%r ot ifividual patients. For example, a symptomatic
heart failure patient takes multiple drugs daily, primarily with the goal of

reducing the heart's workload and improving patient quality of life.
Mainstays of therapy include angiotensin converting enzyme (ACE)
inhibitors, B-blockers and diuretics. For pharmaceutical therapy to be
effective, it is vital that patients adhere to their prescribed regimen, taking
the required dose at the appropriate time. Multiple studies in the clinical
literature demonstrate that more than 50% of Class Il and Ill heart failure
patients are not receiving guideline-recommended therapy, and, of those
who are titrated appropriately, only 40-60% adhere to the regimen. With
the subject systems, heart failure patients can be monitored for patient
adherence to therapy, and adherence performance can be linked to key
physiologic measurements, to facilitate the optimization of therapy by
physicians.

[0267] In certain aspects, the systems of the invention may be employed to
obtain an aggregate of information that includes sensor data and
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get a good picture of overall health, which can be conbined with

phar maceuti cal therapy adm nistration data. In another aspect, one m ght
find for weanplestihat a particul ar pharnaceuti cal correlParas2609t068128 smal |
increase in body tenperature, or a change in the el ectrocardi ogram One can
devel op a pharmacodynam c nodel for the netabolismof the drug, and use the
information fromthe receiver to essentially fit the free paraneters in

that nodel to gla‘dﬁnﬁ’ﬁfﬁﬁhdmaﬁaacri‘vw é‘%e@n_rﬁét bﬁ@fcbﬁrbo%blrﬁé“fhé ﬁé@r‘t Srat%CttHI{e"?” Iy
present in the serum of the subject his information could be fed back to

dosi ng regi mens.re$MraiAB LA fﬁ%‘bé’éts agppderaben @@F?aﬁ%“@th*ﬂérwbﬂ dhe ffluish a
sensor that ”ea%‘tﬁtﬁieé'ﬁ rs'oﬂf‘etﬁﬁé‘te{%ﬁ L1 ORBefg; a %tcﬁbrﬁreSHjE:'eQ @apgml and

that al so nonitor heart Tate, for use as g ris regnancy
moni tor. 68] |nIr¢f@rmabﬂutetbgétﬁalsactlvmeofsmﬁjse@ectsfd@épan euurﬁed)tmeﬁaﬁatetmat is

col | ected using pth% %&%Efﬁ‘ée?fsdcﬁ%s ﬁ’géﬁdt thofdRY FRF idstHad h{elﬁﬂbetrqglisa

| ocati on where i't I ned afrmoneo nore a
i ndi vi dual s to prisd ddeapedtirec heah raie goaes aipveh bithandsreapicatiopasnieeds of, dat a

collected from 0 f|ve five or
more. fitty or Mel malesembiodae s EirBloallih fhat s slleollS o EdME.

i ndi vi dual s. TheBycoamm;tlrigetH\aat, ahe amduné rof hnalotmaaltpellmtm |sebuyn|ngcattegbr| zed
according to dlff avalla to.one Qr nore

G rerent types inagtoufLos Gbghnngll ARG oSt SiAiEin oo b NE: BVpFBESEL : oner
groups, etc. V\:hﬁr@lédseoﬂ&fwtpaklatac@@leﬁétldihad@tan@ah heliciie hhasatgersorimid t he

access of an |v rou t he type of data that can access. For
oxanpl e, dat Y 9Lu5p.50up Lo e, {vpe ol dala Lhal, guop can access; Fo

are suffering freey the S moadotheprasa@@l toaily NGt trhgasipemente b gatiiogn. The
data can be processed and e devel op easy to follow d| spl ays

regardi ng pati enPERASE; %@é%'gﬁe ﬁoﬁ‘ﬁﬁ}eﬁ‘d’t’ﬂgh%ﬂ éﬁq'V'th@Céﬁj‘eO%@@tﬁ%ﬁr Oth

general health. f@émﬁﬂétldf’?m)ﬁ]"eés&%dtd”tﬁn@rrk@#éotocgf’éheﬁétéeas?h&%@glbﬂflﬁdéﬂit' on
and see how their conpliance matches w th ot her tient nenbers of the

group, and whet hisefUl fRsymanagegnbpf Agvaign lossrraardiovassulashealiia prgsam.
experi enci ng. 'O’T{uY@hf@rH%‘nBﬁrcaﬁ%ée&‘émblﬁé?&’i/\ﬁtrh a‘F&Bc ﬁkﬁ@rn@&c@ﬂﬂ&ﬂcﬁﬁr@?&ess to

a mani pul ation e conposite data to see elr patients are matching
up W th patient gebfa ogdesh pitteeook,overall bbaii, nWltiEJ@f gani p¢ oeamerinech With how

real pharmaceutical therapy administration data. In another aspect, one might

find for example that a particular pharmaceutical correlates with a small
increase in body temperature, or a change in the electrocardiogram. One
can develop a pharmacodynamic model for the metabolism of the drug,
and use the information from the receiver to essentially fit the free
parameters in that model to give much more accurate estimation of the
levels actually present in the serum of the subject. This information could
be fed back to dosing regimens. In another aspect, one can combine
information from a sensor that measures uterine contractions (e.g. with a
strain gauge) and that also monitors fetal heart rate, for use as a high-risk
pregnancy monitor.

[0268] In certain aspects, the subject specific information that is collected
using the systems of the invention may be transmitted to a location where
it is combined with data from one or more additional individuals to provide
a collection of data which is a composite of data collected from two or
more, e.g., five or more, ten or more, twenty five or more, fifty or more, one

hundred or more, one thousand or more, etc., individuals. The composite
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patients respond to a given therapeutic treatnent reginmen. Additional
functionalities can be provided to the groups given access to the conposite
data, whewe 28watisfiancti onalities may include, but are n®CTIUSRIMWABILS:
ability to annotate data, chat functionalities, security privileges, etc.

[ 0269] The receivers may be part of the systens described in PCT
Application Serial No. PCT/US08/85048; PCT Application Serial No.

PCT/ US2007/ 0242%@@‘&%'@5@%@% @&@3/ @ Logdgored éé&?ﬂrdlﬁ@ttbod]ffcﬁ%ht al No.
PCT/ US2007/ 024225 publ i shed 2008/ 063626 and PCT Application Seri al

No. US2006/01 wmrﬁuamimﬁéi@ %\@”Wbezo)@eﬁprmq dgferemdyRRssefl BOuRe $£-Bf whi ch
are herein 'nCO:p%ﬂéﬁtt eg?ro@é(s r ¢l Nesre [ H2éMonkp ngﬁﬁ@%da@t%e WHdie 28 her

aspect of the present Tnvention, the receivers 'ement ed in
various ways, i meaniellagpreel daﬁﬁ)h‘@b{tk@lﬁl@h@éﬂpdﬂ@lt the §@¢ﬁSS|qfq§hmltV§blgé0lﬂeV| ce,

such as a SUbC“HS‘Qﬁé’L@% naT"dﬁF‘a tt%l?‘brré’ugoelﬁéﬁ %[c@éédé y F%E@xhﬁ%bé)rda%’?ah' ghed

devi ce, such as a per ver
conjunction wit hi:oliecdwar@m ddhundeed slyfetemhlnmdu@‘aébatoarersuffermgrfrom the

configurations f .t ed . to h escri bed
in PCT Appli cat (B ﬁs%ép‘%Pﬁ‘ﬁ@s%% ird Bheg HE Hg0888, 0773;

PCT Application pﬁmesaéd Nmd élﬁﬁi!o@déd(l@?de\&ﬁﬂﬁé&)pm@Ifblkimdlsaﬁay\z\ﬂe@@ﬂmg)%1 83;
PCTApplication %%@?%I No. .. PCT/ US2007 024225 bl i shed as WO 2008/ 063626 and

PCT Application forRpianGe ¥k Aok %ﬁ‘f’ﬁeb RRYF AS9NB"H6PE"1871 s;
t][\e di scl osulr es mhlﬂlmeaherﬁrrﬁerh?éreldﬂtheﬂgr@t:ﬁ@gataedesiséfthlrsehfermm afdhseeexanpl e
Ol a persona sighal receiver or se w.t 0S e aell stens IS a
Tpatch® recei verDiGYAITPIINGS feaiches Wife SLIET PAIENLEBAIRETS 6F 106 GIOUP. ot her
i npl enent at i ons dnaAckiétReBthdl i e baahw.r@rth@rbén\énﬁscm@s@tr@esnafeeexd;éheﬁ@.rrﬁg

i npl enentations, the receivers may be inplemented as a personal health

si gnal receiver Bs¥cidRPEE" vRIAPCHhEOHBEY CaB. §ISO (06c HAUCY n3¢EES Br it hin

cl ose pr oximty rﬁéh@ul@l‘ilﬂ'ayof tﬁ@%h@)@éﬁ‘é’dé@ tb%é'h\éﬁ/ tﬂ@?fﬁﬁ@rﬁg%r@n%'tcgﬂ% from
an in vivo transmtter |ocated inside t The receivers in

accordance wi t h Uphith pafiemisef aherdastqss eﬁﬁ‘@fﬂbtalﬁ\k’éﬁtql Wprﬁwoﬁloﬁd’% eal
fﬁ{‘fe: lgi‘”ed tor éNt§ r'e%c?ﬁd%{ 'aoguvfeﬁq\ﬁ\hféﬁgﬁ{] ?r‘é!alfrﬁ r%@ & Adtitfdhafts
gent eve mar ker I'S
functlonalltles can be provided to the groups glven access to the
composite data, where such functionalities may include, but are not limited
to: ability to annotate data, chat functionalities, security privileges, etc.

[0269] The receivers may be part of the systems descrioed in PCT
Application Serial No. PCT/US08/85048; PCT Application Serial No.
PCT/US2007/024225 published as WO 2008/095183; PCT Application
Serial No. PCT/US2007/024225 published as WO 2008/063626 and PCT
Application Serial No. US2006/016370 published as WO 2006/116718; the
disclosures of which are herein incorporated by reference.

[0270] In accordance with another aspect of the present invention, the
receivers may be implemented in various ways, including an implantable
device, a semi-implantable device, such as a subcutaneous device, and
an externally applied or positioned device, such as a personal signal
receiver and each may be used on conjunction with a dosage deliver
system. Examples of receiver configurations of interest include, but are
not limited to, those described in PCT Application Serial No.
PCT/US08/85048 published as WO 2009/070773; PCT Application Serial
No. PCT/US2007/ 052845 published as WO 2008/095183; PCT
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case, the receiver 105 may detect data associated with an | EM event, such
as the adm nistration of nmedication including a radio frequency

i denti fi ewol2oloe76E5ker, process and forward t he data toPamaiShe9/06s2s ce,
such as gluconeter 110 and/or w reless device 115, for further processing
and forwardi ng to dosage manager 160. [0272] In certain aspects, the system
further includes an elenent for storing data, i.e., a data storage el enent.

The data storagen@liesRnt Bedabend. CWFVU%@OO‘%Q@@S? VHEJQIléHBd The twign
"conputer readabl e medi unt’ as used herein refers to &%@E@%SI cal storage or

transni ssi on med0QRI06RE26 padtReT fapdeation peraliNg-idgS? DopblishRg or dat a
to a conputer fgs W@Qd}ﬁd/%ﬂ@df@d|96|8§Lﬁé§'oﬁgrhlclﬁxﬁfgmg?éﬂqgﬁq?é&ﬁ%eblgﬂd

i ncl ude fl oppy sks netic tape, a har
integrated cir Ctieflere@e emrmpjeuoéalpecﬂs@wl signalgeeengyuipewse wibidbsagear d

such as a PCMI %eﬁ\?x{ 9ts§/%ﬁah dd'% b« 'b%tch“"@%&{lﬁr %rmd"v%lysb.’i‘ﬁiéedj 1 LGE SR Br

internal or exte € conp contarning ormati on may be
"stored" on con@pperel oézdagdre mrumplammaldhstloclud@a weatband &c @andiVhg

|nforrrat|on suc (i S agce ev I te by a
conmput er. th %Cég%ctdetk'éecongﬁtg%g %ﬂgﬁt%ééﬁs ﬁ% rg’él %r?t %né)'rm?e;
refers to mermrymphatentaj msrarmwsﬂnal FP@ral‘rhrEagnal meneiver lassomntecdzrvaﬁedqd:)y

term nation of th elecri p ut er rQcessor .

Commut o horas ur 98y ety [dcal ingiiPRit BoS8 Ph Flhu Y 2 BRGF ST eciay

fl oppy di sk and r&@/@a@d abtodxarpnaskfrom a:lﬁrnniﬁ\litﬁmansmﬂtt@f pcafsardsioe Ancess
Menmory (RAM i s&]%géexarrpl e of non-permanent nenory. A file in pernanent

menory nmay be e bl e and re-writable. [0273] The invention al so provides

conput er execpgzril e TRet fedeivb@N$n (dccBrdands oG NBicing detheobrasest t he
above net hods. The conmputer executable instructions are present on a

physi cal conput dIVanEaRHRYAIFRBP GARITIONERDLICPARYY INRTREALIPRVOA PBAT $RUITes a

conput er readablg weli diEncNMAGINGH e%ﬁgﬁm%%rr@irfﬂpﬂatéseWHbrﬂﬁa?% g and
processing a signal %Fnerat ed b a co osition of the invention, e.g., as

revi ened above. CROQ7UE 1®Seiver 1@ ! datn @esqqiatad y4ihean JEM eventer est |
the receiver ingpdes @hé%ﬁﬂgﬁé{%no'bf SrHé’cﬁ?@étFonC%%ﬂﬁma rdY RiquBndpr i ety

of different
identifier-like marker, process and forward the data to another device,
such as glucometer 110 and/or wireless device 115, for further processing
and forwarding to dosage manager 160.

[0272] In certain aspects, the system further includes an element for
storing data, i.e., a data storage element. The data storage element may
be a computer readable medium. The term "computer readable medium"
as used herein refers to any physical storage or transmission medium that
participates in providing instructions and/or data to a computer for
execution and/or processing. Examples of storage media include floppy
disks, magnetic tape, CD-ROM, a hard disk drive, a ROM or integrated
circuit, a magneto-optical disk, or a computer readable card such as a
PCMCIA card and the like, whether or not such devices are internal or
external to the computer. A file containing information may be “stored” on
computer readable medium, where “storing” means recording information
such that it is accessible and retrievable at a later date by a computer.
With respect to computer readable media, “permanent memory” refers to
memory that is permanent. Permanent memory is not erased by

termination of the electrical supply to a computer or processor. Computer
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protocols may be enployed in manufacturing the receiver structures and
conponents thereof. For exanple, nolding, deposition and material renoval,
e.g., plaweromprosassi ng techni ques, such as M cro- El ect poT/Use@bansical
Systens (MEMS) fabrication techniques, including surface m cronachining and
bul kK m cromachi ni ng techni ques, may be enpl oyed. Deposition techni ques that
may be enployed in certain aspects of fabricating the structures include,

but are not i mﬁa‘#‘didﬁ\% RO LS. GRORE At LiseBHhAHLA PEROASPOBLROMMN flophyas M
spray, sputteri eam evapor ation, physical vapor deposition, chem cal

vapor depositi orﬁgSkp@% RY Do Areait XRIBPISRI o AETVARRIT NaIBeY t RaRdoraccest er i al
removal techni q%ﬁémi)r’}ckﬁ'ﬂﬁlgwsbéﬂ T [g)toflddpql 3& ah@n | i3 }gveAl R &t ching,

ani sot ropl ¢ chem cal “etchi Isotro | c chem ca | anari zati on,
e.g., via cheni mrm&wﬁmﬁmwy pay b Rditaple aa@é&wat@lb&tu on, electronic

di schar ge mac EQern%ﬁ aldd Bt%vf?jte§ cBH?uf%tex%Eﬁ‘tab!‘et M%’t%cﬁﬂ%né?

pr ot ocol s. |nt res certain as anar processing
protocol s, i n V\mr@g'ramnmug)t UOESpeIfoemtng Ithe upbw&j/methpésmve'ﬂhé rmmyauteurface

or surfaces of a t S er ent
material r ermvalae S%@h%l S@&L‘)%gp% %Pégﬁemé%p% éﬁ)gst e su %C%gelf n a
sequenti al mannenedidiml usAccmrdmglyf abel maemntam rpetb\hdnis a)fcamnwereseactabée
described in greater det? in_co erial

hoT Usaoos) 0”1 aaedime sactinion W SaRENBrO AT cie B adisdhn e BlosZrufigin by

reference. [ 0275]signal genteited aype cdosnpasftiont @retr@h&ivbnmﬂp@geru§ révewdIe
enpl oyed to fabricate the receivers or conponents thereof. For exanple, an
of f -t heshel f i n&PP¥frent ati on anplifier for the input anp may be enpl oyed,

e.g., in bare[gh7a]f ong rdviesicdmabd, Cin gértdi®raspBe@nof-Eyedt, the @eeitd C, t hat
handl es the dermdul ator, the nenory, the mcroprocessor functions, and all

the interface f dri‘f&‘ﬂq%r%S%V"B@“Qﬁ%rewpp?ﬂéomp&%% tAmr OfAayariedy aditietent heshel f

chip, e.g., in th&oBbXeeayBETEMHIGR |ﬂ%9ﬁuﬁﬂctuﬂﬁ@% texcRRPSAVEErdsOsndTedi cal
inplants. The clock may be a stand-al one clock,” or the device may have a

m croprocessor tqf?ﬁtpoﬁaﬁtsa”‘@ﬁ&fk tor | exarple,[ owiding. Adpresitionoang haaferiabnt i on
‘;ggtelhsrer' pg'cgf'sergﬁuggé%?ﬁe H3h&9 prré‘é‘e%‘smgﬂjechhlauﬁgt \%EE’}% & M%ﬁ?E}é%fré a
put signal in so manner ere the 1 nput signal

may vary. ExanplMgchahicahystesisytIE8IS) fabrication techniques, including surface
micromachining and bulk micromachining techniques, may be employed.
Deposition techniques that may be employed in certain aspects of
fabricating the structures include, but are not limited to: electroplating,
cathodic arc deposition, plasma spray, sputtering, e-beam evaporation,
physical vapor deposition, chemical vapor deposition, plasma enhanced
chemical vapor deposition, etc. Material removal techniques included, but
are not limited to: reactive ion etching, anisotropic chemical etching,
isotropic chemical etching, planarization, e.g., via chemical mechanical
polishing, laser ablation, electronic discharge machining (EDM), etc. Also
of interest are lithographic protocols. Of interest in certain aspects is the
use of planar processing protocols, in which structures are built up and/or
removed from a surface or surfaces of an initially planar substrate using a
variety of different material removal and deposition protocols applied to the
substrate in a sequential manner. lllustrative fabrication methods of
interest are described in greater detail in copending PCT application serial
no. PCT/US2006/ 016370; the disclosure of which is herein incorporated
by reference.
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i nclude, but are not limted to: transbody conductively received signals
(such as may be received froman IEMor smart parenteral device), signals
obt ai ned W9 2demi76B5sensors, such as physi ol ogi cal par ameCenSand/ 068128
environmental signals, etc. Various aspects of the invention further

i nclude the device acting in sonme manner in response to receiving the input
signal, e.g., relaying a signal to a second device, delivering an active

agent to a SUF)Z?@] Wit BeMbih Clypkbi8, @AMhEShdIP camPORémS 8Fay BECempiByet/lo I N sone
met hods of invention, as an optional step, a signal is first conductively

transnitted frorddifaietha (eseivernenremeenenis dheraaf. aRon eXAMARe 2R OFBAi t t ed
signal is then rs%ﬁ'lﬁéﬁ‘én@ﬁtattl'& arn?&%tvf%? thé’\fﬂSﬂlearh%) rﬁ%y é)@mgFo%@de §oiR

nmenory, retransmtt to anot recelver a us g., ei t her
directly or viahbare e dOFGBV|@'¢St0@ ggic, @lﬁh@rx!fbraﬁalFP@BAOF #1 @n ABIG hibaiet hods

of the subject iy Irégfs’[ﬁ%d'efh \‘nga‘f& hf%emleﬁhow ‘éﬁg%{@@@@c&%ﬁg fg@%ans'm the

|EMis adm ni st ere i nges ect met hods
find use in the ditkatnefacedinctionamiayt e aseddi THeerarsmitemday belas offrthed udi ng

di sease condi {1 QeRRAld A1 ! e B KBy h 8RS HRIL HoBrghipE 20! ©

by with the subje s vari rve
agents that can rbedigal éselantd. nThhe:Icmkbmasztbeca)rstmmi alonmsloclfhustheddew@ese
conditions include,, but are no rdi,ovascul ar di seases,

cel lular prolifdPat e %FE%&@&&eSS&ﬂ ggs ﬁ‘é%opﬂ%%‘m € di seases, aut oi mmune

di seases, hor [oaT8| abepsds@bf the |dvaﬁmeartme'rf|@@M@u@trdjos&ﬂssmg rpaemers
managenent, neurol o tpoagéﬂ' seases, and the | 0279] By

treatnent | s medptm | eRAVaReId B eV enara bt kSR ST o i th
the di sease conghdnren ahbld eid Nput ReyrRvh&E vanwhan@ne oplirdut @g@a& used in

a broad sense to refer to at least a reduction in the magni t ude o
paraneter, e.g. YRR FH AW IKRIRY Q- tIFANSREAD KPRIIYPY ICCENAYI Y9 bei ng

treated. As SUChs d AAHEPBE Bbdifod S UHAENFb! SHk BRRNIIST Rovides s@?{amol ogi cal

condition, or at |east synptons associated theremth, are conp

i nhi bited. e.g. obtaineshtayd deyieen SRASPENI SHgh 88 myéwalep@am@@fnam@(%d such
that the SUbJ eCtenOPoﬁrﬁ@&ﬁLs@hﬁ@ &ie. \fér%tagﬁecﬁébhmeQHY&ﬂlbng%%r ih@be OF at

| east the synptons that c act’eri ze the pathological condition.
Accordi ngly, "treatevige ading'inseaermsanner @i respdnseetesieceiMioy tlde mput signal,

e.g., relaying a signal to a second device, delivering an active agent to a
subject with which the device is associated, etc.

[0277] In some methods of invention, as an optional step, a signal is first
conductively transmitted from an in vivo transmitter, such as an IEM. The
transmitted signal is then received by the receiver, where it may be stored
to a memory, retransmitted to another receiver, output to a user, e.g.,
either directly or via a third device, e.g., an external PDA, etc. In the
methods of the subject invention in which the in vivo transmitter is an |IEM,
the IEM is administered as desired, via ingestion.

[0278] The subject methods find use in the treatment of a variety of
different conditions, including disease condition applications. The specific
disease conditions treatable by with the subject compositions are as varied
as the types of active agents that can be present in the subject
compositions. Thus, disease conditions include, but are not limited to:
cardiovascular diseases, cellular proliferative diseases, such as neoplastic

diseases, autoimmune diseases, hormonal abnormality diseases,
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preventing the disease fromoccurring in an animal that may be predi sposed
to the di sease but does not yet experience or exhibit synptons of the

di sease (Wwoaptwd7ansi c treatnent), inhibiting the di seas@CralSoano0es108
arresting its devel opnent), providing relief fromthe synptons or
side-effects of the disease (including palliative treatnment), and relieving
t he di sease (causing regression of the disease). [0280] A variety of

subjects are treogbafld AL NPal? hBfagieSRNIndIRIBGES. isRgeal |eY%,5UCh
subj ects are "mammal s” or "mammalian, " ere these terns are used Dbroadly

to describe or g#@WIPRY, ARV e li€e within the class mammalia, including the
orders carni ngz‘%ﬁe- @gtr@éiﬁh%nﬁ@nfé%?)at I%e% &Rt hRefiGaflon ofiisE sy@ptdped Pi 9s,
primates (e h I'n

d
and rats), an . 2. ¢., humans, chinpanzees, and nonkeys).
representative @spedaied wib dbjdseasenicondiben haiiielisg [re2supiech wdetai n
aspect s, the subjgibBhAQUSeq fa SRREIJNEE 18 RAEY AT6dTRlBANRIORfn FRDaI Ng 2
di sease condition, e.g., over an extended period o I me, such as one week
or | onger, one moagriiiude of arpgeametsr,xe.gosynionr assncgpded with éhe patholegickbnger ,

two years or |lo o L i o] a1l j ect .. may be
enpl oyed in con%%ﬁé'%'?%h}é@ngttﬁe%ge?\dé 'E\)? g%ﬁz'reggﬁérﬁiacl)sr?a'ﬁdgy%eg@eat'gﬁ%g’gg%nt
protocol s, e.g. hebethologital nohditiorgor lahteadt pyropioas sssoniatal ithemwathc atear

di sease nmanagenent uch. .pacin rotqcol.s, cardi ac resynchropi zation
protocol s, ete: comRsely iahogRdy e frrenlra, fim dnrentg. L grhered 60 a

vari ety of diffesenhatddseasethapiit sulgas; nelobgbO2&#drs Ifivnt @id pathorgrRacts, the
met hods i ncl ude nodul atin a} t her apeutic reg{?frren based data ol%t @i nefi from
the conpositionso" BPh’eQ'él%‘ﬁl %?Stq@?asmeﬁoﬂ‘é é’lhﬁ@?t%?iec S RgiNg ggal

i nformation abowongi@bh.enhcsRdnblyanggatiigt horartiRaehedt ket tdiRaapaHtiuged €gi men.
This data, with or without additional physiological data, e.g., obtained

usi ng one or nOMECEENBGr e raRsEs PR FEHEBE b3t aanigak dhalhétaiRe, may
be enpl oyed, e. gyredidhdsBdaRPHAST Hiddssed@t ARR hoPlyet aspdRehdee®r bhitiRke
determ nati ons of whether a given treatnent reginmen should be naintained or
modi fi ed in sonSYR@OMe 0f the Bipeasrii(PiosayIngie Beatmenddiniiingntheegishase and/ or
Which & ¢ her apert e g B T o 57 eI om t e
conposi tion(s). orside-effects of the disease (including palliative treatment), and relieving

the disease (causing regression of the disease).

[0280] A variety of subjects are treatable according to the present

methods. Generally such subjects are "mammals” or "mammalian,” where

these terms are used broadly to describe organisms which are within the

class mammalia, including the orders carnivore (e.g., dogs and cats),

rodentia (e.g., mice, guinea pigs, and rats), and primates (e.g., humans,

chimpanzees, and monkeys). In representative aspects, the subjects will

be humans.

[0281] In certain aspects, the subject methods, as described above, are

methods of managing a disease condition, e.g., over an extended period

of time, such as one week or longer, one month or longer, six months or

longer, one year or longer, two years or longer, five years or longer, etc.

The subject methods may be employed in conjunction with one or more

additional disease management protocols, e.g., electrostimulation based

protocols in cardiovascular disease management, such as pacing

protocols, cardiac resynchronization protocols, etc; lifestyle, such a diet

and/or exercise regimens for a variety of different disease conditions; etc.
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[0283] In certain aspects, also provided are nethods of determ ning the

hi story of a conposition of the invention, where the conposition includes
an acti vewagerwo7san i dentifier el enent and a phar naceut iPCalusgooancsaps abl e
carrier. In certain aspects where the identifier emts a signal in response
to an interrogation, the identifier is interrogate, e.g., by a wand or
other suitable interrogation device, to obtain a signal. The obtai ned

signal ist he[bmpl OY@Geﬂté]nd&tp%E@ e Mcth@s! Fh@iudb%@diuﬁ&ﬁdgoa ABRBkulidhe
conposi tion, e.g., source, chain of custody, etc. In certain aspects, this

det erni ni ng st efediEEN baseddiata ebtairachtorn BaRRPositions.akay S¥8msie &i#i | ati on
of stored history,fgs oB#Aﬁﬁ%qy@&?Hchﬂés inf8%Sdion st M&ﬁ t%mgh'&derWl tion

find uselnavarlet rent applications. Medical aspect t he
present inventi cmpfﬁSGWQﬂethelﬁ@DQHtlprﬂecinmn arhisngatat aith erewith@d| additianaei r

therapeutic ar ”?ﬁggﬁb%@cﬂ a %%ggcfdtéﬁné’cﬁ’g&ﬁﬁto‘?@tﬁ’}ﬂ%ﬂeﬁ%%' EééH

phar maceuti cal nts-ac Ivere e app |ca i ons of
thi s new i nf or nesensor dmmeseieanrdbewabm aray reuémplofed,ce.g.Apfithi apatopoiags

include, but ar %egl‘%{onl {d&st (5e03|re%12%3 it 0%18{8 rﬂ%ﬁg&ﬁé g?twr?e?ﬁ%)r' 5@\9&1 Wi th

prescribed therapéutic regqi uti ¢ regrnens based
on patient conpltieatoent r(a@)nemmhomtdbmmapnamedmr amdﬂiedarmsemenway iery. Clayt
Each

trials; (4) m)nlto ng e _of. control syp st ances; athhelik.

of these differdh? "‘i% Bgtq? %tm%'c%od] e@é{{‘?’bﬁ‘g é"P@'@P%é\?éH'YﬁeQJ?‘EQt S det ai
bel ow i n PCT Applutisaimenodse of ahvéiQLonP(ﬁ'B{ddéO&ie%&U%,m RmcrApaolthé@rpbotrb Seri al
No. PCT/ US2007/ 024225 publ lSH WO, 2008/ 0951 ?3; ﬁ éo i.catjon Seri al
N, PCT] Us200v/ 558 S Ml ©AdisSs o Siom ¢a0s MamdnpesMABBKPaGL on Ser | al

No. US2006/ 0163380 pubbéﬁé]ﬁ%s?éct%a%@%ﬂqdééﬂe Ghethb@s @F eled@irigg t whi ch
e

are herein incorporated rence. [0285] Receivers of interest also
find use in conjfiewYrd G\PW‘HO%@PW kg ipyentiver wpetn ihe qaMRagdiongneluded; ect .

O interest is tfheadise ffent i BRHISY Embmt &ﬂﬁh%ﬁ%%uﬁ%él@ &tRblable
parenteral delivery devices, such as described in PCT applicati on seri al

no. PCT/ US2007/ GaIS541n SaBRINSIFEECEsVITE 200 gleptfiereamits awmﬁl Yr[e580R%e of
whi ch is hereiny, %O'Qev dgfaﬁ el |8érﬁff|%F“fserntét/P¥b§'étéls§ oy &WAnd tbtﬂﬁr W th

such fluid delivery 'such as a snmar renteéral’ device
recei ver may be stii@fle gotegagaion dew¢asdodeditain a signal. The obtained signal is

then employed to determine historical information about the composition,
e.g., source, chain of custody, etc. In certain aspects, this determining
step may include accessing a database or analogous compilation of stored
history for the composition.

[0284] Receivers of the invention find use in a variety of different
applications. Medical aspects of the present invention provide the clinician
an important new tool in their therapeutic armamentarium: automatic
detection and identification of pharmaceutical agents actually delivered
into the body. The applications of this new information device and system
are multi-fold. Applications include, but are not limited to: (1) monitoring
patient compliance with prescribed therapeutic regimens; (2) tailoring
therapeutic regimens based on patient compliance; (3) monitoring patient
compliance in clinical trials; (4) monitoring usage of controlled substances;
and the like. Each of these different illustrative applications is reviewed in
greater detail below in PCT Application Serial No. PCT/US08/85048; PCT
Application Serial No. PCT/US2007/024225 published as WO
2008/095183; PCT Application Serial No. PCT/US2007/024225 published
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regardi ng the actual amounts of therapeutic fluid that has been

adm ni stered. The receiver may be configured to conbine this particular
data wi t wotzhmvo7saFevant data, such as anal yte testing aaraS2@apssios ogi cal
data, etc., where these additional types of data may be obtained with the
recei ver or another type of test, such as a dedicated hone use anal yte
testing device, etc. Furthernore, the receiver nay be configured to take

one or nore act 'a‘%nW@%‘(ﬁ)@/Gﬁ%fzbear’foe@@'l‘/%%phdﬁn@h”@ér‘lém\lo' 0sdgs09ery not
limted to: relay data to a second device, nodify a therapeutic reginen,

etc. [0286] Al sPubfishest apeWMO 20641671 8atheoisdasuigs oh WHEN r&eehgidis ar e
not used to recgiyp, ?ra@d Hakeidrb. an | EM or smart-parenteral delivery
system One such a I cati'on o |nterest in which receivers of the
invention fi nm2§§é i Bepﬁlv@i@l dleintarestsalse ding uset BceanmunCtion atithdeelivess of ncl ude

an epi | epti c Se'tﬁé‘rﬁﬁ L‘rﬂng:@ﬁ@ée gd‘ga”%%%}%cg’ éﬂme*eemg%ee uﬁé of MY FEpanRSs ErP enpl oy

one or nore types O erm ne whether the sub ec
about to or is svhjuacliiorgwithamarhperfintezplt deliveri deviees, Acclradi d@cybed n t hese

applications, o r p f _ph th the
recei ver and pr c@ﬁs%@cgt'%t%?'ﬁ? n@mﬁ'ﬁg@?@b ‘E’% c@bﬁgﬁ% 5?e\gldmor IS
suffering from 2008/0082®t;ithe slescmsuaa ofl whioh lieehensdr ithsorpbleted by eefeeancenpl oys
obt ai ned physi ol,ggical data to a s ur, redi,ct.i on or detec

oot sure occur r eniies Bied ABobel G SO HE el Feusued st BRaShiad 1
ghese ﬁppl i cat i gageriiael Ltﬂ;i‘nc%b ecttg crea@@@harhaggro@phﬁnﬁdﬂz‘:@ dakeceivke eater onet er
ata, heart rate

ata, etc. A single e of t ai ned or
Fo e e o't resdifinb, Be cagaamomy %5t hbRRei T FRY.BSs e hneke &
determ nation asdhfinisfeeddiemha resdN e Ghay Be addHGuUred 1o Tombideethipatic@ar an
epi l eptic seizure. In sonme instances, data obtained by the receiver may be

combi ned with d&tai2 MBRkRHEleVaBLFeiEs Seritapapalyiss iagling daia@hysglogical

determ nation. [RtR diRYywhBfd 1#dSe afjel"tloﬁéqétvrpéseof @atg'ﬁéy BE Lbihetl @NRkRE € on
the accel eroneter or heart rate variability. Sensor data may be integrated

fromthe EEG eirewYerd® Fmtkorope b teyiscee 5 aage@ﬁataﬂmqm%ﬂ% iaAplyte ~as
desi red. Wth g‘ééétfna'c’f‘ev%t jiSt Fﬁﬁfﬁrn Sucﬁ@ﬁeé’éﬁé‘r%a nhg ed tBHEkeset of

events t hat up“to a Sseizure |nstances therapy nmay be
adj ust ed based @mesesi maieeagions ®ased oaetbeuf@celvadelmfcwrmﬁqn anclodind it ek

limited to: relay data to a second device, modify a therapeutic regimen,
etc.

[0286] Also of interest are applications in which the receivers are not used
to receive a signal from an IEM or smart-parenteral delivery system. One
such application of interest in which receivers of the invention find use is in
epileptic seizure detection. Such devices include an epileptic seizure
detection module, which module is configured to employ one or more
types of received data to determine whether the subject is about to or is
suffering from an epileptic seizure. Accordingly, in these applications, one
or more types of physiological data are obtained with the receiver and
processed to determine whether the subject is about to or is suffering from
an epileptic seizure. In other words, the receiver employs obtained
physiological data to make a seizure prediction or detect a seizure
occurrence. Physiological data that may be obtained and used in these
applications include electroencephalographic (EEG) data, accelerometer
data, heart rate (ECG) data, etc. A single type of data may be obtained or
two or more different types of data may be obtained and processed to
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may be adapted to these needs - neasuring EEG or adjusting therapy. [0287]
The receiver may be configured to nmake the determ nation using any

conveni erwoppwsal. One or nore al gorithns may be enpl egedsesoobsiese t he
obt ai ned physi ol ogi cal data to make a determ nation as to whether a seizure
is about to occur or is occurring. Exanples of such algorithns include, but
are not limted to: algorithns for automated sei zure warni ng (ASWAs) (for

exanpl e as descrhfeds U@teﬂ%hia't@ﬁ'%g téJthﬁférﬁtﬁfbﬁe%t Redistk oNG s ARARE Zbr3786) ;

algorithms for detecting chirp-like tine-frequency variations in an EEG
signal (for exardl @Ila@tm@webé@sweS&tarhctesaﬂata Ob%HPﬁdy@i HedecaiqrZid%e EEG in

kindl ed epil eptig E@hSined Qﬂfﬁf’Hét%tﬂré’rﬂ%thérngou'YEéy%ﬂatzdr(%@éss@SttBOr%ké 'ﬂi
Medi ci ne, Vol unme 8, Issue Decenber , pages ; etc 0288] In

such appl i cat i orsslerpingliont i Ratadnayiinchiei & examale, epHistpative émazuneeorrray
result in a nunheg ?gct,el Weﬁér%ﬂgaﬁcrﬁ ec\fé?lab'h@r tsé’égfs&r B?fa%ﬁﬁgﬁe |ﬁtQ§ra‘E§oce' ver

may be confi gured uce an alert signal may
or may not be déltomﬁrmlEé(?c eithee asutrreot Ihd:eystenamrpa@antdmilaherrtpusl@nal may

take the form ofy ?P%@U%FH @ﬁ(pé g%tléaétre h%n%a}ﬁ\@ﬁ ﬁjg &% ettﬁgt %ﬂgay the

subj ect. The aler i'gna s sent’to a l'th
care profession evenksttheirleperusdn a seigure. \n gueh iMstarices smedicailthecaly inoay
protocol. The alert .si rent ways,

I be_enpl oyed i,n .a
B o 0% al ort - il Baselth SR SRR B o VB TbmBruRlie’ 85k
subj ect, to instm@,alb@a@apté@cﬁ tfh]?_sané@nﬁamﬁeﬁshﬂ?g E@Gmdj@stmg tllhéraBQ] IE sone
I nst ances r 1's . conri COS I1leptic t era
dovi oo, Cwher ol0deZT T odBE vEfeiVeImatdE SoTHacL it Make 1BS SR AR s
such as a phar rrwlc@gmﬁéntqrro@b@ct@hecaﬂ mb@r@g@mhm rﬁ@ﬁ@@emmoyeurwméwse
i nstances, the prediction or detection of the epileptic seizure may

enpl oyed by t he Ysedle gelaines RMysicjagiaakdalgite arakecd F%F@'ﬁﬁt"m 8% t%‘%ﬁ%% by

delivery of an aCédi¥@eagd@BbuiddRur 8t %édduﬁmg SEXAMHPIBS IPRUSH aRjbritHniect i ng
anot her device to take one or nore of such acti onsz@ Al ternatively, an

exi sting epi | eptiQudehdisye peblioied (eregopEnimedPf Re@MsetacEHe Waitdi ct ed
or detected sei zuggya f& exdn’fblé % SlinedPR hs @ﬁl'téU'S‘a?ésCPatbﬂgﬂB]

Recei vers of the iInve |on use | racki ng applications, In
20070213786); algorlthms for detectlng chirp-like time-frequency
variations in an EEG signal (for example as described in Sen et al.,
"Analysis of Seizure EEG in kindled epileptic rats,” Computational and
Mathematical Methods in Medicine, Volume 8, Issue 4 December 2007 ,
pages 225 - 234; etc.

[0288] In such applications, prediction or detection of an epileptic seizure
may result in a number of additional actions. In some instances, the
receiver may be configured to produce and emit an alert signal. The alert
signal may or may not be detectable to the subject. For example, the alert
signal may take the form of an audible or visual signal which can be
detected by the subject. The alert signal may also be a signal that is sent
to a health care profession or other person, e.g., via a wireless
communication protocol. The alert signal may be employed in a number of
different ways, e.g., to alert a health care profession to provide assistance
to the subject, to instigate or modify a therapeutic regimen, etc.

[0289] In some instances, the receiver is configured as a "closed-loop”
epileptic therapy device, where the receiver includes an epileptic
therapeutic component, such as a pharmacological or electrical
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whi ch one or nore persons, e.g., patients, soldiers, etc., are nonitored
over a given period of time. Receivers enployed in these aspects nmay

i ncl ude awountwar’saf a di fferent physiol ogi cal and/ or enecrarsaeaed12&ensi ng
nodul es, such as the accel eroneter and ECG sensi ng nodul es descri bed above,
in order to nonitor health status of a subject over tine. This data may be
conbined with positional data, e.g., as provided by a GPS nodul e, in order

to track a subj Qﬁérapé&th: é&ﬁpﬁ&fétntt% Hé%étlhé?ﬁhc,%% %éM@@Fch@rﬁ‘o%eie‘cﬂ&a of 0291]
One specific type of tracking application of interest Is the tracking

personnel , e.g. th%ml@p@@ﬁ@tzhfeemameaﬁmraexqw BRpresVRIe insdigaierRpileBich as
m|itary personnr%%rah«ﬂ (orbBkhSEl 6] chefd] Pant hihoratbriientys: BRRane! 1n @

fire setting, hea care personnel spita I'n suc
appl i cations, r&teiuatios @fby Idéectmgeamtbﬁr ﬁa\yce e Itakee ope st mekeab! Feeiul es f or

determ ni ng Ce”a%hShsghy?Mt% %b&l aﬁtgﬁﬁﬁnsg""iégﬁébé%r fhefabis gbtbébltrﬂﬁ%sr?é“ ng of

i nterest. For exanpl unc | on term certal

physi ol ogi cal streqdifiedvbasdd @netheomfﬂdmtetdabt ldefactdcd selanrdi ta.@ndn neynsoef
present. Exanpl es, gé aée}'on B tional nodul es include the accel eroneter and
ECG functi onal g sctived above, as these particular functional

nodul es provi {11290$ef Eiecellaelas mfaganrmelmgommlmlﬁrtoyumm wvadkirlg amdlicaiidns, inthen one
or nore of criti limts are reached Inp(?ﬁﬁ nor e S|oloe€|cal st af es of

h
interest (for e &t "BBITPErONY 78 oF REEE o s RN ign

activity is no Icvegergua@leqaﬁckﬁbf tifnlae Recaversrenﬁmaydmemcm@ée @gpectstrmaypend a
warning signal to a |eader/ne unit, thereb |n|catln tha a soldier is

in need of i nmediQ% %gp@betg aQQ“&FFH]té’hV?'?'OGE ?rLFF”é/'rQ Sgt5M%he

receiver indi catrgodifdd] suERhE&ie adtéldrbmbtdr Red FidisensiAg hﬂﬁMletsEU&@F@éd" e has
begun to fall below a specified mninum receiver may automatically signal

the | eader/ medi GPAMEtINAHELTAOIBARHRN Mealih Blatyapl 2 ﬁblbl%tl QHestimes Thig &l

suf feri ngfrom hypay B@Eé%@meﬁﬁth'&%ﬁi%halodatémedgCaQB%vﬂiéd"kQ/ 4 bpd eedge/ medi c
unit or a person operat%ng the central control unit may then notify other

sol di ers or nediikaldepéa BUBjRCLVHEN rpleect i pcatioeas alfincdipn ShiiIed be _
treated for t rﬁg‘ifndtﬂyf e%ﬁlcstgﬁ’é‘ o@?ra@l%ﬁ? alﬁgﬁbatlghrﬂf iftetebt Isaﬂﬁpensw sol di er

can be nonito tons and severi Injury or sho g from
bl ood | oss. [ 0232 sannet, IseG ewapkpbéreannabirs an@@we eapiyr@nt saiinpesuahsaoni zed

to the military personnel in a battlefield setting, fire and rescue personnel in a fire
setting, health care personnel in a hospital, etc. In such applications,
receivers of the invention may include functional modules for determining
certain physiological states which are common in the setting of interest.
For example, functional modules for determining certain physiological
states which are common battlefield conditions may be present. Examples
of such functional modules include the accelerometer and ECG functional
modules described above, as these particular functional modules provide
useful data regarding mobility and vital activity. When one or more of
critical limits are reached in or more physiological states of interest (for
example the soldier is no longer mobile and/or vital sign activity is no
longer adequate), the receiver may be configured to send a warning signal
to a leader/medic unit, thereby indicating that a soldier is in need of
immediate care. For example, if temperature sensors of the receiver
indicate cold weather and that the soldier's body temperature has begun to
fall below a specified minimum, receiver may automatically signal the

leader/medic unit and a command unit that the soldier is likely suffering
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particul ar wearer. Thus, a given receiver may contain information about the
i ndi vidual such as allergies to nedications and ot her nmedical information
whi ch wouwo 2bm/G76p6rt ant to nedi cal personnel treating Phe/tsaavwssioanl .
Additionally, the receiver may keep a short physiol ogical history, such as
the body tenperature, heart rate, body positions, blood pressure, oxygen
saturation and novenent for the |ast four hours or sone other tine period.

The i nf ormati on kAR hsSotheFVAr FRe Iéébe@of hRlatt é&—ﬁéﬁ{g{ ﬂﬁ@dé@déﬂﬁhédl@ﬁnﬁ be
command unit upon request. This can be acconplished either by the renote

comruni cat i ons $yRIraen @PerﬁH'éQ theceaniral congriol yiit Bnayitherepotify pthengolpiersveen t he
recel ver and ¢ hondasiGid IAGE pHBic adcRaR KRR KR B hiBaerpRAl o Lnit.

arrives to treat t 0293 ese a i catlons, e receiver or
| eader/ medi ¢ unicongdigan daSI SOP0 RS smsf»l\h@r efiSlfTiIhfifhh,alfieV\fpl:mdqmL Geidierngagiedance

and medi Ca' deci rﬁt’&rédﬂ%?%%pto@%déd{db?é‘v% {(}/yofl (SPBEOGHSNTY ?ui Qe d

t herein, in the receive control I nf usi on,
drug dellvery, doss. venti | at or support for t he patlent, t her eby enabl i ng

b R

conmuni cate v ty o
| eader/ nmedi c unlnartmulammmeld hug, aagtvberrecew&n meyp eshyairomfermation efoobtir st s so

as to prevent en forces f omtr ckln the co catio

ocate the sol aitds rgREtal Rb° AR, alidfles BErnhdierttie; 2R SZatetahy as

i ndi cated by thenfb&ﬁ@twrv Waiéhqwmttreolmpmtatnt% nesuie nsbregtiniel te@&%find n t hese
applications, the_l er/ dlC be a portable device wo by nedics
26 ot her | eadedSGa | ARISGAN. oo rHeSe” (HBLERE: Sub PR oRtica
responsi bl e. Thediegdenénradithe Wady teMpe@tea2hBard raMBYaY pasitions wiysd em f or
communi cating with the receivers and the command units, and/or may contain

a di splay whi ch PAPISHIR QxyMgen sakration AREMRUaMant fRsine fst fays hoBrsar SR of

personnel on theyhat ‘tlhf%f'&'n@d anthOrintPmutie &die dhUehedrasd cal aCQIéﬂit' ons
of each soldier within the command structure for that | eader. The

| eader / medi ¢ unil¢adeEyNadic éinileO MM rAPAMEI AK)itt BOQMECHURSAL | hisofan Hee i nj ur ed
soldier, and m CE Sgﬁléﬁed”‘%ﬂf\}@alby' @rﬁé’rﬂéﬁ{dté’nccﬂﬂnhﬁlch%sm’s%féni i ghpcating

to the site of t . dier en’used IS uni't ena Ies t he
medi ¢ to vi ew vireegivasi gney arfiregt le-up hetwamttherliecelver and the leader/medic

unit when a medic having a leader/medic unit, arrives to treat the user.

[0293] Inthese applications, the receiver or leader/medic unit could include
software/firmware for providing guidance and medical decision support.
Additionally, a microprocessor disposed therein, or in the receiver, could
be programmed to control fluid infusion, drug delivery, and ventilator
support for the patient, thereby enabling efficacious treatment even under
battlefield conditions. The receiver may communicate via a variety of
predetermined schemes, e.g., with the leader/medic unit or command unit
either continuously or in brief bursts so as to prevent enemy combat forces
from tracking the communications to locate the soldier. The bursts may
occur periodically on schedule, or as indicated by the leader/medic control
unit or command unit.

[0294] In these applications, the leader/medic unit may be a portable
device worn by medics and other leaders to allow each to monitor those
for whom they are responsible. The leader/medic unit may contain a
communications system for communicating with the receivers and the

command units, and/or may contain a display which allows the user to
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about the injured soldier prior to actually exam ning the soldier. Thus,
the nmedic is able to conduct an initial evaluation of the injured sol dier
whil e i n woansva7st16 t he sol dier's |ocation. Additional |l pCThSc@asesiehe

recei ver also conmunicates with the conmand unit, nedical personnel at a
central command post can instruct the nmedic on diagnosis and treatnent
options as the nedic is en route to the casualty. By continually nonitoring

the location andygiédls rﬁ&mfdﬂ@hé@cﬁh@r’fs’%f |§ér96'rhrTéI &ANhe (F!ﬁ&feﬂélﬁeﬁnd/er gasual ty
rates can be achieved. "Additionally, the technol oa used in the present

i nvention can beigpdne irkysiolaginal [opndifonmioiteach aelgier |vdtn dhefcogdpand n
civilian nmedi Ca'strﬁgmé FRIAAR Teadd| h’ﬁﬁ?éagj@P/HeG%rﬁﬂlt rHQ)‘?%c%ﬂféHH@rrh &St S.

[0295] While the above description has been provi terns t racki ng
mlitary personreithe bﬁ@thre@feiheenjyreﬁaw@@r @ﬁﬁlmgxeceqen/etma@nalngfoamthrype of

personnel, part 'vfr’n”ea\heirﬂecﬂ@ {‘Félb cHffindd hé%ﬁé 8‘9%é Hol uB&? @2% are

| ocated at a stationary poSi ten per i ods of
Non- per sonnel t maedkd, rtgisamﬂlenaalewhemmde: tal view pﬂaiwngiEcandR&b@lmf@rmahmy be

Chan T equi i ng. AEPCbeBTBUIRIBE RSS2 e, SRIBCTTRR et he
receivers may benmrqz)lsogzkﬂel tdgomaucs es nmtlalcﬁvlamatlhreaf the iojared saslalet u\mn@mar s to
determ ne a patient their vital

e ormat Ton T acdftad to i Soldidrs, BRatl) ¢ abbirkBEG echite B Mol d¥h: cour

be readily det ero@hmlcéféwswnhatmbﬂnﬁfandumﬂﬁrm@ﬁlcalupér%Sn@@Uétdahﬁenlttaed whi | e
providing a higher |evel of car %w%dN SO . I’OVI ded are kits fo

practicing the Sop)red H%Sttﬁéaéns'%c icrR %”Q%a%ﬁ’ trﬁﬁtr’Téer}té?@B?%rs of

the invention, ag whesmredubeié @bMe td th@ddktaIgN Byt bentiubBy FRNitbied wike one or
nore dosage conpositions, in the formof I'EM conpositions. The dosage

AmDUNt of tho oMEAIP AIBLSIEHA Ok % FeIaIcER SIGRISANG IH B35 %0l GaSUAKIASSay b

sufficient for %aﬁ'dégﬂc%ei‘/@@')\&ﬂﬁérﬁl Otheft&fhnﬁkbbk u@b@wﬁﬂ%'dré@éﬂtﬁﬂ%ntlon
Accordingly, in certain aspects of t e subj ect 'kits a single dosage anount

of a phar macol ogRedte @geiiedis§aifieloenaintai hl%’ leeels & gats 'H‘ﬂec?'V'b%fbé‘@ﬂgiahul tiple
dosage anounts cg ﬁca‘%%gﬁﬁé’%@ﬂhﬁéﬁthﬁ&%ﬂ%aﬂﬂ@ﬁhg%og{sﬁent inakit. In those
ts o

aspects having nu Pt pl e dosagé anou armacol ogi cal agent, such may
be packaged i 0295%i nyYhiledbeteabye desasipgon haséqeaglpeovtldﬂwbm tboos Dfetraﬁ:hlfw and

the like, military personnel, the receivers may be employed in tracking any type of
personnel, particular in an active work setting in which the personnel are
located at a stationary position for extended periods of time.

[0296] Non-personnel tracking applications are also provided. Receivers
may be employed in hospital settings for patient tracking and
management. Rather than requiring nurses to track down patients to take
their vital signs, the receivers may be employed by nurses or other health
care practitioners to determine a patients' location, as well as their vital
signs. If the information received indicated a problem, the location of the
patient could be readily determined. Thus, a smaller number of nurses
could be used while providing a higher level of care.

[0297] Also provided are kits for practicing the subject methods. Kits may
include one or more receivers of the invention, as described above. In
addition, the kits may include one or more dosage compositions, e.g., in
the form of IEM compositions. The dosage amount of the one or more
pharmacological agents provided in a kit may be sufficient for a single
application or for multiple applications. Accordingly, in certain aspects of
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or one or nore dosage anounts may be individually packaged such that
certain kits may have nore than one contai ner of a pharmacol ogi cal agent.

[ 0298] | rwoentodi7miaspects, the kits may al so i ncl ude anPeXiUSzevl06812%i t Or
device, e.g., as described above, which may provide for conmunication with
a renote location, e.g., a doctor's office, a central facility etc., which
obt ai ns and processes data obtained about the usage of the conposition.

[0299] The subj egd skibfest RRY adbifglel Ma@@eamaéﬁtrd%cé'dhﬁﬁﬂc%oé?@é’b/ dgenpractice
t he subj ect nethods using the conponents of the kit. The instructions nay

be recorded on #re3ant a¥% in anial r%hQ’feéiSQﬁﬁt?orm%'U@@tﬁ%%a@e pEYOUBISaRpl®, t he
I nstructions may,BenBEdisgied a&;@gﬁnﬁy RlsEnt |ﬁ%ﬂ|ka~°rn RRIAR! 3 %iec | @ing, etc.
e ese

As such, the instructions In the kits as a package insert,
in the |abeli ng rofitiplae desageai ameeunts @fheoharmamiogmlrp@g@mﬁ ssucheredf Q4 . e.

associ at ed "‘“hep% egié%%haagéu e Bbntd rongkﬁ%'rggéatﬁbcb?thg \R%Ihgﬁd HRARE! S the

i nstructi ons ar ‘¢ st e d resent’ on a
sui tabl e conput er qneauabbl@ GQSEIQ&QFE“(DIEUISB oy e mdl\MMacmmwcm thatc. In

yet ot her aslaec,[c%ﬁa%r@g?ﬁ?#;@vgl SIIe tHglﬁ g%%f?tr ﬁD?{agour C%tolog%a Q@erh' t, but

neans for obtaini i ons a the
internet, are[qR98yi dédceraineaspeplse thd knﬁlnmyaalpeoncluee aankeXtemlaamomtot udes a

web address vvhe:ge t he |nstr§ct| %@ %ﬁ V|hevved and/or. _from whi CQ t he
instructions carP¥ECdbkh FHGETL" Yh: %’VH@ NHé‘Yth%‘f'?%rﬁ%r, CRRAMYNGBENHS ¢ or
obt a: lni ng the i wmr%uaémomog@norne@f(g dediootor's o$fidet Etﬂe@gaumﬂlfyaémler@@OOL Sone
or all conponents of the subject kits pa ckage n suitabl e packagin
Lo mintain sterddRsand posERFeai epanst aboul Geriage ofheomngsteBmonent s
of the kit arg29agkagad dubjedt kitd neyntiad Ni@ide HsEBSNst @r W%Kﬁtoapt%'cf@ e,
easily handled unit, where the kit contai nment el enent, e. 0x or

anal ogous st r uct!if SUPIRRY Methaesyusied the campanents gHtthe dei a}l’h@,rmst@c@ons to

further preservendh@eStRbiddd ¥n0h sREBIeOFecBdin®médigmCoMap&mts. OFof he
kit.[0301] It is to be understood that this invention is not linmted to

particul ar aspe@*8mM@s ¢he HeluctipgsSuRNLERYNIEEN a PUbsiRI | syshas AFPelAter st ood
that the term nﬁlésﬁign%ﬁ:e%éqgﬂﬁi r‘thb%nétﬂﬁchbﬂ@ é\%&f B@S&egéntdﬁsﬁ{e' Ris"gs a

particul ar aspe Y, iS not inten to be ting, since the
scope of the prasekagd ingerit inoimeviabelingeof| hei aosthingtl qf tbgz Kithey eqypleertdits cl ai ns.

Where a range C’fthereof (i.e., associated with the packaging or sub-packaging) etc. In other
aspects, the instructions are present as an electronic storage data file
present on a suitable computer readable storage medium, e.g. CD-ROM,
diskette, etc. In yet other aspects, the actual instructions are not present
in the kit, but means for obtaining the instructions from a remote source,
e.g. via the internet, are provided. An example of this aspect is a kit that
includes a web address where the instructions can be viewed and/or from
which the instructions can be downloaded. As with the instructions, this
means for obtaining the instructions is recorded on a suitable substrate.

[0300] Some or all components of the subject kits may be packaged in
suitable packaging to maintain sterility. In many aspects of the subject
kits, the components of the kit are packaged in a kit containment element
to make a single, easily handled unit, where the kit containment element,
e.g., box or analogous structure, may or may not be an airtight container,
e.g., to further preserve the sterility of some or all of the components of the
kit.
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values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower Iimt unless the context clearly dictates

ot her w sayokzetomaenst he upper and lower |imt of that ramrge/tsaeoassi2ot her
stated or intervening value in that stated range, is enconpassed within the
i nvention. The upper and lower limts of these snmaller ranges may

i ndependent|y be included in the smaller ranges and are al so enconpassed

within the i nygahionit is4OIRCndePstaatY tHER ek fivemliby i€ X6t Mﬂ@é& {d Hérftlcular the
stated range. Were the stated range includes one or bot limts,

ranges excl udi n@sep¢ia&iesyidasoah sgeh Mayse@ry-nélisi@isg tPioe Lﬂ@%‘ﬁ@“ﬁl% thencl uded
in the inventi O'iernm&l@éf HQ@J h&¥eth RS Rfoosd! df de%%h@ﬁértléﬂlgr éﬁde%’fs“ fic

ternms used herein have e same neani hg as commonly under st ood one of
ordi nary skill iofly readaistnatgnighped te Meslimiiognsines thriseerss of e m’ﬁﬁ@ht any

met hods and mat gLjcaysy %vn?‘olea}fmu%rd Gy b&%&’&ptohﬂdéd‘%ﬁn?e\ﬁlﬁér‘eb aﬁ&‘é’ gt n can

al so be used in the practice or tes resen |nven
representative |\/Ialuest|samrowdedrelt h@dmdamtquatf’@m%bb inteevaning delsaer ibdee All

publ i cations an t&ng e 0

i ncor por at ed byq?rﬂﬁe&en%eﬁgi @We§ | hlegq%b‘{bn@x&pg&@r 'ﬁgﬁtent wer e
speci fically andtherdise, datidey theahppat aad lcyvdmelmmcfonhpbragechrinlyameéteeence and
are incorporated

erein,. by reference, t iiscl ose and desc he . net hods
o or b or e Sdtg B Rudtefifh RERAT i s TR S PSS Wi i "re
citation of any upxd@lnoﬁat Tha wmoefroaind iewet BmltooIr @iepe i malled rfahged irhayng dat e
and should not he con rPeﬂgqa]t E‘ mSSI on th t he resent i nvention is
not entitled to'%ﬁﬁp@H s Arda ebys"(}fi udeSH NG ARv g on.
Further, the dat@go®bapseel wmhl m@ m@rmdahe%ua}w e @l f dpcriohllyf eRdudde act ual
publ i cation dates which may need be i ndependently confirned. 9[48302] It

is noted t hat g igdhe ﬁ@*%ﬁ‘ AN Wﬁef%@ezﬂﬁéﬁdé@ﬂ%m&lws Ot”ﬁeoréq af ar
fornms "a"

a", "an",h@ndits {fafged Bﬁilwﬁ‘? @Ith@radr dofd Bf #a5E intlldReSintiftCare X1

clearly dictates otherw se. urther noted that the clalinms nmaybq
drafted to excl deRUGES) inpphe dpvantienesiass dgfingdcAtherwipe, ail deefrieal ard

i ntended to ser W@ARANLAEEARM BRI Hfb HRE SAincdWdhriF!dds Cyfrideiyri nol ogy

as "solely,"” "only' e In connection wth the Tecitation of claim
el enents, or usemdersaoodw@gamr‘la/@'f drdlinaryaskibin the @it |tb Wwhichplpisr éwentaen

belongs. Although any methods and materials similar or equivalent to
those described herein can also be used in the practice or testing of the
present invention, representative illustrative methods and materials are
now described. All publications and patents cited in this specification are
herein incorporated by reference as if each individual publication or patent
were specifically and individually indicated to be incorporated by reference
and are incorporated herein by reference to disclose and describe the
methods and/or materials in connection with which the publications are
cited. The citation of any publication is for its disclosure prior to the filing
date and should not be construed as an admission that the present
invention is not entitled to antedate such publication by virtue of prior
invention. Further, the dates of publication provided may be different from
the actual publication dates which may need to be independently
confirmed.

[0302] It is noted that, as used herein and in the appended claims, the
singular forms “a”, “an”, and “the” include plural referents unless the

context clearly dictates otherwise. It is further noted that the claims may
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those of skill in the art upon reading this disclosure, each of the

i ndi vi dual aspects described and illustrated herein has discrete conponents
and feat weomwi7shismay be readily separated from or conpCmas2e0obsizhe
features of any of the other several aspects w thout departing fromthe
scope or spirit of the present invention. Any recited nethod can be carried
out in the order of events recited or in any other order which is logically

possi bl e. Al t hougfe &hged 96 c5@ILAE éH}/V@ﬂFdn@f‘efé?ﬁen@e% Qﬁ‘@rﬂrthﬂ?,eﬁaﬂe%ew@ det ai |
by way of illustration and exanp Eoses of clarity of

under st andi ng, iiRtepdeq éﬁdﬁﬁveaﬁﬁaﬁémce@@tt 8s8ie M Upeli PlarspCRkeXqlusive t he art
in light of the tér‘ﬁﬂﬁ&b 8s YoldIPP Sordl ﬁﬂfm@r‘iké'}%orﬁ%rcpéﬁ itk MR B Ra i

nodi fications may de thereto departing fromthe spirit or
scope of the appﬂé@t@éﬁ aleraemts. om@sﬁ)efda mgoative’ Héﬂltﬂ{l@tﬁeﬂs wdll e regpgrent taust r at es

the principl es %oéehzgfl ék’]l"uﬁ’lhé%ﬂ edot” r\é’hbh Bfs FRRIREIS %ghto?ﬂi]e ﬁnBﬁ/ftﬁaPk' 'l ed

in the art wll arlou ar rangenent h not
explicitly descraspedsoitesshioath almdrléustratedmecgmtha@ piscreté moawooénts hand

invention and arg_.inecl ithin LS LI cope al |

exanpl es and cor‘i%’atlJ %%nglﬂ%lﬂaﬁqga&agée] HF%@'W%S%@P@ELOQ} %Pp?qrﬁ%%é;%}' kﬁet ended

to aid the readéeathresuofdarn)sbam pthet lsevenai aspepﬂtsawthbut Ueparnn@mttom)rmeand t he

concepts contributed b bnvento furtheri and arcg to be
X

construed as beifPaet PR Rvd Biobu A apaRR Mo lran AR, ol os

and conditions. deliremeebrdeabl‘ esémt;eaamdsOmrmwothecbtdemgvrmh RClopicay
aspects, and aspect ventl on as we| | es thereof,

re T ntended ¢ o PERBIRALOUGR S SPisRe AVERIRN PR HeeBrSrScaRRg VA HS

thereof. Additi qradil Y)y whyi 6f ilNsRased dnBabxavple RtUPVRLESS ofi Batiyder bot h
currently known egw val ents and equi val ents devel oped in the future, i.e.,

any el enents dewdBsENAINA 'ﬁé??‘i‘ib’nﬁ‘ﬁﬂ?@e@éﬁémﬁ?ﬂ@t(PrQWar)f gk iniihesat it

structure. The SuﬁﬁpeofOfthé "'t%aé’rﬂlﬁéser@f MY eMvbRibn tHRST &l dh%n@@é 4y ended
to belimted tothe exenp é aspects shown and descri bed herein. Rather,
e

t he scope and s;mdlfﬂca@pn@rr@@/e mﬁ%rﬁmer@W wEheuRrRaEiND {ofmteaghiénged

can be remvabl v oteured t o DB e RO Ror T, e B LRRAC LA, P
illustrates the principles of the invention. It will be appreciated that those
skilled in the art will be able to devise various arrangements which,
although not explicitly described or shown herein, embody the principles of
the invention and are included within its spirit and scope. Furthermore, all
examples and conditional language recited herein are principally intended
to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventors to furthering the art, and are to be
construed as being without limitation to such specifically recited examples
and conditions. Moreover, all statements herein reciting principles,
aspects, and aspects of the invention as well as specific examples thereof,
are intended to encompass both structural and functional equivalents
thereof. Additionally, it is intended that such equivalents include both
currently known equivalents and equivalents developed in the future, i.e.,
any elements developed that perform the same function, regardless of
structure. The scope of the present invention, therefore, is not intended to
be limited to the exemplary aspects shown and described herein. Rather,
the scope and spirit of present invention is embodied by the appended

claims.
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a housing; a power source secured within the housing; a processing unit
electrically coupled to the power source and secured within the housing;
and at | exetotomosabectrodes el ectrically coupl ed to thePprasea9iosgy2ginit and
secured to the perinmeter of the housing such that the el ectrodes wll
contact the subject's skin the skin, wherein the processing unit detects
and gathers information in the formof high frequency current flow through
t he el ectrogestand ameenei n the high frequency current flow is associated
with a device associated with the subject. 2. The receiver of claiml,
wherein the processing unit detects and gathers physiol ogical information
in the formof | : [k f

wherein thgllom/?Pg%ﬁgﬁgsﬂﬁ% or%%??%ﬁ'%g&gégﬁgrggggg3thﬁ%%é9§ﬁﬁ?€gf's
physi ol ogy.2a subjatis skist ghe/eceiwer edrapliairg: furt her conprising a conmuni cation
nodul e electrgqegg% coupled to the processing unit, wherein the
communi cat i on nodu g’alloms for wirel ess communi cati on between the receiver
and a devi ce exwowmenadurce setwedmhjhacthedwobinghat the receiver can provide the

ool 00l LA B 8, S SRk e e Bty T

spread spectrum dbetoosiogtdman protocol. 5. The receiver of claim?2, further

conprising a ¢ i cation nmodul e. electrically coupled to.th rocessi ng
i E where: nat REOHRRATRRY Slrcfisalr el rEiaKe BotRefRn LB B8 shERRaL | on
bet ween the receitgeie paimetedeiihetotsingisneh tHad thhelectdyjeealill sormbettthat t he
receiver can provide control information to the deviceexternal to the body
and wherein the &Ch? SKIRART AP on is derived fromthe high frequency

current i nfor @Akt tHer srecskthghitdiedle vhe gameePidfatm@domint the tidren subj ect . 6.
The receiver of claimb5, wherein the device external to the subject is a

control unit assdtghireguency uaephilovnieeuah togclesipieernd whgiedhihedeh i ncl udes

a pharmaceuti cal HREAHS) c@hcht ABR ifbsKIcidiO@wAR al 0ER1ck H38a8RdMithahe
pharmaceutical product.” 7. The receiver of claim®6, wherein the

phar maceuti cal delubigsty system

2. The receiver of claim 1, wherein the processing unit detects and gathers
physiological information in the form of low frequency current flow through the
electrodes and wherein the low frequency information is associated with the
subject’s physiology.

3. The receiver of claim 2, further comprising a communication module
electrically coupled to the processing unit, wherein the communication module
allows for wireless communication between the receiver and a device external to
the subject such that the receiver can provide the physiological information to the
device external to the subject.

4. The receiver of claim 3 wherein the communication module uses
frequency hopping spread spectrum communication protocol.

5. The receiver of claim 2, further comprising a communication module
electrically coupled to the processing unit, wherein the communication module
allows for wireless communication between the receiver and a device external to
the subject such that the receiver can provide control information to the device
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conprises a fluid containnent unit having a chanber configured to contain a
fluid and a plunger secured to the fluid contai nnent unit, wherein the

pl unger iwocoma7silfed by the control unit based on the ®omtusetoiongies mati on
provi ded by the receiver. 8. The receiver of claim7, wherein the fluid
contai nment unit is an intravenous bag containing the fluid. 9. The
receiver of claiml further conprising a power managenent nodul e

el ectri cal | emedPloafe tfddl f&ﬁdWém%ﬁé‘Eﬁﬁtr&woﬁﬁﬁldﬁ|§%‘éﬁ§éd‘90hﬁ%b rigteh that
t he power nanagenent nodul e controls the power output fromthe power source

to the prociémichgy gwrentamfermﬁ&neqrﬁwﬂ%bbmewwﬂd WHHIeSURISS-t or s t he
surroundi ng environnent to determne if high frequency current flowis
present and wherein the power managenent nodul e switches the processing
unit from a® i nddwei keseeaok clabin dn varareinethgtaavice extemmal ki e sulieciency
current f'°c¥é6n3%| Ak 868 atelOwit] e hm&éﬁﬁcaqfde%é”fgn%y%t ﬁﬂﬁéﬁh@ JoBE dover
managenent nodul e conprises: a h|8 power oper at control s

hi gh power pharpatedticahptduecpentt cas el yhe deh\rmy plosagss ©f agpharmacewieal t he
processi ng b@g |s in an active state; an intermnedi ate power operation
nodul e t hat W ol s i ntermedi at e power output fromthe power supply to the
processing unit while the processing unit is in an active non-operation

, d h |
From the poler SEnTSFeen Shonerors PREeR oS aragadeiel, FARY Fgltt P!

frequency cwmmmesfal fund mbrnthmntéme uput ReERg lartgmaumiet cofigurecaId ¢omdih iaViRiicbt at e.
11. The receiver of clai é) V\{?l E n the. power rrana enent m)ﬂJ ul e i ncl udes
6{0 an id

a beacon nodfl & P'Hpg%reﬁ%ﬁ%@ SN B’F'T‘m‘ﬂ SED BBEINNgREISt i on

nodul e to atdrveliéd @y Rhe GRRFbINGNILIBAsed Bn IMé lcohtrblOnfdARaféh br&idienbp@es at i on.
12. The receiver of claim1ll, wherein the beacon nodul e conprises: a

counter; a '"668¥8m si gnal generator coupled to the counter for generating a
pl urality of beacon signals; and a nenory unit coupled to the beacon signal

generator, wherein the nenory unit stores an algorithmthat the beacon
si gnal gene$ at orThgsgecaiver of claim 7, wherein the fluid containment unit is an

intravenous bag containing the fluid.

9. The receiver of claim 1 further comprising a power management module
electrically coupled to the power source and the processing unit such that the
power management module controls the power output from the power source to
the processing unit and wherein the power management module monitors the
surrounding environment to determine if high frequency current flow is present
and wherein the power management module switches the processing unit from

an inactive state to an active state if the high frequency current flow is detected.

10. The receiver of claim 9, wherein the power management module
comprises:

a high power operation module that controls high power output from the
power supply to the processing unit when the processing unit is in an
active state;

an intermediate power operation module that controls intermediate power
output from the power supply to the processing unit while the processing

unit is in an active non-operation state; and
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determne the tinme | apse between each of the plurality of beacon signals,
wherei n the power nmanagenent nodul e nonitors the beacon nodul e to determ ne
i f the besoaniomosube has generated at | east one beacon ®CEBRo9N6E1RE
plurality of beacon signals. 13. The receiver of claim1l1, further
conprising: a connector routing unit coupled to the processing unit and the
power source; and a nulti-purpose connector electrically coupled to the

connect or 1 oukiiG\gertivier o}ﬁf@%ﬁi@h ddife HRANEGRIG (oWBHWER Dutbllt froRPRE! Ol S
el ectrical connection paths between a device external to the subject and

physi cal Iy connedQ¥erSHPRIMENA &IPS tasybICRES PR 18R NI0Bdreaseml | as the
processing unit. dgenifisy WRAEH 6ro@é%s%gaﬁrm i4%h aMiiRlcBldIstafte el ectri cal

signal fromthe device external to the subject cones from an external power
supply that charges the power source. 15. A receiver for detection of

physi ol ogi cgf | rﬁfh%rrggéi{/é’rrbf%ﬁa?rﬂclioag/ﬁgr%m tHa ;?ovﬁé#%%g;pn{e*ﬁ?n{o%ﬁ%‘imbdes
conpri sing: a power source secured wthin'a housin ;a power nmanagenent
nmodul e el eca rieagbh ymodulel fed seodingea psigwal tootec intermntediate yamterwpparation he

procesi ng Uaraels e FRITbo RIRETIER AL Feili e BhTsbiBibimoau e and
secured within the housing, wherein the processing unit detects and gathers
the information_in the formof high frequency current flow produced by a
dovi co. 1 nt eFhal 1 BREVEAT Andneisi FEdARe Pt eamPieBiy assoct o eq
with the subj acbustephysi ol ogy; and a communication nodule electrically

coupl ed to the processi unit and secured wi thin the housing, wherein the
communi cat | onaHEAGHBS AN RECHER" CORIRIHP AR PRHTEdPuRRNErRING 3 BLEAIDEY and a

devi ce external tweakcbe skubiseatd such that the receiver is able to provide

t he physiological information to the external device and to provide control
i nformation t 8 MeBeNeNitERuRIEHdP tNERFECEN BEEBHOYIPIAIRE WIRFRINdh Biesary

information. 16. ffess@6ah\ddorMimGhatitme %%c&n%%r’ih%eﬁ@rﬁﬂfriu%b@% a delivery
apparatus secured wthin the housing, wherein the delivery apparatus
i ncl udes: determine the time lapse between each of the plurality of beacon signals,
wherein the power management module monitors the beacon module to
determine if the beacon module has generated at least one beacon

signal of the plurality of beacon signals.

13.  The receiver of claim 1, further comprising:
a connector routing unit coupled to the processing unit and the power source;
and
a multi-purpose connector electrically coupled to the connector routing unit,
wherein the connector routing unit controls electrical connection paths
between a device external to the subject and physically connected to the

receiver and the power source as well as the processing unit.

14.  The receiver of claim 13, wherein the electrical signal from the device
external to the subject comes from an external power supply that charges the
power source.

15. A receiver for detection of physiological information associated with a
subject, the receiver comprising:

a power source secured within a housing;
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a containment unit that includes: a chanber to contain a fluid; a plunger
secured to the chanber; and a m croneedl e secured to the chanber and
capabl e ovopoawvwosng t he subject’'s skin; and a control uRCT/US200081RS

el ectrically coupled to the processing unit, that controls the plunger
based on dosage control information provided by the processing unit,
wherein the control unit noves the plunger to expel the fluid through the

m croneed| e. &Eow@h%dn@%@ﬂnléﬁf mBdul€ lefdciichRy coité@tdnk %MPWrc%Hégemnt
nodul e conpri ses ower operation unit that controls high power

output fromthe pﬁﬁ%?eds‘ﬂﬂﬁw {hehpusing spch daidhegowal MapkeaMeHdn essi ng
unit is in an aCtdoY‘n?ro%ttﬁé o@@rédﬂr@é nmedi at e power operation unit that
controls internedl ate out put fromthe power supply to the processing
unit while thé Wﬁ%@@glwﬂlj eLfmtmcaullxscoupladmt%@ﬁwenman@p@mam madgeand; and a

| ower power Op?raste'cﬁr‘bﬁ%kﬁm Hé%q@ﬂ@k?vﬁbfeorﬁ %ﬁ%ﬁ%@h@f‘ﬁrﬁwetéé 1@4hg he powver

supply and nonitors the subject requency current flow
whil e the processga’nrgprarlinetlnfm'manoram thadomi ofehigit &equar&y clihrentfeayei ver of claim

17, wherein the

sending a signal pqqgaf%g%ya%ggéﬁngé ik Hglp;[g tﬁ@gubggc‘?%nmﬁﬁu%%eﬁ%yrﬁow t he
processing unit tfowsagsociatddwitththeasubieces pbysnmlpgy andon state such that the
processing unit is ca determ nin ormation in the form of
R a1 equencd o antatBnaurd s SRELERD SialdHaras hRERTR Bl SREnagenent
modul e suppl i es hieghrgaometin tme Hidwr@r wnem @ aondrhumibationempd e @Beivng uni t

detects information in the form of current flow, 19. A
feteiver for dot dot sommuRGald] PberR Y iecavahanis 4V e St heow i n

conducting flui d ppcabnatthat thBirecdvarubhiietie pidVidd BEPhYSiblogRAPT i Sing: a
housi ng; a power source secured to the housing; an operation unit secured

to the housing fdPfOHAAIGILIOHEE ENEMAht L GeAEHP E T C‘?rﬁ@l BYEMAtiesso uni t
conpri si ng: another external device based on the physiological information.

16.  The receiver of claim 15, further comprising a delivery apparatus secured
within the housing, wherein the delivery apparatus includes:
a containment unit that includes:
a chamber to contain a fluid;
a plunger secured to the chamber; and
a microneedle secured to the chamber and capable of piercing the
subject’s skin; and
a control unit, which is electrically coupled to the processing unit, that controls
the plunger based on dosage control information provided by the
processing unit, wherein the control unit moves the plunger to expel the

fluid through the microneedle.

17.  The receiver of claim 15, wherein the power management module
comprises:
a high power operation unit that controls high power output from the power
supply to the processing unit when the processing unit is in an active
state;
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at | east one sensor for detection of current flow, a high frequency nodul e
for detecting data in the formof high frequency current flow froma device
i nternal wo 2nteen7subj ect; and a | ow frequency nodul e for Pdgtuseamoesidat a i n
the formof |ow frequency current flow associated with physi ol ogi cal
paranmeters of the subject; a power managenent nodul e secured to the housing
and electrically coupled to the power source and the operation unit,

wherei n the paWeiteMetigemRNer Bpslatioh GRIPIHaE bentfdieinRnRGi%! BBV esLith@ t he
operation unit fromthe power source and wherein the power nanagenent

nmodul e noni tors tIHEN &if POVRIAUREIYER NG BRABSRING Wnibwhita herREoGessigtupit is
transmssion is Qﬁ?ﬁ%ﬁvéﬁ%-\ﬁ'ﬁ@ﬂaﬁbrﬁ‘sfé&e dpgwer nanagenent nodul e switches
f : ;

t heoperation uni roman I nactive state to an active state if data
transm ssi on RIOWRIaIwEr Oparation upilthat canisels éove pevierceutpyl fiam thespawdred to t he

hosi ng for contr ' I I 5%&{}- Lei \p@ﬂ [ al to
t he subject that O%L‘Igb@%/”?l rﬁg'ﬁlfd;ggloenne& gggk@q?'ﬁgbr ei@%&,ﬂ& E@rﬁuﬁ}ftﬁ%urpose
connecti on unit oehniertheipragessiopmiet isoin anooadtivg staiet coupl ed to the operation

unit and the power source; and a mnulti-purpose connector electrically

coupled to e nect.o t unit .. 20, The receiver. of cl ai

wher ei n the{%omﬁgﬁgﬁé{ﬁéﬁé%ﬁ'w%uw e{’:e rﬁrﬁ}el %Oé%e? ’%g’?ﬁeg& eﬁ&ﬁ@ﬁ“'@d@&ﬁ%&on

nodul e for asabetasgngodilg Hompsanelingsalpighyl tbahd hreeropeelizae ipowen bpératitre anit ke
operation unjt is in an active state: a internedi ate power operation nodul e
Cor al I ow o8 PrEesairg Ly 6 snER & 1 asive ot onara eR ctie SBF R uni t i <
in an acti vgrobsdsirgperitisi capasieall eietenmehity |f (AGmapeVRItheah at high freqaubye f or
nmonitoring for the data transm ssion in the current flow while tme
operati on UTHEN oW 1§ pé?ﬁ%nﬁaeéiwr@r%reafa%merlman@e%mtan Ig spippfies high
comuni cat i Siwdras e/ SioctindlBhieE thdBrodddsing HRNGSLEE RO SOME thORIE of

em ssions through a conducting fluid, the receiver conprising: a housing

i ncl udi ng aHOBIRWENQLyEent flow.

19. A receiver for detecting and collecting data encoded in current flow in a
conducting fluid contained within a subject, the receiver comprising:

a housing;

a power source secured to the housing;

an operation unit secured to the housing for analyzing the data transmission,
the operation unit comprising:

at least one sensor for detection of current flow;

a high frequency module for detecting data in the form of high
frequency current flow from a device internal to the subject; and

a low frequency module for detecting data in the form of low frequency
current flow associated with physiological parameters of the
subject;

a power management module secured to the housing and electrically coupled
to the power source and the operation unit, wherein the power
management module controls the power supplied to the operation unit
from the power source and wherein the power management module
monitors the surrounding environment to determine if data transmission

is present and wherein the power management module switches the
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a power source secured within the housing; and an operation unit secured
within the house such that the operation unit receives power fromthe power
sour ce amiowheyEasnst he operation unit conprises: at | ea®CTarseomeloes1s ode
secured to the outer case of the housing and capable of comi ng into contact
with the conducting fluid; a processing unit electrically coupled to the at
| east one el ectrode; and a nenory unit electrically coupled to the

I0r_OCG_SSi ng uni t, dﬁé‘?étﬁinmrﬁthﬁ)rﬁhnhr%‘ﬁife Qﬁﬁeﬁﬂﬁéét%%téi@ﬁf%ﬁé t_he ioni c
em ssion conmmuni cated and wherein the data is encoded in the ionic em ssion

and transmittedt HFRASHHSANEISEBAANELAWg fl uid using a control |l ed di ssol ution
of a material ;i } LVer ; i ; ctin
a nﬁ‘ﬁl@p&?ﬁée’et ?d?{hec% urflt §é°d&?éd’f6 thé ﬂ%ﬁlﬂgg@hﬂelllﬁggleﬁ%hfl ! dg

data transmtted I'n ormof current flow't conducti ng ui
cont ai ned wi t hi n e@npeetianrpetveen aaerice extesratie the supiechthed issphygicaby power
source, secur ed ! %o ABoBANS | Recale OB ALBMOUEL boRfRUBFTE BohBRiAgS! g for
anal yzing the data transm ssion, fThe operation unit conprising:. at |east
one sensor for detemteoctor ojutingeind eouelad td thevgpeaatioinghnitfanggbe powenodul e f or
detecting high frequercggxrc%r m ssion data; a |low frequency nodul e for
detecting |l ow frequency transm ssion data; and a power managenent nodul e
secured to the housmuiji-eurposd earinactaldgctrinallp ceubléd td the qoamectosioutiogg and t he
operation unit, wherein.the power nanagenent nodul e controls the power
supplied to the oper atf%n unit from the power source and wherein the power
managenent nodul e conprises: a high power operation nodule for allow ng

hi gh power supply to the operation _unit when the operation unit is in an
active statd a Tt EPGRMAT able GAler St MarRANE. MGRagemENt mPtsuer
supply to tdgnmesation unit while the operation unit is in an active

non-operation state; and , , ,
a high power operation module for allowing high power supply to the

operation unit when the operation unit is in an active state;

a intermediate power operation module for allowing power supply to the
operation unit while the operation unit is in an active non-operation state;
and

a lower power operation module for monitoring for the data transmission in the

current flow while the operation unit is in an inactive state.

21.  An ionic emission communication receiver for detecting data transmission
using ionic emissions through a conducting fluid, the receiver comprising:
a housing including an outer case;
a power source secured within the housing; and
an operation unit secured within the house such that the operation unit
receives power from the power source and wherein the operation unit
comprises:
at least one electrode secured to the outer case of the housing and
capable of coming into contact with the conducting fluid;
a processing unit electrically coupled to the at least one electrode; and
a memory unit electrically coupled to the processing unit,
wherein the at least one electrode detects the ionic emission communicated

and wherein the data is encoded in the ionic emission and transmitted
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a | ower power operation nodule for nonitoring for the data transm ssion in
the current flow while the operation unit is in an inactive state, wherein
t he powerwoanegesBsnt nodul e nonitors the surroundi ng enPCrAsA@E068108
determne if the data transm ssion in the current flowis present and
wherein the power managenent nodul e switches the operation unit from an

i nactive state to an active state if the data transm ssion in the current
flow in present. %ougmerc‘é%udtﬁ\b fRfd Gdifd H‘cgﬁtfolbéfﬂ%ﬁomtlbh%f BQMEErisANagenent
nodul e reduces the power supply to the operation unit if data transm ssion
in the current fingeQldliobt detected such that the operation unit returns to
an inactive state. 24. The receiver of claim?22 further conprising a
transm ssion nodul e electrically coupled to the power nanagenment nodul e and
t he operati&h ur teceivaefosidatectieg anchpglieicting gatarismgmittesomiig fasat als

I nformat i Ogcvbﬁ%;gﬁbﬁtﬂ?rgu%ﬁ: Er&oﬁ&@dt%a'fI'Plaoénqn;%ﬁ?cﬁ\?ttﬁntarrﬁgélmns HePRcbilef Ne

current fl he ‘receiver her  conprrsing a wrel ess
comuni cati@mm’mthg e coupled to the power nanagenent nodul e and secured to
t he housi ng, &"P@ .the wireless communi cati on nodul e provi des input and
out put communic POR’ for the receiver using frequency hopping spread

spect r um commumiceat smnrcplsed:uredlto th%(hou’ﬁrmg receiver of claim?25 further

bl e h h
e wi r el ase. EBMRBIA LR TUrSEOI Gt o o PoG: e e ABa TSR ors”

the progranm ng |thé©pmmb@|unﬁbomgdsmg t he rrermry uni t of t he beacon unit.
27. The receiver of claim 22 fu&7 ger rrgnt}1 % an accel eroneter secured to
& dPIeCHR 8{HoR

the housing for d&t E8Bi oY $8SAY NGt he receiver and for

generating an ori erHigh fréduedicy Atdduldfof B8ReMSENIGR flebBekdjardRniission d&at at i on,
wherein the power managenment nmodule nmonitors the accel eroneter to det er mi ne

if a change i n or AdAVHfaayRNRaE08EIEUF BatesHRD 1aYe IrBaVRICY HEANSERIRAT d#8dul e
alters the state of thggreceiver in response to the detection change in
orientation. 28. An ionic em ssion comunication receiver for detecting
data transm s§ip@wenma@gemﬁntm@ﬁvlgﬁeéﬁ@dttﬁrtfambwsang:a@@a@ptrﬁg“xf £QURRd t he

recei ver compri siigQine JyNeF Bblircd RRIEIheSBHEGRoR CGHE Clhnbididl et BEWBPUST N;

and
management module controls the power supplied to the operation unit

from the power source and wherein the power management module
comprises:

a high power operation module for allowing high power supply to
the operation unit when the operation unit is in an active state;

a intermediate power operation module for allowing power supply to
the operation unit while the operation unit is in an active non-operation
state; and

a lower power operation module for monitoring for the data
transmission in the current flow while the operation unit is in an inactive
state,

wherein the power management module monitors the surrounding environment to
determine if the data transmission in the current flow is present and wherein
the power management module switches the operation unit from an inactive

state to an active state if the data transmission in the current flow in present.
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an operation unit secured wthin the house such that the operation unit
recei ves power fromthe power source and wherein the operation unit

conpr i seswat2ologgstisone el ectrode; a processing unit el eeCriusadooposiotipl ed to
the at | east one electrode; and a nenory unit electrically coupled to the
processing unit, wherein the at |east one electrode detects the ionic

em ssion communi cated and wherein the data is encoded in the ionic em ssion

and transm 43 ed ﬁ%r@éﬁ%ﬂ&%lﬁﬂ@u%b% fHeLbddvér'%Mg@nféﬂf‘?nb@hlle%d@de%s0' ution
of a material into sol ution. The ionic receiver of claim28 further

conpri si ng the POwSF sw@m)aggveth@@pemenwtﬁéta!ﬁ EansiSHiP in e avoiest by isnd
el ect 1 cal | yo cRURIGH I 1hAGhEYWEIaiBRYAR Peid 1b 1R IRRATALIAD Uni T, wherei n

t he power nmanagenent no e power suppli to the operatl on
unit fromthe power source and wher ein the power nmanagenent nodul e

comprises: gy hi g?hé’%@%fvefﬁie&&H ) d?%%&n@ﬁ’éun&‘h'tr%%r‘ﬁ%s[?ingfﬂocﬁslﬁé"er supply to

t he operat|on uni t |on uni 1ST1I N an ac ate; a
i nt er medi at@egiooally coppledtto tre mmmrlmariagerrwnlt owidnte puldbe opamEbion und, t he

rater and drgbihe TahafsaRE At aRciBhtirlsiesn ARl iSRRI "o

t ransm ssi canalysid dfehe datraetransiisaiowini the cuiientdjper. ati on unit is in an inactive
state. 30. The receiver of claim?29 further conprising a transm ssion
nodul e el ectrically coupled to the power managenent nodul e and the

operation uzg.t, meéeéumertﬁelaimmnﬂﬁ@iwmmmgl e&wﬁ@l@ﬁyﬁbmmuﬁ&ahm ormation
associ ated w é@gana is of the ionic enm ssion and wh nw;g e transm ssi on
i

modul e conpPP 08“ é‘? B@§Wﬁﬁﬂa@8me8hmﬁﬂHIGI3@df§?P“W69 W% el ess

i nput and owhkéYdin 1B WieNdse @bhMiurficdtioh Meod U bovides Mpleand Bufbut The ionic
receiver of claim30 further conprising an accel eroneter secured to the

housi ng f orCURTERIERHRD TORBISJESCIVG UHiNGEiReqHaNEh hBPPING 8PiedHiSPe¢iE¢Bi ver and f or

gener ating @inAUhieAH hrBfdcsl. gnal in response to the change in orientation,
wherein the power management nodul e nonitors the accel erometer to

determneif a change in orientation has occurred and the power managenent
modul e altes@  The receiver of claim 25 further comprising an external programming

device capable of communicating through the wireless communication module,
wherein the programming device alters the programming information stored in the

memory unit of the beacon unit.

27.  The receiver of claim 22 further comprising an accelerometer secured to
the housing for detecting changes in orientation of the receiver and for generating
an orientation signal in response to the change in orientation, wherein the power
management module monitors the accelerometer to determine if a change in
orientation has occurred and the power management module alters the state of
the receiver in response to the detection change in orientation.

28.  Anionic emission communication receiver for detecting data transmission
using ionic emissions through a conducting fluid, the receiver comprising:
a housing;
a power source secured within the housing; and
an operation unit secured within the house such that the operation unit
receives power from the power source and wherein the operation unit

comprises:
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the state of the ionic receiver in response to the detection change in
orientation. 32. The ionic receiver of claim28 further conprising a

prot ect i weOrzerin7ané on the housing to prevent the condu®Cirrus2doo0bsi2g r om
entering the housing. 33. The ionic receiver according to claim28 wherein
t he operation unit includes: an ECG sensor nodul e; an inpedance neasurenent
nodul e; a gl obal position system nodule for tracking the | ocation of a
l'iving subj ect; ang @adicpe@negdhs. coupled to a delivery control nodul e that
houses an active agent, wherein the delivery control nodul e uses the

m croneedl e to del aomceaﬁn%mel@ca@am CQW'Q%@ the @f legsisqils) degirod®aandhe i oni ¢

recei ver accordingy trﬁbrﬁér?'Jﬂlt?’é’iectrfé’ﬁl&edo%p%etoc’tﬁérp%de%@untirl!rﬁt Whehdtdlase an

epi | eptic seizure detection nod
at least one electrode detects the ionic emission communicated

and wherein the data is encoded in the ionic emission and
transmitted through the conducting fluid using a controlled
dissolution of a material into solution.

29.  Theionic receiver of claim 28 further comprising a power management
module secured within the housing and electrically coupled to the power source
and the operation unit, wherein the power management module controls the
power supplied to the operation unit from the power source and wherein the
power management module comprises:

a high power operation module for allowing high power supply to
the operation unit when the operation unit is in an active state;

a intermediate power operation module for allowing power supply to
the operation unit while the operation unit is in an active non-operation
state; and

a lower power operation module for monitoring for the data
transmission in the current flow while the operation unit is in an inactive
state.

30. The receiver of claim 29 further comprising a transmission module
electrically coupled to the power management module and the operation unit,
wherein the transmission module communicates information associated with
analysis of the ionic emission and wherein the transmission module comprises a
wireless communication module for providing wireless input and output

communication for the ionic receiver.

31.  Theionic receiver of claim 30 further comprising an accelerometer
secured to the housing for detecting changes in orientation of the ionic receiver
and for generating an orientation signal in response to the change in orientation,

wherein the power management module monitors the accelerometer to determine
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if a change in orientation has occurred and the power management module alters
the state of the ionic receiver in response to the detection change in orientation.

32.  The ionic receiver of claim 28 further comprising a protective membrane
on the housing to prevent the conducting fluid from entering the housing.

33.  The ionic receiver according to claim 28 wherein the operation unit
includes:
an ECG sensor module;
an impedance measurement module;
a global position system module for tracking the location of a living subject;
and
a microneedle coupled to a delivery control module that houses an active
agent, wherein the delivery control module uses the microneedle to
deliver an active agent to the living subject.

34. The ionic receiver according to claim 33, wherein the operation unit

includes an epileptic seizure detection module.
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