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TRANSBODY COMVUNI CATI ON SYSTEMS EMPLOYI NG
COMVUNI CATI ON CHANNELS CROSS- REFERENCE TO RELATED

WORBRO@ATI ONS Pursuant to 35 U.S.C. 119 (e), P¢i/5S2008/085048

application clains priority to the filing dates of the
United States Provisional Patent Application Seri al
Nos.: 60/990,562 filed Novenber 27, 2007; 60/990, 567
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wor |l d. Transbody conmuni cations, for exanple, are

finding increasing use in nedical applications. The
term"transho$H5-REFERENGHE TOTE | AEFRAFHHIYCARIGNS to
transm ssion of a signal froman in vivo |ocation to a
receiver |location, e.g., a second in vivo |ocation, a

r ecei YPersuaott3o0.2&t §adOr(pprkalapplcsdion ickires pridtith to ke filing

(B, o(GhE iR SHeS ElpiSna) FRAEH o bn Toshl NESP B0 2
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Th S S|on envi ronnents include th
BNt a3n 20 W SRR LTS e T wa P e Y rference
Soroldurgedrer at i on and neasurenent related to the
conmuni cati on data. Further, various devices and
conbi nati ons of devices may exact high power

consunption, resulting inpacleGrOUNDY short life
cycle for the devi ces inside the body. Such a short

life Q@H]”éum%?}'oﬂés@ﬁl’ 3 I'PRYIHY etk tiN JOFYes (e 1dandlransbody
QoRfRhurli EEIBRY, efBP @%mpl@xﬁt%”fﬁio%‘g inBfsingQUselh gﬁedléeﬁ Kpplications.
procedur es. such, there i's a continued need for
ddedesn etrftft‘s‘»ﬁﬁﬁh remnusieatians genewlly r @ér%@tt@Q§WﬁI%Q a signal
‘fl‘o‘?h RN9 v|v%5|B AdndeVd Féac%lvegoo%ﬂgﬁ,'tgg %J&B@rlﬁ%vo Bcation, a
devel opnment o conmuni cati ons channél’s
recaiveryoatiph eyacarporeelly adsiogiagashwiimineznaslyi eicor mat i on
” om Bl %nLOHQLé\?é? by bé %ﬁgé%b%gle%sgrb&”e% biricular,
in~close p ysi'ca proX|m
msslyehnansrmmtmdesenamonmenﬁs voay ldmmahﬂ ecortupt cosmeumidatian data.

FiRer 1o PRBieRp o ENBRT ot e Tni RSty Rl © Adtitionaly,

communication devices may err in signal generation and measurement related to

the communication data.

Further, various devices and combinations of devices may exact high
power consumption, resulting in a relatively short life cycle for the devices inside
the body. Such a short life cycle may result in replacement surgeries and other
inconvenient, expensive, and / or high-risk procedures.

As such, there is a continued need for accurate communications and error-
free data provided via long-lasting devices. Of particular interest is development
of communications channels that may be readily deployed to reliably
communicate information from an in vivo location to a receiver positioned in, or in

close physical proximity to, a body.



and a receiver to receive the encoded signal to at

| east facilitate accurate transbody communi cations and
W@ 0serores power consunption. The system may f uP€TIE82008/085048

i nclude at | east one of a beacon functionality nodul e,

a frequency hopping functionality nodule, and a

col li sion avoi dance functionality nodul e. Rel ated

met hods and appar at us aresghﬁﬁaﬁéovided.BRlEF

DESCRI PTI ON OF THE FI GURE E 1 illustrates a

comumhe &Y$iem iBelydeoAMiENvo Iransniiienlg teanspirpstrippded signal; a

SR RGN ETOR e ORI chuRehd Rakdkiona
fa@dcau reagivet Yo rieerive the EFHCQljﬂE signah tgr@tate@st drailiate. accurate

ﬁs’&ﬁﬁé’omﬂnb@%gx{ &P%seén AR YK MRS gHbr‘? RH8'dy eI may
erio onge an a transmt Sl
rfwmﬂrumqluﬂe aidea&mnek‘ar @Lbleac@Bfurictmnajlmmeeiula d&aguancy hopping

. r f '
SERRLRp M &8 2 Rlier BSbkafes, rulBHER i o gt
4hethddustd appesatas mes alsaprovidet. r ow band anal og circuit.
FIGURE 4B il lustrates classic power detection circuit.
FIGURE 5 illustrates beacon functionality having a
| ong period of a continuous wave tone. FIGURE 6
illustrates a beacon functionality wherein a beacon is
associated with one frequency and a nessage is
associ ated wi th another frequency. FlIGURE 7
illustrates a beacon functionality associated with a
t wo- beacon schene. FIGURE 8 illustrates a beacon
functionality associated with a beacon signal where
frequency is a function of time. FIGURE 9 further
illustrates a beacon functionality associated with a
beacon signal where frequency is a function of tine.
FIGURE 10 illustrates a collision avoi dance
functionality having one collision avoi dance
technique. FIGURES 11A - 11D illustrate a collision
avoi dance functionality having another collision
avoi dance approach.
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FI GURES 12A and 12B illustrate a collision avoi dance
functionality having a technique to detect a | ow

wa@epbiotarde signal in a noi sy environnent. DETAI REDUS2008/085048

DESCRI PTI ON Tr ansbody conmuni cati on systens enpl oyi ng
communi cation channels are provided. Various aspects
facilitate accurate comuni cations in noisy
envi ronnents as well as provi de enhanced power
conservation features. Mre particularly, various
aspects may b &3 RIEFODIEFFA PMORN GF FpghbPryugegMUNI cat i on
systens, an in vivo transmtter and a signal
recei lleUBth@WtF?é%S a@pmmwatl@nreéwommg@t #cluding a transbody
ver
t?éﬁﬁﬁdnrﬁ%ﬁrg §ttégp¢ag)ir§d%ghg§lbéﬁ ec nonglhzn{ Féfrom t he
i n vi FEGYREN itiustrates th@rtnaoakso@/swcm@adify mbéulem;feﬁﬁllﬂﬁ 1in
?P@atgpﬁtﬁft eri zed by enpl oying a specific
omruni cat'i on channel havi ng transbody functionality,
e.g., FIGARE 3A diustraigy & beatdnomakeéupymoddiel wovilieled eiff period

nmet hoﬂhaﬁ F F B Qi ?er@ The i,nvention may have
l!)?r@% %%36? P! Qa t'GP '8P(P§|”°%nd non- nmedi cal fi el ds.
The nEXKBRE 3B alludsratosc h uskacoh Oﬂal@mpnmbduletmramiﬁbgda short but
ormunl cations, s ms associated wth B rious medi cal
TR P b AR 0B AR PackSh i BV cos,
I ngeSFldulJREm/||||@§Eate§aeesoﬁhﬁt nanowwilnuaﬂnafoigeiurdaut
include, for exa body associated devjces such as
gani nFIGIBEARillist Wﬁ?&%@@%‘i@[ REVBHIRIPGIBiTEUkensi ng
funct FIOVREL! 5. ill@étfated™ | dddBbn Luhétlonglityah&ang a long period of a
comuni cation environment 100, including a transbody
CORVAHAUE A(aV8ri0RSsst em 102. The transbody communi cati on
syst eFGYREC 8MHlUsk8fes faorbe%ééﬂpfﬁctlé%htw WHef8in a beacon is
transmtter 104, a transbody functionality nodul e 106,
@ﬁaocaate@cwltlwecvnem@quempyvaﬂdo@smagm@t & asheciatedvyillp another
tnre nemdtiter 104 transnits a signal, e.g., an encoded
naI via the transbody comruni cation nodule 104 to
t he r ElﬁzUIaEﬂ Hl0grates aHmagbm&dnoonalitys assdeeded wittex tvd-beacon
h .MJyo..Tran.snjtter |nplenmentations of
VI vo transm tter may vary widely. Generally, an
in vi FlﬁlﬂREnSnilﬂsitratesl@Zbéemohutdmstimaﬁtyi assaciededieviinca beacon

capabl ransmtt nal an encoded
SRRRD MR e BT E ot B anemit tor
102 nEIGWREa8 sionthat ddistatel a beacon functionality associated with a

beacon signal where frequency is a function of time.

FIGURE 10 illustrates a collision avoidance functionality having one
collision avoidance technique.

FIGURES 11A — 11D illustrate a collision avoidance functionality having
another collision avoidance approach.

FIGURES 12A and 12B illustrate a collision avoidance functionality having

a technique to detect a low amplitude signal in a noisy environment.
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vari ous devices, e.g., cardiac-rel ated devi ces,
i ngesti bl e devices, neural stinmulation rel ated devi ces,

wore@poOA77ONS, etc. The in vivo transmtter 102PCT/US2008/085048

forexanmple, may be wholly or partially integrated with
such a device, nedication, etc. One exanple of such a
device is a pharma-informatics enabl ed pharnaceuti ca
conmposition, described in PCT Application Serial No.
US2006/ 01 6370. Another exanple is an ingestible event
mar ker (1 EM) and a personal receiver, described in

us P | P | |
CSoab 9a5%' Ul | Pt ppufeBInEaPR ST 2 Mo

par entr@rrﬁbo@lp\cbﬁmm@i@hl é:yscbmsw eﬁ@éw@%ﬁ{rﬁurﬁ@%n ofelnnels
anot her, exanple is H%I antable fluid transport

G Rravidedsc @B%Suaﬁpﬁﬁté aiﬁ ¢ sqsHAte P%&r%’ﬁtm'cat'onspm noisy
/éapulrcbrﬁﬂém@rasSﬁén as pmud@@h@a‘?r%ea7&we$tddnberf\/arém@atures More

exanpl es include inpl antabl e physi ol ogi c event
PEEHIBEY s VarRScASASEE MRy (Resasngiaied stransbggy gogmignication

%y%ﬁ)@é% &h ﬁ%@@@nsrﬁﬂgr chggr%igﬁw PreckRiet @éb?ne‘ii}‘ﬁéser'é?e red to
ds described in i cati on WO2006/1 1671

@er@ﬁ |a}S|a ifrgﬁ?QWer @ﬁéﬁ'ﬁtegsw'[mélb@@'é 202 r@pgwewﬁv&e configured

g

dnel invehtiomgrelpharaciested by ePbwing e rspecifip gompauriicaiioNagdannel
%1(/9\ 4tr91§§oo%n f tléh%ﬁ%??& %h O{rart%%digfuﬂgﬁéﬁﬁw ﬁ%odule.

herern i neorpor a entiret er ence
$Hajptat matleodsnare tadsd dogvide@ devi ce general Iy i ncl udes

ot g avect Bt S8 crorl b FRRAY°RL Aguite, RAGTER recical

dielagi n Taned nobeioadl efididat irdksiel rfat |axamplé;ammhmdpfccﬂmgnabsnons

SSeHEcaocab i yBtiady pibch MR EdepaRs adises. e.0. cardiac
Hevices,, ingéstible supites, @cO TiansRebdiddl meldsomaludey for example,
Modul e The si ginal may be transmtted fromthe in vivao

PGRSHSCFBICL BRVIFPS TUT8 BF HRINBAYIFURRS ISR RYNGrpaYsIglogic

%@ﬁs,h@fgﬁ@go,ﬁ@@@e‘{@r 108. The transbody functionality
nodul e 106 _general | y uses protocol (s), conmmunication

channEIGURE: 8. Tlusleaiin| & ormuuFatons PHpnaRahy & mcluding a
efShaly SmmaRalsh sfabd 181.C- Tﬁ@@rahswdyf@&hﬂnuh.%éf.dmsystem

| ow power consunpti on. transbody functionalTt
o foswWIises fpﬁ@*@'ﬂ@lebé@d’owvﬁ mr@@tsmﬁmilmﬂya trensleynfepctionality

hORRI 906, Wt & PRRer ¥ osaNfh EfMolb $5BEcts, the in vivo transmitter 104

transmits a signal, e.g., an encoded signal, via the transbody communication
module 104 to the receiver 108, as hereinafter described in detail.

1.0 In Vivo Transmitter

Implementations of the in vivo transmitter may vary widely. Generally, an
in vivo transmitter 102 includes any in vivo device capable of transmitting a
signal, e.g., an encoded signal.

In various aspects, the in vivo transmitter 102 may be associated with
various devices, e.g., cardiac-related devices, ingestible devices, neural-

stimulation related devices, medications, etc. The in vivo transmitter 102, for
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avoi dance functionality. Each of the foregoing is
di scussed in detail hereinafter. n various aspects the

wao e@psody functionality nodule 106. and / or PECEUS2008085048

conbi nation of its subnodul es (described hereinafter),

may be inplenented assoftware, e.g., digital signal

processi ng software; hardware, e.g., a circuit; or
GRERDRAMBNBe WMIRNIFYr - pa@ﬁ’éﬂ?ﬂﬁie@?été@r\}vn'ﬁegjc% éQfewce medication,

transm ssi'on may vary in one aspect, the body o a

@éﬁl ent may be enployed as a conduction medium for the

Si gnapn@s cx4mBle tdte gﬁbﬂné' dbﬁc&%d%tﬁgarﬂ%ﬁtumﬁﬂ%ﬁd%e dnpled

vivo transmtter and the receiver via body fluids,

ehermaceusiedt heampasiient , deseribedgnai PETt rpieationedSerial  No.

gﬁﬂo%s{d1%§*7'§”0/\/ndtﬁé': 7 %}a{rﬁﬂ@% A est%e?éﬂt'rh& PglEtl\ﬁ}eand a

recogni ze er co Bication ned
Pessonpb saieblee,. dE40BORE i WIS, Uydvisioes! Paent Appidaiidp Serial No.

gg@%g' %al 'SW ﬂ’ré'r Sx:)a% |é)fIS EL%%@F a[;nasr%rgfg% %%Rn%re, described in

In var us a
fRE@UBa0ar/il by4hovel amthercdexadr&ﬂe & beaconiniplantableriald transport

TR LSRR O ASELRRPLILY oo o7
ﬂm furﬂ:eﬂroﬁéﬁfﬁ?ﬂbiﬁblhgihrﬂaﬁhi@}é W@l&@ﬁ?gugcmpﬁﬁbescnbed
Pats SUPalRhpis, EBTE210.E5h0 A biodiattd; orridhs 2Bsovarious

OYtemEPhAY MBR0BS dascBbed i RCT ohd vk W’OE@@B?DTBHS Still
wakeup nodul e 200A, a beacon signal nodul e

Weriher ¢ ?@cﬁm@ﬁ%ynm|P&E@@e"cad'0ﬁu$€efl%| NOS: ¢ eﬁT/e rlrb%?007/022257
WUSO?@Q@% W@S@%z@é eﬁcﬁ&ﬁz@osm@@yb and @Eﬁ/uébg/???ss

beacon functionality nodul e may be associated wt

[fadc ovellc eambiitedt Stes Brog'S'Of‘@ b’él@@@ﬁ“@bnﬁ%@:ﬁl @éfq36r985 and
FIAHEA46. %&?ﬁ%@ﬁh@rﬂé&@ i€hereiff Ghcdids F?H%Fs %}irety by
the present disclosure acons are ty |ca y signals

sefetenset her as part of a message or to augnent a

messa f h ' S .

TP e ie G LB 6 £ SRR Ao BEPSH) sonl gt
cdentiéier, eepesenslive ubéreas étcqu%gmags inBe@eoerscoaey $ignals, e.g.,

%ﬁﬁ&i& ?Eiog@@ AGY dg@od;é %‘ﬁ?ﬁ'@a{ é)r{m?l@ﬁmze@d?ﬁgéngg M8 an
mmé’beﬁammammmm@ pEpeEls! ddieclyedmdre, an ingestible event

functiopal i nodul e 200 nay conpri se the beacon
E Efﬁcﬁﬁ‘?o\éa 200A, havi ng wakeup functionality.
V\akeup functionality generally conprises the

functlonllt to_operate i gh power nodes
%ransys:)odv Fu f:‘;ircmahtv F\/?c)cﬂeg P

The signal may be transmitted from the in vive transmitier 104 via the
iransbody functionality module 106 o the receiver 108, The transbody
functionality module 106 generally uses protocol(s), communication channeis,
eto., capable ¢of faciitating accurale receipt of signals, data, et and / o
faciitating low power consumption.  Such ransbody functionality modules 108
inchude bdeacon functionaglity; frequency hopping functionalily, and collision
avoidance tunctionality. Fach of the foregoing is discussed in detall herainafter.

In various aspects, the transbody functionality module 106, and / or one or

a combination of s submodules {described hereinafter), may be implemented as
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only during specific tines, e.g., short periods for
specific purposes, e.g., to receive a signhal, etc. An

w0 pontEmnd considerati on on a receiver porti onP@f/Us2008/085048

systemis that it be of |ow power. This feature may be

advant ageous in an inplanted receiver, to provide for

both snmal|l size and to preserve a | ongfunctioning

@bﬁﬁrhfo‘ . PRl Béic{)ﬂaprﬁ Solghl &fwalbenheasan yakeupicui ar

modul e 200Amay enabl e t hese advantages by havi ng the
CEBEAERNDEEIE’e in a high power node for very linited

peri Ogeﬁ%uﬁséé’ﬁ%ﬂ b8 For M nee%a?fvazt I8 Olﬁ% E&MNthe body

provi opti mal system size and ene draw ures
mﬁ apfradient m@y L‘.teh@ﬂﬁﬁéa:@ﬁ e Wutﬂm@ﬁewm iwrth@@i%iai | §5 such,

?ﬁbg;,s%ai :Q‘?foﬁ@tﬁfﬂ?& @Q%@Hr{ﬁé NP{?WQ t{&p?‘?\ﬁf@? %%e %’g:lr \{eh yia body

ction
p&iurcﬁsos’e: ofr ardhgreeset tmagnmasﬁm&mm \t:arrmisb§mqﬂéncy {RF)

a%ﬁgz%sgﬂm g(g%] gm!ﬁ’néﬁ?r fé’ S{z’t: glginre%gg{ue? ‘i!ﬁ%i Br esea,r%rm‘mlzr]zscaiaﬁn

anddiansnite eossiignal 1s detected by the sniff

commFIQURECE HEIARE reYrsoBd hiePlnafy fredh &0RGs Hume

MO Yrepker Rl Ihlvenowaspeers Wtrair@budmur%tlgnahty modules includes

chBreion Grbnul, Biockle 205 R ofever ropBiag FBFiwialy module

\Q‘@Qnarfru &E:@I'ﬂ§|6htatl@ﬂaﬁchémabtldrﬁm%odlﬂ@%@-mt whi l e
hi gh- power capabilities remain available for efficient

decode node operations during the relatively few

peri ods when BeAdRRichioRhdPAMobSL P! esent . Sever al
nodes, and conbi nation thereof, may be avail able for

oper alVRAgUa REPe Maycemelgyt the lReagan duneiignaliy medde 290. In
YaRBid ASIEA tt?e\’@éa%%htfﬁnétltiﬁ%lﬁg hidauld éd‘our'nég emcphoy one or more of

con |gurat|on an Op Imze ys em may l'eve
rhe{amBwWEW: | & baacmnawelseW@O@@aé@ﬁAwamapomrﬁ@uamed@lA 200B, a

3Q0 t
RSl o 200 0l PR 5" ar o
pnapluilated signathedue 200E. As shown, the transmt signal
i odically, with f .
o e ARRCBN fiftonailt hafte %?@ maph BELRBPRIE vty beacon
&Gﬁmnwmtanpnsaé by al mragen cohmmurtidatioh rchnsmelt a$>|egmi1 protocol, etc.
t ts, the
52 3he cudieBont, B PRl BB ReRRE DR alh s rals sent
%ﬁhiéff a@@ta'rtgcﬁSa nietshd_jnfz r W@)&ugh‘{éﬂt anméésa‘glen(;sbn?nTeg rgferred to
enent e as . a ni I cul uar e
ETOIE 45 Do IS s E RS cad MO et sbatpiristcs.
GUEIS bk trelBe @t | B&acoht @dfEbS8etetlcdstadiyan nolty fMeaseHents and

wakeup nodul e 200A wherein a short
may be used for a trigger to a sniff circuit, such as those described above.

In one aspect, the beacon functionality module 200 may comprise the
beacon wakeup module 200A, 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 200A
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but frequent sniff period 306 and a long transmt
packet 308 are provided. The sniff circuit wll

W@ewpea7e3 at some point during the transmit tiPEI/US2008/085048

this manner, the sniff circuit may detect the transmt
signal and switch into a high power decode node. An
addi tional beacon wakeup aspect is to provide the

nﬁ%(v Bharg' thés}énﬁé\}a‘%’ﬁ‘ade% %/ ﬁQ\ﬂhg riH@Mécé‘M%pe‘rétequ h@ﬁt power
t he approaches provi ded above, this aspect of

m%ﬁesf@w?rydéw@%pqrmﬁ%t@@ oﬁh@hQHWéIYCIﬁ?ﬁ)pfé&'élkmdt C&"hIéVOV'de
g)?ﬁrthaF Haterh %%etépﬁaéne?%}ﬁargw fgg[laﬁ%gnpt ion is the product

average ower cons tion a !nthIS aspect
t he syrsp@wﬁ@ythm r@cwererrtaMe wabse aup” eprsiogigatio ranehpt oy energy

%}Snaﬂtﬁhﬁlﬂm Y@Pé(rgﬁnpétsrﬁ’ﬂdn% SnQia, 36F é)Ye{ Qﬁﬂ% & B For the
case e per ods of activity ar€ av down to a
maidsemjrtberpreselnt eppiaca&dnry,tha teérow smjhfumtmjsgeneiralry refers to a

%ﬁé \tlvls/pdwc‘er‘?@rgc?ﬁg g tdle ct?a%%mlt %P(?s ?Pe{g;ﬁhg Uf; %ttka%mltter

a su

tsicgnat e Sleiectedr Iey:eme/esnlffr wmstlmqnmemiﬂwm pnawi Wd[nsmdnotoala higher

ener consu t| op at an pp iate |level faor

PRRSEPEY fis Fib)Slrebhbdtring §ial BupptiEesent, the

pessivaremayl \n@tuﬁxaen@l @ranmediatély eeiuin, i topdlesE Matlel omsnﬁg @nanner,
provi ustrates a resonant, narr

ﬁﬁﬁfﬂydﬁ&P%ﬁer%?cfgﬁfﬁg @l@éive'f/mwrwes 2 USRS 54@?3' is not

ipReleat, arhikOHigh-pbfleCeaR®ilities serAfif.avhilabl@fdriffciéf RRebSe mode
t he resonant, narrow band analog circuit 400 may have

&Pﬁf%‘ﬁ% RpdRginedelajively v peindis Whemayapemib sopake #reseat

| s tusgtbrbPniddesf ARAESMBNalEn tHRedt! ﬂﬂﬁ/”ﬂ)é besiapldl operating
The voltage across the LC circuit nmy be neasured, and

e sniFftcicrit.c Spaalahion thewwerds Aba particalns syalgsuioehemnif circuit

e triggered. The
EBFRARRICh, 88 ok B A R o e Rl GURE 4B

shows Ftﬁ'éREsiM dlugtsaies th%tb@@COYEWaUW nag@iile 20@A pdwsein a sniff
4 ) i ,
S5 200 oo T el piEE oA Sl e e
sunptiah isharovidedi arattes x exisi ptAs_ofshen{vm ameotr_a'ngn'ml signal repeats
FREAERES LA o RSP LEB 1 GAES: o 285k BBy, dpe s
@eriod 300G s rtmmila}nbngeretqalemlag/ tnﬁasmnm repedvidoh @Getiaghk302. In
it t t
a6 psnsls” et Bared B PRI AP P SEnd ngltRg the sni

peabdd.i iadihky wahethd osle. fud¥ion, tehat mﬁ:bm@l@dew@e@iﬁffammwt is
threshold set by Vref, a conparator is trlg&ere

SYRTRAICRTP hawe GF IRast fe TrRRsdpPIoR &R eesur eAch e the Sniff reut is

active.

FIGURE 3B illustrates the beacon wakeup module 200A wherein a short
but frequent sniff period 306 and a long transmit packet 308 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.

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
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signal/circuit is present and directs it to enter the
hi gh power node. Each of the above-described circuits

worea9b®7very | ow powered and may conpri se onl yPQOEESI00£085048

conmponents, with the exception of the conparator. The
conparator may al so be of very | ow power. Each circuit
may operate continuously. Each circuit may informthe

I’{h,g r&?é&cwgflstmemaﬁ‘ rhinAmsaithd etal én&%?%@ﬂtsumﬁtﬂﬂ? by daving
IS transmtted, to go into the power node.

P7§fy gharh pefiodshefsactivity, d’ﬂll"‘f@c @aa?s@p@e”ﬁf‘j%pé@@\é‘m%e rAgraged
%wﬂ tWee{ imgl?ﬁbﬁ\%gr Aﬁ%H‘?d?éW 4 Mw E&R; rﬁb@ﬁ%ﬁ‘fftéc%(nty @ provided.

eacon Ssi associ ated W t resent
t"ﬂ dh@b@%ﬂe dbﬁ]’ﬁmmﬁlﬁﬁﬂ@h REpvaese|a isgfflaleotbshtkvvnm\@rv\m/éhat the

stt‘aﬂghf‘ssIornefélégﬂ‘éV I’LEF%nSO tllnﬂoﬁéif t\‘}vif’P\C $6tal tepgr ﬁo&tn!sﬂMgﬂﬁn at an
requenc oner}rlggesel her 6f Che Crrches
|a|mpr¥1pmlmE[sveMordhe4>lram¢tets afteespeaifie systeed t o t he

or ovi doe PUTCHIREY he BRERIF ST RE M JREH G Rons are
gsovddedn i n FI GURES 3A or SB This may be acconpli shed
con SI >D _cqnver.ter

The DEIRUHESPAARERERE 3L E8Pn eeRiicopoaddly nficti aco,

fsr)tsmcﬂmg |ﬁ@ncmeﬁm@w2$ inditcletiest add apacisdrs04ds.  In various
requen

t one ich has a strong. ch racterlstlc
BRI o e ronenal e far Bte band AR (It 4G ATRE tave' & high
frhcb8dnce. 1 Ad U@tréaére@orbma«;% droviged @rmaahg mheaawtﬁ@ fr@quency of
I ongfilﬂe“ od of a conti nuous wave ton

$raiad $gnaho Hif ¥OausECIPFs %‘ﬁé—%@yﬁ%&& mé?( I‘?@ ’B%?a%’é?ﬂ and

FU9THS aCRTIPAdr. Olvren! tREYoRKJd PdasireBt é%fetj&‘ lé%é‘ﬁtam value,
wave tone. This continuous wave tone has

POGRIP Bt PBIBEFIEH; ThhFIEVItHOORRS thﬁfé'ﬂt%fié’&*g’f’amvb@f e
unnmod gy F AP5hbRe 2 élé‘ss‘i%ﬂvéf &-f;tl ngcab(:]yﬁ%g' Mrhd B&X/@r detect

is typically a period of requency.
ieiycuit 408 oraytlenadisthose knevean int the art, @qg@aeyhmeuﬂedumanmh/lsradlo

19508 U6 41 R RRES TELHERo (0 SRR o . e
rpemgldiemmcecwmm&es apdcl rexpnant ciEiuithéee., @f tankecingwit.hdisen a

ST pPO LB R EEED o oD, L SRUE BN 906 o
tHeahuse thextragie has adigh Qgits l/d>|tagbem1creasermd/ramanmuy déabdetage
i Fauen by T ihen oV BRE TosihuaGe ERESHER & Mepidle skt L vref, a
kRemparatbi i tligyeaéd.t Yhahsntddraidr DeREAS the REIENLBEAr that a
signal/circuit is present and directs it to enter the high power mode.

Each of the above-described circuits may be very low powered and may
comprise only passive components, with the exception of the comparator. The
comparator may also be of very low power. Each circuit may operate
continuously. Each circuit may inform the microprocessor when a transmitter is
present, e.g., a signal is transmitted, to go into the high power mode. For each of
these circuits, a useful prerequisite may be a well defined frequency for the
transmitter.

A type of beacon signal associated with the present transbody

communication channel is a continuous wave, single frequency tone. In such a
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wi th one frequency, e.g., a beacon channel, and a
nmessage i s associated with another frequency, e.g., a

wore®sags7hannel . This configuration may be  PCT/US2008/085048

advant ageous, for exanple, when the systemis dealing
with nultiple transmt signals. The solid line
represents the beacon from T Transmt Signal 1. The

@ﬁ§é‘eﬂ1e| cBRiLRRS e5FE1E StrddiRnbEashs tfl(jé&%Télﬂ{éFrBft thel Bifdlits in

vari ous_transm ssion situations, the Transmt

§|§H§|Esz4lé opaRcWRenihgare iaddp the eerreat FAWeNcYr ansmi t
Si gna*rhé bedsot @RIzl BthduMe 58608 Sna) %F@)udelf&n&e%ﬁ fals to be

Si gha can be at gquferent freguencies fromt

rd@méeﬁ dlg@altyea% @fm@vn mﬁGélﬂ/é‘hBAgcé 3By hisenanae apa@npllshed by
LA \ﬁt@?ﬁ & ;in%ﬁxzerﬂ%t Th(?i)gééo%r é??r‘r{]ﬁlé Qhe put

Sage rom ransm even
nmewlgauaépttonammg syséem aBeadon s;gmbs aliemiate@®yd by @tairzge )‘req:ﬁency

r r exanpl e shown in FlI GQURE
g&%ﬁ%g'cﬁéﬂggg\rlﬁ{f%t%ese%Ct%%%fcr ansmt signal would
nost Examples@bsochr &ysitéms Ems;sraglded iroFMMGURE i1 r st

S case on chgnne

transgj iLgpal. In t

wet 1 BGRB8 st Peiefi TinedaBudoBETt F 3REias et o

tchatirbas wWlvevbed, . §. hﬂadl@é Waaé/&eql@énwhhodmé a0s@1 1 etk aspect,

I nterference between [S fer Cgefs%ages in the nessage
ﬁﬁ%?o%%éﬂnﬁec%‘éﬁ@ g2 '?nsbearvp EsTUWNLQNT WaKe done: This

@@ﬁmudmgdvemlt@m hi¥ bbm eFIn@dEiEte@ DSTiIGA AWHIchhd1Bs thinformation,

transmitters, it will be apparent to one of ordinary
SRAIYnMagufated QP'ft'oﬂo”}'ltll.')’tﬁ freaueney W%t%%ea% i adly & fée”Od of

et R HRBA YreBRERYt TABSAbAUIRICh: tehd€ 1d Sfhl %efﬂiq%eﬁfzy dpectrum.
particular systemmy, to sone extent, dictate

déis pertionof fiecwRyRiane: serves enie bganoam It hRgaFEngiS fone in the
i ehH%ﬁr%lad&ﬁalﬁe@rﬁqg efagugﬁrtebg@ﬂkéﬁlé( nﬂﬁé%ﬁl@&&g%r\% th a

con schene acon acon 2. In
t hi s E#ber, oft thermetheds shewh -pievibuslyl cantdeienitthe single frequency

(Gl IAOFURRES U558 SR L UWERRY T RPN message is

nnel frequency o sage
tcheninge akt athen sit amoast ||muodm:odavmodeg$mlthatothea nsdgyagé can be

i er j i be a sinple
%@Frg?oqo Iﬁeﬁ%@ﬁbﬁgﬁgﬁﬁoﬁﬁé u@‘d’ﬁé%t of the beacon
Si gnaFIGwnEcﬂwlﬁuﬁaﬂ@s béanone‘mamttmlnahtythberteeaa@eacm @tassociated
frequen and the nessage | ency f a ,
Y éadedoneSs. 1 ot otns, SHes FifiTasere pssgiipd wi
debeien freglichcpmetdie abeﬁéasag@hambl Ashig tesfigurationf may be
t emsssae|sto be denodul at ed, hcejfreqvlden% |,si ,
|9r example, when the system is dealing ‘with multiple transmit
S|gnals. 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. By contrast, if an
approach were taken in the example shown in FIGURE 5, the beacon from the
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This aspect may be used, inter alia, to address
frequency uncertainty. This approach may provide a

wowrkani7es syst em f or nmessage channel nodul at i oPGT/Wk10081085048

do not have well defined carrier frequencies. One
exanpl e of such nessage channel nodul ations is spread
spectrum nodul ati ons. An attenpt to determ ne the

fSbBSIME aMs @t s?rgrﬁa?rv@‘&ﬂd FRESG LKA HBéBﬂﬂr@tthé’rﬂnés%aQé‘Ghd?ﬁ( the first
itself, can be difficult because there is not a well

denpmE§igh@hk in the frequency spectrum However,
havi n c n
gl tig cas&cm !?Jhg:%ﬂeéha%épgpérbyéll Selfﬁé% ng band A

chann with a wel fi ned mat henati ca
anessage tih orondechdie thdh ghaenel fwkejaciheydats dse @téwlmﬁrmﬁmnted

I

B R e D Ra e et a0 R A B BT Enatec
aivough dellision pvioitancce, déscalbbe daetaw.aVhilecGKIWREdEs shown with
B s b G o Ber R Bkt BRBRY ST FRAElo mbl e
aystepl eo ads tmsbalant &s penty merelsiangmatersaf fTHeeyeqwements of a
&m{%%%%hb ei Hﬁe ug %an cﬁ&p%tgefqaé q,{c%;cl%ecture of that
keyehi.fting (FSK) two tone beacon signal created by

osoi | FietGRE hifustigs txisor dutesspty pg B WL e wro-beacon

%bléméué% aBdaddie 1f agpERABYN rAthothef cadee thée 1sO88FelRidfined
invari ant to the fre uencihdrlft of the silicon

sthemaiicl relgtl@shlpakyp q freayensy &f thegbgaconmgignnel and the
ffreagww thébieRs 88 EndhnBRY IRhO¥E&R NS B @Rt RRAPAE §|é{nal or

hat the signal detected is sourced by the preferred
Soviged Wy aceery singole meguiation itTwill PeapFiIvAEHMgiee defect the

CSERE eRUEhS 4T UBRR) SRR Lk BRIt poscon
taméregy@ma:yrﬁfdae@ theomessade isorifftrsgiuegCy heasbehayeniniFIGURE 7. In
A8 5606 o PO B RUMIRBTRML i ¥gppel g ros
digheimetssage isvie peatetnastuidiéd, hibs fraquericy -islkefidwreexactly.

mat he i cal [y?]@t. nshi,p .i.n. t (]g; Lier .
(r equanieyictieck i BETRRHE e o oA ER fefleney, pagpraimy.
a’mom' mom VAl Iprcand!macz\mnkemilgay?ﬁtemherr mefsagguetaoyelimodulations

i on ti m that can occur with
PO Podhay e BT aehed R e P asequency 1 s set. by a
SI I C@he@@rﬂdl@bﬂ%ucfﬁﬁt&s@@ge Biartnet Mystiudltions ¢ kp@kadrspectrum

nt ro%ﬁges a lar gcgeauncert EI nté/ i n charact eri%c?ti C

%ﬁ{@m EPMPhAR [HEBIING HAP ¥EWHIBAS) AP BRI spectrum
gdautdidhl i8R, b REA, IdAnt I’ BBficeft because there is not a well defined
peak in the frequency spectrum. However, having the beacon channel
accompanying the message channel with a well-defined mathematical
relationship allows the message channel frequency to be determined precisely
from the beacon channel. The message channel can then be demodulated
based on that information.

The above description is of a beacon as a continuous single frequency
tone. However, in another aspect, the beacon could have a simple modulation
on it. An example of such an aspect is using on-off keying (OOK), or simple
frequency modulation. In various aspects, of particular utility is a frequency key
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decodi ng the packet and detecting the beacon
frequency. The circuits provided in Fl GURES 4A and 4B

w@e@viode7an exanpl e of this approach. |If thesePCi/D82008/685048

have hi gh power (Q, the frequency uncertainty may
cause the beacon to fall outside of the response
function of the sniff circuits. Thus, as illustrated

'sﬂlftFﬂgqF’@Eé R0 36Kk BedRAtdigal Ebé%@ecplf)y RRREMEBrRUIVRR: ratios of the

enpl oye Freq uencg_ 700 Ts ranped over some range,
@F%ﬁl’fﬁ?roﬁ”r‘?@na)%é@ég hisTiRgy rﬁ’é‘?\ﬁﬁﬁ/vb@@n% upiHe SPeCtE! signature and

The
?ifc%‘(r'e@@&wc%ar r oSfane C}\NPSt]ohééT%?@ rWaﬂHhta fh'é' ?éqdéhc rhnft, of the

ow ban ters are tune
@iligon OgCiHaAtOh -G lani Igl\/bsﬁlcaqug@iﬂa}ornﬁmﬂ &eqmmy ratio metric may

&%beﬁcﬁlgﬁ O4r %&i‘iﬁ? tﬁ% t%@létlgr%‘?t {L’Peé t‘g 9&1(&‘8&' bfy ﬂhg\éﬁmrgferred

e outpu er a OWs no power,
aobtcuepde\mcepoa\gr, tag IEM bBag @ppfoasugivey the beaoped distinctive

SREEHE herts Ryl gbrdoie D6l o1, ARFHefesS B RHE Lpanper. e

rs;gstpm/veeioesshmwnak bdar‘qtusmg fpbevebea@snt éh betaeonamhmegs ey the

nme.t2. .and then shows no
SO Kl kP ghareBlenbls o o RB0RpRY & BT TEaBRds out as
asihoyes il st hasid well-datipboyradihehiatibalt rdlgi@eskipoin tdh@s of
time difference between t 1 and t2. This can be
iCAPISEEAYE¥Ydi gital Iy or in an anal og approach. In

this FRIBREBROstNEs Bbacon funttisrelityidsbeifRdtwilh a bbatdriignal
t2 falls within sonme defined window to, it indicates

there requgRay i < SHRRORt Of FiRe. r dApe | RIoBlefethat can occur with

WYapbinftfeld Kanal tﬁ@ FakHe?: freﬁD@r‘i’de G¥t f)y & sfllbbh 690|M\étb|| ab@ not by a
detected, and_(by exa later, f2 firing Is

@@fs@jt(@ﬁ'”a‘lof TM%ﬁFQQN@e%@éﬁw Wﬁéwtm& efiaiagtpestic frequency.
érﬂﬁﬁaﬂdn{rﬁf i efrd@le nltc9 mBY Use & KkBY %ﬁll%\% e, Both in terms of

|cat es at a si resent. eup circult
|d@co¢l1@g| ther paphet and dethetlngetbalbteae@ egtianey provi des a
very r .
appl i tl:'g%’lcggﬂﬂgsf R@Egl%r ﬁﬁ?ﬁ é\%gg{%hf ne t?’]ne example of this
fanpeqmehcyf Hess Iwmts maviel I@gRE;oalerT@)a the dreqnemyyuriertainty may

?«’3@% ﬂﬁﬁe éc?o ?os lFgll Qlllﬁtg%% ?ﬁgg% r@_ %A‘sﬂl oﬁgrbe siff circuits.
ZM)E aﬁléuambed)aanlmUREsss rmtjhedamcﬂherotyrp)avef teacon may be
uenci es.

et BRaDEh e (0L BaAmPPH e SHERI 250 RGOS  Tessage.
f'nm&ﬂnlm behd fliteeneee dreliduel. Mheeidgrae s dnifedoReiath fhagmao an

een TR GGl BRaq PR, A e MbAL GG i G gifal he Anuitile
FieubRdy mBesuk 00BN FpEyRMBIE\ €dnd f2 fall between frigh and fiow.

The output of the filter at f1 shows no power, shows a blip in power as the
beacon frequency is ramped through f1 at time t1, and then shows no power.
Similarly, the output of the filter at f2 would show no power, show a blip in power
as the beacon frequency is ramped through f2 at time t2, and then shows no
power.

By building a timed-window comparator, an analog sniff circuit is employed
which triggers on the time difference between t1 and t2. This can be
implemented digitally or in an analog approach. In this case, when the circuit is
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with on-off keying, in a frequency nodul ati on keyi ng
approach. Any standard nodul ati on techni que can be

wa@ppbioad7i 0 a beacon to give it a distinctive PCT/US2008/085048

character. In various aspects, data nmay be inprinted

on the beacon, to avoid it being confused with any

ot her signal. In various aspects, the sniff circuit
%btGBQhﬁaﬂnthﬁ@témﬁbhm%ﬁ@%omEWﬁﬁ%eéNﬂn&Mh&@Hiﬁmﬁﬁﬁﬁpmata
approaches available to avoid interference. In the

isigeal isdIresesd t o FIGURE 6, if there are two beacons
transridt jdigp a¢ 4 kyerysa{gﬁm;ﬂv@es. h&ARS M benty G Ulithg will be

have beacons at nul re u nci es, e.
wetacigsl, @nflr(ey @éﬁr@plehﬁamSéalzoda firing I%ndeieateef f|éd°[0§eftW© revents

i - r t; o} warl pec
R T e
Sgmad i prasent.i dinebwalkeren cir¢udt Isetheontsiggénedy dheoesulting design

B8 BETRF KD el R T 30Kt orouts

anne
it detetminleehe irequentaraseshosyst EMGYURES. ovi de addi ti onal

assur e of det ectjon of t ncoded n
FREQUERYPF358B! 18 bﬁ’xlcpf‘ {%El %‘%a@? o%%”a%“re will be
FgHacive, Ry, euﬁpﬂheymédlﬂqneermgndnm@dum zboacta)ﬁ@alpptqach to this

nodul e.. Th re ho functi onal nmodul e

oS i, 12 B it Birean BREniacbeheeR dnm i aushRighs WheR this
@namaabh &) detédted WiR e Repriehfedredueel difkéncefhdsMéiNdefined
vari ous aspects may utilize one or nore frequency

B PREODr BERINIGon G levak 47RI 48 VEHe NIOBCRY @ DRagPN had been

PRAEY, W%eﬂﬁ%‘n%@gaé@mﬁ\doi V&rﬁd’l eW§Hﬁlb?%s'uﬁ cARigehachieved
the transm ssion coul en a single proper

Aéidgeoff geﬂ%I'@@é@qU?W MAdylptien keVitsaRRre’eh. has
aCCO”Wn% shedatd r%oH‘dI%ﬁ fecﬂﬁquQ%HH'Bb%%%zLéWtd LBt tbzdlve it a

i nfornmation pay oa o the recelver e transmtte
foissinoiéecghaniacier t i yaripupraspeetedddig may e impririgdencipe beacon,

rf(?%[%i'ajglt b%l ?o@fu?eoawrtﬁ%gnatﬂgﬂgiblﬁel.zoﬁfg\r/ &{p‘ae@fse the sniff

One su exanpl'e
hwcmamggemmr‘dmemﬂmbe:moon a small die. To illustrat e

can bande FaahliPgephn EBplokfhed AEAHBRIY, APY hiterknce.
elees ideg remnéoemeﬁlm.tRBlﬁ i tbeml drepwotheanond transinittimgchtehe same
Accuraci e of +

AT st dolfe RhisChediondiat rrdudb Vieftindide, o via muttiple
firegooetyC Yncdidd ooy @l @osidt Biidcts Ainerh hiterfaiemcdenef iat related
may be extended battery life. To |Iludstfrate over. the
ap}/)roach the aspect is simply-to have beacons at different frequencies to avoid
contention between the beacons.

In various aspects, a frequency ratio of a beacon and data channel is
invariant to frequency error in the ingestible event marker system to provide

additional assurance of detection of the encoded signal.

2.2 FREQUENCY HOPPING FUNCTIONALLITY MODULE

Various aspects may employ frequency hopping functionality module. The
frequency hopping functionality module 202 may be associated with the specific
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course of the transmtter battery life, e.g., three to
ten mnutes, the probability of the transmtter

w0 e@n®mi7ri i ng on a clear channel that can be rPCEUS®O8/085048

by the frequency agile receiver may be significantly
enhanced due to random frequency hopping. Still
anot her benefit nay be mnimzed collision events in

RioBtn iR %ﬂ&hrﬁé?{;%mcﬁ;en@ hbbblH?tﬂrétto%l @td" Ik Zich Olarious
of collision le in vivo

talsﬁﬂ@%n’ﬁﬂt)/e'#tﬁ'ze @ng.or meQeféQOIUEP@V EQ@H'@Q REFIRRAIS;, Far example, the

[ t I ousl as, |
POLALT kY EERREIRG AR E) SADECUE o BHERe o W

areasmisgiost eabld 6l ukhen R yingle ProRe sieeote ifpaghipved, the in vivo
Wa%t'nmetr %u s ?[tc glliﬂeyit%trrﬁggﬂo}ﬁ of ‘%W %e{tlhﬁ qlléed?@Yatl) |r?form ation

ere na proba
uolaalpadrt@tslfletnebeleerevent mar ker s of asimlar lot wll

(2R bR, DATecd” ReBldty Bkl ! EEAC eauency

resul isron I n-aspec
tmepmgeélg \flaeiqu:muoyn sueicte 2024 omayseeata moltipleebenefits. One

cond ction.a tlons esfr m about 3 kHz t

0 Bl A Bt Pl AP PRy, il MRk, Snph gl 4
mtns&meednd imatuvo ﬂaﬁQﬁEeEGM‘rléDﬂé@Idrﬁ:y dsbigtation cah e an maccurate
transmtter havi ng. a recej ved &ﬁﬂﬂLPI evel

{18 'Mange Q?F'”i‘totrdhaitdé S )Pl e B RO AL PR k?ér?d1 mm

idiY. eAESUirh &8s Dhan@lofdedrbf Lreo@afeeadily tblende®dThisds because the
thousands of nV in the sanme freguency spectrum To

WQQ"@&@@R'% iR e 893/6NIRARIYOETHRS i nt er f eri ng

Si gR@diRer Sudn Sélh’&ﬁ‘crﬁa)h%@péﬂ&cfe@aﬁ@tﬁéry Gfe. Pr1Qf MESatEBYver the
beenpl oyed in which the in vivo transmtter randomy

fPuGeedhe H@p&m&tehaawwhb%\rﬁjgt thipe i@ taneminsiegn dte PELELIly of
?hB%g%ﬁgﬁﬁtFéﬂ EQU&{‘ aaﬁ\eﬁr tl:'haﬁﬁé’i lﬁﬁgﬁ%ﬁnsﬂ%\ frbcdi®dd BY the

SI gha S| gha out pu on each
tfﬁeansmﬁys@ilerrecava roay.be Signiicanty BANTESE INETP CRlaNT frequency

ngﬁh Vari ous aspects may enploy a collision
nce functionality nodule. The collision

av obiila@oetheunznetinahayt yenouoilvezathrolieioas swaitatisdhight tolume

h I 1.0 sj o

A RAEAL, AL A PR E sBb U B g
wiviol Itraasmmnersgus gGoingestibte event dm*rkersprahe ogatentially transmltting
RGO “SBRASh S e RSB ST A P
m@étmgédt@]’ lcpnegednly, of @r c@Séﬁﬂéhﬁ)orampr@leryon@@tba differently,
wo or mpre in vivo transmtters arer{J r&pa}plllty that

w@out BYeNGyn ?H‘FH”QH“&PL%‘P”?'Hbe 58 (R PRI
FhLERtIBe SRWE MAKERS bf al Simi&eloV Ml PaEmiNoN itV same (or nearly the
transmtters send their signals

same) frequency, resulting in multiple collisions.

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 uwV 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
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continuously, the transm ssion of one may obscure the
transm ssion fromall the other in vivo transnmtters.

WQR2009/0765311 t, failure to detect signals may i NPCEESM08/085048

significantly. Various aspects may include various
col l'i si on avoi dance approaches, alone or in various
combi nati ons. One such approach enploys nultiple
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ativ i S approac ustrated I n Flgure
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goglinupuslycihe miggieyAf BNy PTReRre mﬁﬁé&"@ﬁhssé\on from all the
RS if & fraR&RfteROt Asrér}égﬂjlf fﬁ’ldre tB%été&%lgrlla{Is ¥ increase

transnmitters, e.g., xrntMand xntr2, are no
tsignificantiyt.i ng si nultaneously, they will not interfere

i th t F t
Used SRR RBkets offRy dhAURG cyerbls it 2ROLBAE SpBldhcnes
BOYbeodr in kaviausmenancatohs. 90% of the tinme, then

C] anabe, ficr” Bbutebi Xfoke AR Sl TRfelcl, B using
degLescyeseectuy itedvpi diesl. trdvsmitteef broadcesting FltGUREcan be
g e ' b TR ShEF ofiaclefinadiTeriiensl Bey gfe Blndmiing
sihtilanebbsly. Aa arbanation oy th@ragdddadv s tilvetrhiedtn Fidure 9.
CouT B g 0B, T VEsIgE: £ PRCEMlASY o iEn ey e 2
brans®iter OhREIdy20uranghBekid Nerafdinitter 1 is broadcasting on f1.
Transmitter 2 is broadcasting on f2. A receiver and two band pass filters are
provided, e.g., via multiple band pass filter module 204E. Band pass filter 1 is
sensitive to f1, band pass filter 2 is sensitive to f2. Once signals from the
transmitters, e.g., two IEMs associated with Pill 1 and Pill 2, respectively, get
through their respective band pass filters, the signals go to demodulators. In
various aspects, these demodulators can be implemented as separate analog
circuits or in the digital domain. In this manner, collisions may be avoided.
FIGURES 11A - 11D illustrate another collision avoidance approach. In
various aspects, the specific communications channel(s) may employ duty cycle
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cycle and the frequency spread. As a result, if these
two transmt periods are slightly different, they wll

w@eowe/070778and out of interference with each ot hpeT/UTi068/085048

overlap can be controll ed, however, by dithering the
duty cycle and the frequency spread, e.g., via dither
nodul e 204F and spread spectrum nodul e 204D,

rnﬁ?&oQ@éHthélgy vid 8 dhﬂ/‘ @c@ﬂB&ﬁlatldﬁ r'ﬂ@&we%@mg%ferrélﬁ% transmitter
collisions may be avoided. Wth reference to Fl GURE
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E a simlar effect can be obtained by having

é*agﬁ&g%\%&%d'osci I lator frequencies. In practice, the
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éi'@fi‘{b(r‘i“ﬁ%feﬁt \}%ﬂt W@j‘eCQf%t”r ang eyt BfSkE‘qufe&Wﬁe ‘ﬁ”r”é&@@h@ﬁher The

QREr1A} 4h BE 8akiPollel Bodd\RAUS SithePiRg ‘ﬂ?éjduthS/Elera%Hﬁé?re&@ency

FIGURE 11D, the retry period i s random zed

éﬁéﬂﬁﬁik - gxn\_ﬂ@l difyep ameed'es28dd ande SPURAICL §P%<6Wt§n r@ﬁ@dﬁw 204D,
édne%a%él? I AR rﬁ&ﬁ@r?otﬁé%@&dr% @tﬂl?s'léhs MAFo G06ikd.

s anot her random peri od before
br oad ¥t fafereaeild FIQHBEslﬂB,odashedmr}smtt@rgxrn§2 has a slightly

R0RGC B0 el 1SR EN e YRS vl Bnd o Pghdfiers

ran next ransm Si on
Wepinsbraadtdsting ra e rsatnermnb,eafttmeemhm noeer of dassmissioos, the

Tl dfiers cbleyt B gicoM Bt uy BaBR JORT' (S, ¥yERh, e are now

oihciotdre «bnbyanafnbe ahd otherhiee steaurdag doltisivnsmag eadvotdee.

retry ri Thi h_can be_based on a_. :
s euns i efRacelid AR REE . PR Bradrat e faingd pybaving
ehipread tofmmatwméqaeb@té@d mrpractro@althe)bysom@bcm@tad:oused for
nummber gener at or ther%ﬁgf or. on the s

ArssrargIters hake 4F Beice R R BRCT A 19b difference

Wifrféqlﬁer&‘%/r in@hnd Wl edfier OMBO GfankMessloPee fwd iok&ill&brst 608, 1010
seria
that began in phase with each other are no longer in phase with each other.

Various aspects may be based on frequency distribution or the frequencies can
also be programmed to be explicitly different, e.g., to have some range of
periods. Noise dithering a voltage controlled oscillator frequency can also create
this frequency spread.

With respect to FIGURE 11D, the retry period is randomized. In this
example, xmtr1 broadcasts and then waits some random period of time before
broadcasting again. The xmtr1 then waits another random period of time before
broadcasting again, and so forth. Xmtr2 begins broadcasting at the same time.
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nunber can be used to programthis random zation tine,
either directly or by using a linear shift register.

wowbpiwomal aspects of the transbody transm sSPOIUS2008/085048

channel use spread spectrumtransm ssion to nodul ate
the transmt nessage. This approach can be direct
spread spectrum or frequency hopping spread spectrum

AovsVeBXATRL ©asanywaits bNen&aH intd Béf%'ré’ihéTHé%t'tFHn%mlsswn and
access (CDVA) techniques devel oped for cell phones
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cbm aéfﬁytlraﬁthewéanﬁ@rcﬂ dR\ﬁ@tm @‘dhleesetryrpemdead spect rum

such El‘ﬁ|368é€[o%’r‘fjec%n%e}ﬁﬁa§% oﬁogg&lelua_ ?aﬂ%% lspeﬁggnc% that is
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g8, R el Ml 2090 KL B SpR. c

satyl tran‘EmltseramsraJamhue lselsalmnmmar rm)mejeatheﬂoweti bits @f the serial
he carri el C

b to fi
SORERP s e ke &€ pERlai s PRI o i e S iy or by
gleznigm%lme@aéhlrteéglﬁtreeq?ency Thgt information is
et er as ro n,cer I N
ol | e 5RboRS of 4BF M0N0 ANSEAYRE AR eie soread

tsge&tAird %ﬁsm%&éloﬁﬁ@mcﬁuatéﬁﬂ@e’ltrhﬁ@ﬁleMe‘és@gé OTigs @dpdbach can be
|[S%/[cl e, spread spectrumtransm ssion can be

BE} SAUPH FRGAIT A TBUATY PEING-REaT HReGgbafs AN gxample,

céfny abf%?é |cb§é Qﬂ/liié’fﬁ’?fﬁmﬂ‘@ abéestsh@)m\r/lﬂpﬁéélhhiqhés ijevéIBSed for cell
e times the probability of Erea

Sﬂb@@@$ l]h@t ¢K@’V dop meultifgdes f r ¢alk pbm,eso.tp Qﬁmoﬁlﬁ @n the same
tf%ﬁpéh%\ﬁﬁhodt rht@ﬁér‘él’l{;@%ét‘?% eanSon ﬁr}ﬂ?é’nasg)'é@lt & Yaspect can

cycC rKS very we two or reetr nsmtters
@fpor g bagpdsdrmanyt aht@eumwknomwmﬂes in pread gaeetsurnosuch as Gold

gﬁ{olegm@ggrw g&tl ons, the duty cycle nethod breaks
owWn

here are nore than five transmtters
provi dheghalEngeito barmdovessied i apgroacmsl probateilisticallyro K code is

SHIFRIeRL L et TR0, D Bl “lpah oY e HReBpS b wo
rtrand@iticzahaving ninsl shm e XD4E. eradcmskdngm gt thef sambitiee 8f sufficiently
ST T OS50 B8R gL Fpfe carir
3ieglienayCleatatss ishicadi spetingtiteimsiiseforisan igeneril oo Inbangaiis well
tdreﬁrrw]escgncgrsrle?r}?e’quency. That information is determined, such as from the
beacon.

In certain applications, it is useful to combine the different techniques. By
example, when there is a long duty cycle, spread spectrum transmission can be
particularly valuable. In this case, the probability of a collision happening is the
probability of the long duty cycle times the probability of the spread spectrum.
There are no restrictions on combining techniques.

In calculations, it is shown that duty cycle works very well for two or three
transmitters operating simultaneously. However, in regards to certain
applications, the duty cycle method breaks down when there are more than five

transmitters providing data in an overlapping time frame.
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To get beyond ten transmi ssions, spread spectrumis
one approach of interest. As systens go to nmany

w@RovaltEnRous transmtters, even if one has a BECDDS2008/085048

duty cycle, the total time that nultiple transmtters
are transmtting becones a significant portion of the
time and collisions becone unavoi dable. In systens
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e tsIMEEE QAChes n RUCBr 25 moNgn bl ¥RSSr s, Mpltiglse transmit
Aegushdiéd me§rae érﬂ*ﬁl@pé@m a CORBOIREI HvirBAmehPWhE® WY frequencies
consunption, If the systemnust wait an hour before a

W niswlraneaitietsh g hkAQVR:r ahehi 11ee 4P gieAl tiReSRRrS: afit@nsmit

trhedbrkiB&idn ABRE WeRr BeydHl 19 RANShitld, doh&ld Eh&@rum is one
Anot her possibility opens up when systens have nore

SopHashitioaitraay be gAiRvedenrd Itraa copbimsRread spegirum yitbpther

ft&fhnﬂqdé%.i et channel, for exanple, waiting until it

hears nothing transmtting and then transmt. The

spr ealloiper iangrduiy pyasashow withubrieei simeltaneous dposiitiers ibwrre is
v, diSti Are h ' .

SPBLLRY Snahb Sl o endi 3R, YR B CtB Ry Fljision
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using power all that time.

Another possibility opens up when systems have more sophisticated
transmitters. The transmitter can listen for a quiet channel, for example, waiting
until it hears nothing transmitting and then transmit.

The spread spectrum approach is quantifiable, depending on how many
distinct codes are used. When the Kasami set of codes are used there are
32,000 distinct codes. In this case the probability of having two transmitters
transmit on the same code is 1/(32,000)%. That probability goes up geometrically

with the number of transmitters. Even doing nothing to select transmitters that
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receive a signal in a quiet part of a given spectrum
Fi gure 12A shows an aspect addressing the probl em of

wa@ledoenti’nyy a | ow anplitude signal in a noisy PCT/US2008/085048

environment. One approach to that problemis to find a
qui et place in the noise spectrum The detector of the
receiver is programmed to that frequency band. The

a8 Sdibiricecolrs | afk C@l%lrizt;g%hoﬁfé‘:@édo%rmf‘aﬂohabf fcbgsIuRsYion, it
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(Pmﬁﬂedl'l’ﬂethﬁm%t region; RRFALES S I%SD\/HF‘@H’W Aleiniesteeeneer isiig that
?8pbRyed to receive only a quiet band is not limted

to systens having a collision avoi dance channel, as

describ | sewhere in this application
fooei IoFRE J28e tReBANSHSSAY O5FUrE r@t&i'rr'%wff?gent frequencies,

AP aq‘fa:tn\omg_srsdmmebelnc\mﬂfous lé%ﬁé’ctl’; Oothéﬁgéﬁé%ébnﬂnﬁ&%e%e@t such
channel lication serial no. US2007/02422

et f]r@:uJenAtthopglng, YnEaNdpo g g HRicabnalneHemsen scheme will

%'eﬁ&lﬁg Beesl ﬂ‘n@rf?equeﬁ%‘P bhhd &f |rﬂ rPV GATRA kS, th%otga?nsrﬁ%r will
2006 1671 60/ 866, 581 ; 945 25 60/ 956

@@e@‘gallwgmm.'ﬁ@ themiet bﬁedf@-ng evﬁh@aﬁu E@m%ﬁlu mge@ﬁJ'amﬁﬁﬁ By
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i oregO|n . i none

trate sone o g concep
asgadgng t demzdirigsmiabmgnahdelebo thecexdetierd signal ohzoigeetadio (FNE.
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B Gnet So ST o S BBiealitn R3S dyRr ESP RN Rp g oy o
Thefolawlogtapplications may be configured to receive only a quiet channel: PCT
application serial no. US2007/024225 titled "Active Signal Processing Personal
Health Signal Receivers,"” and filed on November 19, 2007; WO 2006/116718;
60/866,581; 60/945,251; 60/956,694, 60/887,780 and 2006/116718; the
disclosures of which applications are herein incorporated by reference.

To illustrate some of the foregoing concepts, in one aspect transmissions
are broken into two channels. The first channel is used to broadcast the data. A
one to two percent duty cycle is performed. Immunity to collisions is enhanced
by randomizing the re-broadcast rate. The second channel is used to broadcast
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rate is in the 10 nSec range. The beacon transm ssions
are short, in the range of 100 to 200 uSec, when

w@oeibio7ohs are not of concern. The beacon andPCEHUS2008/085048

channel carriers are generated fromthe sane
oscillator, so fromthe beacon the data carrier can be
cal cul ated. The receiver will turn on every 10 to 30
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SoRpRITEnt ThispepP SoW'Ffb'&%er)’V EI H'éerﬁog}p&utlb@tyg

condug] bRRY abSa, \fhé‘gb&/e%)gs"t‘é\h,ls Hiiffeago % tA& tRe modulation
speci fic conmmuni cation channel's. One exanple of such a
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are herein incorporated by reference. Various aspects

i nclude nobile configurations of the receiver that are
3.0 Receiver

The signal receiver, sometimes referred 1o herein as the ‘receiver”,
generally includes any device or component capable of receiving the signal, e.q.,
conductively receiving a signal, via one of more apeciiic communication
channels.

One example of such a receiver is the personal receiver, supra. Another
example of the receiver described in the in: PCT application serial no.
PCT/US2006/016370 published as WO 2006/116718; PCT application serial No.
PCT/2007/24225 published as WO 2008/063626; PCT application serial no.
PCT/US2008/52845 published as US2008/052845; the disclosures of which
applications are herein incorporated by reference.

Various aspects include mobile configurations of the receiver that are
sized to be stably associated with a living subject in a manner that does not
substantially impact movement of said living subject. In certain aspects, the
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sized to be stably associated with a living subject in
a manner that does not substantially inpact novenent

w@Roogarw73 i vi ng subject. In certain aspects, PCT/US2008/085048

thereceiver has a small size. To illustrate, the
recei ver may occupy a volunme of space of about five
cnB or fewer, such as about three cnB8 or fewer,
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external component may also include an interface port via which the component
can be connected to a computer for reading out data stored therein. By further
example, the device may be positioned by a harness that is worn outside the
body and has one or more electrodes that attach to the skin at different locations.

In certain external aspects, the receiver may be configured to be in contact
with or associated with a patient only temporarily, i.e., transiently. For example,
the receiver may be associated / attached / in contact while the pill, ingestible
event marker, etc., is actually being ingested.

To illustrate, the receiver may be configured as an external device having

two finger electrodes or handgrips. Upon ingestion of a pharma-informatics
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with or associated with a patient only tenporarily,
i.e., transiently. For exanple, the receiver may be

was®ooiEared / attached / in contact while the PCT/0S2008/085048

i ngesti ble event marker, etc., is actually being

ingested. To illustrate, the receiver may be

configured as an external device having two finger

@h86lchogRS 1 ABAYtdRPes UPBNelcBYSSds @P &hbd the handgrips to

pharma-i nformati csenabl ed pill, the patient touches

tcﬁ@Péqt%@tqoﬁéé%“VérC'rQH'éWﬂhtﬂh%VGWQWGQr Hpsn ﬁﬁ“%%?ﬁa@feth@ signal from
Ctal UpN S

?ﬁé‘e%gll ‘e@’ m/@l?gﬁnHé nr"%uitsﬁ?lf/é‘sz!rf ﬁféeém%gﬁcPhe plsuﬁﬁél SthifBd Yy the

amesﬁlﬁew;fsthe pillispickebHmOK tha weeweynal emitted by the

| dent | 'c,eer ﬂ‘f a{sg)%c!%'l heI 2x rrcféﬁefecléﬂlepyn{ap n‘c%oeé Vrﬁirnic?turized

In cer aln as € external receiver may 1 nclude

relavtranies i wieidh eirecmlegrate@ with tte afeetrpdese ¢o doreal avbahdagdeestyle

BeEf hEhEbeRaeS hon NI RRIeE Eofrcl S Bl cThe, bangage-sive

knm;db@eemby&tﬁry atgcHabla, &I‘@]]V&Ib] an atihesivealalyer, oeoiper comsiruction.

n hesi her conpstruction. ;A batte and
Hodfe And Srecfttls Blaviddt e PERBEE" The PRacned AVl iAla™ iy e
g;ahﬁdurgclayo be posinbhagtioed deslrb?lepﬁ@iet iswgn%de @N e subject, e.g., on
eslia tar t In site o the su e.Jg.,,on . !
i Chidle Babiralfe of M0, aie Ioihess Babacts| e Hiricad® cirouitry
XGRS %nfbh%dl@ﬁd@él@e §ibh&lgiflofy déBaesifsies bf tr@tmbct @.g., from
recei ve signals fromdevices inside of the subje

@ngidentffies (@l £n Phayerr- infareraties cpapiRd MM AsItiRak P%POS'UO" and

enab | ey PR TRE@MtioRato GRMBREIdI Ofrocédtthd RRWickeledy, a PDA,
this information to an external processing device,
n@rtphan@DNObmhﬁbﬁoh@dh%b|dleé'09hé¢(@PU'ﬁén@ﬂﬁeI%!5 described in
L raet PR AL, hgBRLlF SELCOS et oy IR Bheca for

asapm the ﬁresemwstiemsnh@uqdﬁ dséare syidinied thnbbseieesdsiped in U.S.

0 h S b :

Hsfortghgy Bty i arbh %7 HE™ o AGOSrES 1 SRIF e perein

mcmrmmammwratmemm ated by reference. 3.2 Inplantable

Receivers In certain aspects, the receiver may be an

i npl antable, i.e., designed and / or configured for

i mpl antation ir&® Impim&tzitﬁeﬂecémaﬂsant ati on rmy be on a

terrpo[ aré/r{ basi s per manent basis.

aspec NCeTia, asRes \;réer elcglv%n‘@y\pg adump}@t%@g |e designed and /

f@eaam@dry? for ifplantagibh etd acribjeet. swrma/ntammmay Be on a temporary
unctional it

when present in a Si 0o al . ,
BROR1S aeianeRE BRciE /g (B9 BIP N FeGsoh fuiruivg during use.
GRHF AN MEAplahRBRA rddeficte nitly mahesly fuﬁcﬁfon&ﬁwl\ﬁh@n present in a

peri ods of tinme. Periods of tinme, for exanple, .include
physiological environment, including a high salt, high humidity environment found

inside of a body, for various periods of time. Periods of time, for example, include
a few minutes to eighty years. More specific time periods include, for example,
one or more hours, one or more days, one or more weeks, one or more months,
and one or more years.

For implantable aspects, the receiver may have any convenient shape,
including but not limited to: capsule-shaped, disc-shaped, etc. Various receivers
may have relatively small sizes. These small sizes may be achieved, for
example, by incorporation of a rechargeable battery. In one aspect, the
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a few mnutes to eighty years. Mire specific tine
periods include, for exanple, one or nore hours, one

WwW@eoaoTIE73lays, one or nore weeks, one or nore PONURR)8/085048

and one or nore years. For inplantable aspects, the
recei ver may have any conveni ent shape, including but
not limted to: capsul e-shaped, disc-shaped, etc.

YadHRgsaniE 68ttt has e Rau R o'f abadt (MRl Wesk@®l1h apbfR$ aspect, the
These smal | sizes may be achieved, for exanple, b

irehsr grALk Pakieryt ataoméawvg‘é@me@ fsemt \aripus | SUERES, &g., coils in
g@%ﬁ‘éﬁent%rk?e’oe@ﬂP@rr%@é%rem%tdeeédhf@aﬁedatﬁ' bd Bl g éﬁ@&r‘n of number of

two weeks. I'n anothéer aspe

. ar gea
Isiifterentylocaiicnsa bixaaipiep @(Hm@@ﬁsﬂﬁ@ﬁe\/@elaﬂ@ﬁT@@u%@e@na” of the

Ealh it Phopiger gl SRRE B RO lied Oeer R, A EipufER BE.

| ocat Im&rtaurEmwhteblecaspemsam;emmewemﬂs agtanda®nalsduiteni.e., not

PG ERPL e Hostr L 5 Gl phiEE, 98 Thtaable, pRUER D vet otrer

@spéas nthe rrpd:avr!raba)ebagpgmcal,y ddupledeoa y@mndsmalantable device,
st anda] one

3 SRURE I SFved af o BBl RESPES orE b SBldRisal Sensors.

macat dewéehmalyebbea\}’ﬁd ¥ayh Be aptvrdiocadduyaraeatn! et fllosteate, the
nt abl e, devi ce, serv

RE NGB AN ERY BGOB ot ey s B g i DG SERETTS. ©.0.,

Wﬂe@héi%ddcg ARyultpSedsdraasy MSEP aﬁn@aﬁt@bl@' @é&ﬂ%ubfarnterest
lead. To illustrate, the cardl ovascul ar

ad
iTWENE d NQWRE: 0O UkD AEE AN | 'Hﬁ'iedph%l HT‘%'@W@QP s@ﬂ%%r generators,

PelrostiMifii6 deVRekEirthldriafie MY recs@BROktd. €ad (MSL) .
I npl ant abl e devi ces of interest further include, but

are nBeceiverstreay fusther inslusler aBRCeIMsT lelan s ivetiaR seryes to receive
rﬂﬁé”s&%el BH R R6t. I Fe%% eP %f[ﬁ%g}gbea hane: r&%l‘f?f%‘h? types of

etc cervers may furt a recelver el ement
Vibdaiver siemestst wheta:é"uev@atureeotstf@n@lcewer elemang siecessiagly varies

:dgggh%e oH%¥e hgtﬁ éJ }@%Lﬁﬂo}ﬁu @/ {hfees{ﬁﬁfl IgIePf@rﬁﬁor%lement

el ement’s; e na eécei ver
éh eemtain asee@s,staewtagewmrm@)smdkeqdermiuerrg rooret diectroaies fer dn‘tectmg

oL bR SLAEAEEE B Db, SFP 808 8B cevie
moaye bel grovided esittf awo deéetaides gthat grmldus&mﬁddedt by predetermined
R T T P R MR

difepertRedoltdged Phicedistapcaim@dvaty shied fecerfed® aspects, ranges from
predet erm ned di stance may . all ow the el ectrodes to

FOPHL?- 1aI°cﬂbe‘E? FMaPUGHAT HGE 2891 Gip 49 gRed %ﬁ;?”baw about
e di. FeEdredim 23RSt the firsNBRSrdIO M APEBHta&. Witth @nadiBéttically

five cm such as fromabout 0.5 to about 2.5 cm e.
£pBgyctive body element, e.g., blood, and the second electrode is in contact with
an electrically insulative body element relative to said conductive body element,
e.g., adipose tissue (fat). In an alternative aspect, a receiver that utilizes a single
electrode is employed. In certain aspects, the signal detection component may
include one or more coils for detecting a signal emitted by the signal generation
element. In certain aspects, the signal detection component includes an acoustic
detection element for detecting signal emitted by the signal generation element.

A receiver may handle received data in various ways. In some aspects,

the receiver simply retransmits the data to an external device, e.g., via
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one cm In certain aspects, the first electrode is in
contact with an electrically conductive body el enent,

we2@9/07r»od, and the second el ectrode is in CPCI/EHSL008/085048

with an electrically insulative body el enent rel ative
to said conductive body elenent, e.g., adipose tissue
(fat). In an alternative aspect, a receiver that

bhldriRRalREI RWhBURESIN OfE oiner @BPLAY Ethe rfoBeiG8 bRcBsses the
aspects, the signal detection conponent may include

éereeivd ﬁ@taewcféﬁtemnwfwmeéctp.tﬁbe goglegrationestont 2 opgrating an
te"ﬂ%ct%r hs Qﬁd@ﬁ@tdoﬂﬂoﬁh@%h u\gsufs}l%réradﬁutﬂ’é BEFhStrahdifitting

i gnal detection conponent es an acoustic
detantiol signal ienamefigaior |Q@@t@dtei|9rﬂjw§lr@ iniheeacyt @t theylikeneln still

%ltr%?alasgggigr afh!eo WeSéﬁé'P netoreé tﬂ?e're@elveaaydﬁgn%re subsequent
at a as e

recel ve I n vari ou ect
reicaismessien ngplapothet rdawsm Qrsfot ee dratmocteesnag & xsuiisaqulient data,

evi ony 0 a | .
SitheBrogndia, opRE ML S8 PAsriStel BB T, JBE; wivers may
ghatfarrh anygedbmbimatien mhmebe and oot atker spmatlcmst using rseuellveasata

an eff i S under

operatin th
oDl ol Pt aShd S ghtdilal S BERpl f fS Rl Tpragg etement
grwgllﬁde)bt Seaﬁn@het(ﬁ ﬁ:m(ﬂféleﬂ qrméh o@méedncelaaewbmrfer B.gt,hglobal
(0] or .t he n ti ot her ect S,
Pitle, Shridoraee's ot Facho P UBRORTS RIS B s i ghpatient.  The
r(%ﬁtlﬂ@rsma?sb@rthéoco@ﬁmbﬁafan@\df QRe Qfon’fwsm@ﬁeori ] coded version
processi ng of subsequent data, e. detectin

dhiRgle Ne d@ReresardeRetR ihe wiaid §I°ﬁ%ge PRGN i grrgcwer may

RERHR B R me&ithi reaérdaRrorhatdresiand8dojbetalitPivRiBh the receiver is
operations using received data. In cert ai n aspects,

tageoqiied, efatidantdyipgdofogeatian supl asaby @Qtdm@@ © BaBAtL age,
'tﬂéth&ﬁ %cdr&asétconlﬁ %(ertal'n odégfact'%" |th8f dald ”@f |H|r@F 1 include

an identifier, . 0., uni que seri al
@em@aham@nmeeswruemenwdﬂmeﬁam @apeds.athgadatanof mT.erest include

he .

SRl Il dfBYels iodf QTR Lot FRIBA TG various
ghysiospor awpdrics! engararoétetdhee.pe ceriessure nary vblurmeh ereasurements,
i,ncl i,.cal dinfo tion of the subject with
R AR AR A LR R e g | " et fyi ng

i nfor Aatémmamegihamebwme medeitdargrichacbd comﬂgme;]d axgeuave a very

t men or etc | cer as ect t he,

S b R EsREnS dpr Ars B DliPeRBrrdne tituf Iatieved
fPpechs or theredimtayrabdi ditcanse sindi adaude). carsﬂe@ts défi ®@liRvention

properties. In certain as ects, the data of |nterest
Telidriecsprsothel BRS PbIE33! & MReRIYST IeBRNy & GnifiseloEM Of one or

fndte cldUtRBBY (SUCHI ag/ b3 BFaddBASIAHESBEY Soes) AR @dwlérggeneratlon
act|V|ty, resplratlon rate H etc. As sunmarize

rPe 1109 SVRUR B’@ gaergmaédb@ JerBrgeablgedjc., as
mentloned above. As such, in certain aspects the power generation element is
converted to receive power wirelessly from an external location.

Additional elements that may be present in the receiver include, but are
not limited to: a signal demodulator, e.g., for decoding the signal emitted from the
pharma-informatics enabled identifier; a signal transmitter, e.g., for sending a
signal from the 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
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small size. In certain aspects, the desired
functionality of the receiver is achieved with one or

wOoreee/o7aTregrated circuits and a battery. AspecPGI/US200$1685048

i nvention include receivers that have at |east a
recei ver elenment, e.g., the formof one or nore
el ectrodes (such as two spaced apart el ectrodes) and a

ROVEY sUBRefsidcipt %lf%@hal & Bre-arfipliRtt £Mmyicropieiclséhe.g.,
battery may be rechargéablie, etc., as mentioned above:

A@owmg ione os mate 1 kisshiéersnt iectispabliesyies Eacelyer-
el emeRrg, éc?t? R MBIEnehId Xg ol Mﬁtr{éo itk &l 838k Ya fbf@aggicauy

an external location. onal ements that na .
goewatiplei enaaseire,ctvg gemaracsange, e'bQIde@ﬁe anpeWer ﬁwréei, which

(S EEBel T cihond BudSEO LD poverea b

ibdeatcast indyctiselyitgaaloilt T aagmetl\t@rma)ealgo havecirgdndeongisiing of:

3 Rl T BBl R Ve Ged Rl SR REH .

alockpeanded slagn@ trapbmii onhte(gilectﬂe mmdarretTdae diatk, and transmlt

i.cal .record data, etc
TEeaRay G0t n iR viled  JofaneiiBn daa ¥ an
mﬁrzejrpiondﬁctareslirﬂinl@l mo@e [riferradni fror@r loc@l data storage to external
croBrocessor e.g., for coordinating one or nore of
2PFEr ent functionalities of the receiver. Aspects

of i npbaiNeadXt@nXieestioas, adpddieintrReeiswattuvdd thahaa® @ectrodes
bi ol ogi cally conpatible enclosure, two or nore sense

OPRESIhetne” ih Jile esagIRor. RIArage. gl RPWAT: fBP aggaUnication

RhdyTBE Yvifeflds @ pdrRfiel 48P bRe bﬁtrﬁ&"eYGonQJDclwéembB%t i, wires,
powered by broadcast inductively to a coil. The

opteqlJieersp@ig- al so have circuitry consisting of: a
denmody] epgint %sﬁ%‘ié’d%et '%ther @[é%ﬁ}z&ésedaré' QA forS ARIving and
ocC and a way to

st or age tO_ recor events 1 v . . )
tiieasmiting @lgtnaISd@rtehmo@edyay Teea ciigiwatghdwhiclris reionductively in

cBHt‘é‘c{ W}ﬁ thbcoul J&y: Tb r}n&?erR@ael Batasf'?&ﬁttﬁe d‘ﬁ%@ A ttr‘?é?’ wnHWatch

ansm t or condu |ve I
rwvenhsrrﬁay batseon onfnr b dadis adlndd@teived by dbe vxtrxstvmtcrermdre are a

IR BB A B g ARRER e oo
mmnyajheudewdlduatlm proﬂ;(tcrmtsatmat use doisoweternafibely, electric fields
muni ca rel ess or gerforqu over one or

r%?'yeb%’HBt?é?W?' 'HF%'%S GeCrogeP 8T fibers,

etc. Imcerdihadspeaspeaisd Tonipdaerssnd &Jnendrra@ctmckara meegtesent
for receiving and transmttin

5EEelVaTs e RERSET! G s B o o TRE Y6 e Aoy ctude
tahgurRBslyof digtin®® YighctibSalddeks! 1@ MnideRiIdsOVigM at lvéhfeceiver, at
\?ga{s?ts\gﬁtecgf e.g., two or more, up to an including all of, the functional blocks
may be present in a single integrated circuit in the receiver. By single integrated
circuit is meant a single circuit structure that includes all of the different functional
blocks. As such, the integrated circuit is a monolithic integrated circuit (also
known as IC, microcircuit, microchip, silicon chip, computer chip or chip) that is a
miniaturized electronic circuit (which may include semiconductor devices, as well
as passive components) that has been manufactured in the surface of a thin
substrate of semiconductor material. The integrated circuits of certain aspects of

the present invention may be hybrid integrated circuits, which are miniaturized
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currents may be sent out the pads and received by the
wristwatch. There are a nunber of RF techni ques for

wo a@Po7d7a3 i ng transm ssion out of the body thaPCTHy200£085048

enpl oyed, such as inductive protocols that use coils.
Alternatively, electric fields may be enpl oyed, using
i nsul ated el ectrodes, for exanple. In certain aspects,

R teARPARSIS Scoﬁgtrué{@@tdfqn@{lldpéloﬁﬁlcgﬁddcﬁﬁ’ BERERNas well as
receivers are present on int E’gr ated circuits, where

ORESIV ceypants.dongdad i asHestiale ORCiFUHRNArG di sti nct
funct V—\ngévm\%(?%\Séve Hh&- recéfme%‘ bﬁﬁlblt%ﬂa!ﬂ)'léqd@co%'iﬁée& an Sncoded

recei ver east 'sone o nor e,
émnuahevemlnn@edlreseﬂce fo%'bﬁt@ﬁﬂallw arﬂﬂ @dq\& Shh"y’! B@S functlonal

%é@é@trgf th@é@cévé}glo? th@ﬁ%hg@iﬁmy bé& B évuqésa \rlrlgglr?tnogs schemes.

I ntegr I I Cul
Somg eudi scchﬂamlessmcludeuioe eixamplei coherést danbdgtiarhee.g., Costas

T e e Y e

a}z)rﬂeetlommélf(b)ci amnhhbl,semaoceﬂalnolp, e.gi, Iasodmcnbeq)m E@iﬁmpipea:atlon

t t
B8 75 P BheblomeR el VRS 55R P BoS i B Healt
\Nﬁdcblvé& Pass ifileel @rommemlbbsﬁgl hat7;has oh)@mrsur@@uﬁ/\mummbrem
in the SlérfaC? ép n substrafte of sem conduct
ARRCKRGraed PYhETerRPCS; FYNBGrECPIVELS PldNisrest dqugen bél%ﬁ@c’ﬂ@ limited
@, thbse @b@@rﬂi&j mnweotzo@e/mw ®esdrzbs,681; 60/945,85 £060/956,694,
CIrCUItS are mniaturi zedel ectronic circuits

EOMRSF(RY ead‘doprnd%o@ﬁﬂdﬁw &etine ofiacies\yes deli wiish ge herein

Wolrpdz}gtegqg,s(bfé@emonents bonded to a substrate or
circuit board. As reviewed above, the receivers

exhibit reliable decodi ng of an encoded signal even in
?gﬁ hidesence of substantial noise and a | ow SNR This

nal aspect of the receivers of the invention
may b¥apous/iatpectsi dnoude, olps sxdraples . tralsmittigc tvia cirenigs vivo

ROy AP EnBSRITE G CRERLARY, SR Ml R8Pt mosuie
icommatricagiodet g signalFardvacdivibgr vie a0eceiget, ittuneride@eY signal, as

[ C Ilation, e.g., as described in PCT
3%3?5@5?55%???@%51 al no. PCT/US2007/ 024225 titl ed
"Act i \reors gm@ct,Hhemstﬁb@grd%desoﬂaira&tBradtlbh oR#reeenemded "signal,
and f.iled on venber di.scl.o
\X)ﬁ]eéﬂ”it%e ﬁ@?@%ﬁ”? o‘?FBkBTP%? 88W8§/°?’EFJ5‘}F’§'HE&°? 'ﬁ%"re the receiver
e @eisast dnofofithé esiRsiing: Nepoitteng Pidxidu® e ih iami ihastiveomode,
t hose descri Ped in: WD 2008/1 1671 8;

60/ .86
0 K oo UoR sy 8-7aR 0k g 0B Aspedbiiny dat the
FankhgtedisSsregsntr es of which are herein incorporated by

reference. Met hods

Further, various aspects may alternatively or optionally include such steps
related to beacon functionality such as facilitating, via a beacon functionality
module, communication of the encoded signal; facilitating, via a frequency
hopping functionality module, communication of the encoded signal; and
facilitating, via a collision avoidance functionality module, communication of the
encoded signal. Some functionality may include, for example, providing beacon
wakeup functionality; providing beacon signal functionality; generating a

continuous wave, single frequency tone; providing a first frequency that is
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Various aspects include, for exanple, transmtting,
via an in vivo transmtter, an encoded signal;

wo 2007723 i ng, via a transbody functionality nRCUg2008/085048

communi cation of the signal; and receiving, via a
recei ver, the encoded signal, as heretofore described.
I n one aspect, the nethod provides characteristics of

tiferemarsed 8dtdnal WhRIhes Mt tah;@ec%hérf%‘ahéﬁéyﬁtdn@SmoduIatlng the
optim ze power consunmption to facilitate the receiver

iefceded @@kl one of the followi ng: spending maxi mum
time gy %r}(ﬁue'r??\‘rf]édo‘ﬂ% dﬁ?lggtg M’?y'aﬂgrn‘éﬁv&g of @p}ionaﬁl?qnclud% steps

waki ng abi i t%@@
trelate;dniq r@que®ym®@m gewatlmgarandsam ffeayenrypbeRss Ofegdy narrow

%Iahgrtr%ﬂgh}f?d%l qoptionally include such steps rel ated
to beacon tunctionality such as facilitating, via a

beacoﬁuﬂhﬁrcyetovmiwsyasmdlsl raay atemaliventor aptiofallyhinclude steps

FRRRIEE QTS e S8 Al uRol VKT 9REHImer
gingna|secamdi |rﬁ axwd traa$r'n|ttgr, ati djffaremlfteiqﬂbomeavmbdalammg a duty
f_ ctionali t1¥ nodul.e, . conmuni cat,i on

SHRRmr P smitindTatpSRt Y RaGarkG! aflest Ao/ RIENH! spectum.
mno'dwa;iinggaM@ycmaMeypnélu@@tdumGMQ tiye dukyoeele nghd spreading

beacon ,si gnal, functional.i nerati a continuous
Y (TGP R0 o AR s 2t PRI foatarcrasy iy Comprise

for GAEH Gitultipiat barﬁﬁ bhéeiReind 'b?ndlﬂelféﬁf eFices abherbinCrespsctive
at a second frequency; and nodul ati ng the encoded

SIS aSSSP'land ‘fV p}f]f@fent vrﬁﬂp%”LFéesa%rﬁefﬁﬁeée%X/ respective band pass
alig@rnatively or optionally include steps related to
frequency hoppi ng generating random frequency hops on

a narrow band transmtted signal. Further yet, various

aspecy_\gd@y alternatively or optionally include steps
rel at col lision avoi dance such as transmtting,

VI a aVAriews aspecis may incluteran argeleacemprising dercexamplg,\aostorage

du y cyc‘i/ﬁ‘wr,g |n§’thcglhé§het[1 ?%B&Fr gg%@?fd 67 2 %B?"i%ur egcfp 18¢S?m, result

arc rexssutnf ofe e,umathpdsq;fe cprpwmngl\/tndmsmny r@mdmcmlmcemploymg

t i .
RSt o el ool it SBL e ERR, BRY @R various
fstarsﬂmnﬂmr@uonawfcsmmrst;ﬁ 3 trahshitithgnvid aplie vh@nlmlamaﬂer an
n eren es, wher.e res
EnghEd Nead titdson e frestERu I Bafik FRREE LgbGmunication
fof ltiee 6igelaloynd &é@@ﬂhg,v\ﬁalwmﬂ:em'és,sthéIdnlcede‘d signal.  Various other
steps are illustrated heretofore.

ADDITIONAL SYSTEM ASPECTS

In certain aspects, the receivers are part of a body associated system or
network of sensors, receivers, and optionally other devices, both internal and
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 patient as output. For example that
sensor may be a member of an in-body network of devices which can provide an
output that includes data about pill ingestion, one or more physiological sensed
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Articles Various aspects may include an article,
conprising, for exanple, a storage nedi um havi ng

w0 p@bouord ons, that when executed by a conput i PGI/US2008/085048

platform result in execution of a nethod of providing
transbody conmuni cati ons enpl oyi ng comuni cati on
channel s. The nethod, for exanple, may conprise

Yﬁ?érﬁé&é@ﬁﬁﬁﬁn%@'d@@bbbe%ré’tfonSte@dPStoS aRNex@8rnal collector of the
transmtting, via an in vivo transmtter, an encoded

sai dihe exigenalicoiestaig . ovi 1A the formry 19displth Gata newark seyver, etc.,
5P G %ateFQ{Hﬁ“&rﬁ&ﬁbé’rﬂhigfrgéﬂ‘?%rf%%gpbd B4 WifCa h&%l relevant

Via a recelver e encode . Various ot
slatgpebeirtdhe PRl @bedvaightewesibes. medicsl Temmk@ast{mmnd may

?ﬁg&ggths dFS tta?é "Yafp Qg:féréwdé nﬁ%fcﬁie}éﬂswﬂf %oﬁf&fuaf’ patient

assoc ated syste
ISBerIG‘/éa'L‘a and opti onaIIy ot her devices, both i nt er nal

d I ' [ .
Epes SlsteltRior MEL flloR iR fn ol B ckriBln SdelEf Eibcgivpr ana
[one ce Se e bfyarmaanmlenasm enaaledh aatsveiagmtc&mtammg composmons

t t
ol P o B R e AR BRSO L Bvppent
k@enaurnregTb@ﬁp@éutuﬁﬂha\mgpadjddmetuamablphssi@vaté@meﬁbwmﬂn |6 @Brtain

d tput that | dat a_about  pi | | _
Raget R comebtlonsomte RS JgbRaAtrdBRtauhit resbiect As

istiph, antcakhe éb%‘éb@etk@p&irﬁ;pds(ilmnsféré phyél@al@'rbr@k‘érefen@' dissolved,
collector of the data he external collector, e.

idgotadeds BiofPds etg., fhlloming ealivernior BPRY: e9-v ¥R, m@egsélon igjection,
the Tt GorhhemidhRdYi these bbhettd ﬁﬁ‘eelj*éﬁrﬁ%ﬁr%\d' #&H HRicRs that are

wi th additional relevant data about atient, e.g.
weniigired \Nééteh@QeStﬁéoﬁf@aﬁurwéfédf@sﬂathwugétT@e ga&,tr@mﬁ%}mal tract

%DBgtﬁﬁﬁallghlf%oFbp "e?etl)? |%EtalT;18 o%gg\sgmenw&mdvé aﬁfﬁt‘éh@‘ié? and

and cont ext ua i ent spec stens
sungodve agantgariierrconmsaingde where oeiht @nthe%csmp@er‘@s are present

g %%'h&ﬁﬁacae@ﬂc%@%}c%pt%lre%eﬂmé ma-i nformati cs enabl ed

i've a arning conpositions. The
phar mahée ndemtlﬁanﬂ afsthe mmp@dltlphamea/cmw ideakndiogostheiganticular

3R L BRREBARIEE FRRIR PR, B o
e(aseJeturlsed bn)eummﬂp@ﬁad:tl\mnsaaar@edplsysmo@daIUp@mon e.g., stomach.

A etie ik fid £ Bh Fenhbngt edis mbiiib kBT inogptects a

da@éplbdd%d (i.ed emysiddicapsnd e, acﬁjitmn,orfa)ﬂehial\nvélg ﬂh@| me«emyér may
i on

DGR s drdlierpied o RebRbeS TipOtmied ARGt BrS et apivated
deii igestifiedhay@be any component or device that is capable of providing a
detectable signal following activation, e.g., upon contact with the target site. In
certain aspects, the identifier emits a signal once the composition comes into
contact with a physiological target site, e.g., as summarized above. For example,
a patient may ingest a pill that, upon contact with the stomach fluids, generates a
detectable signal.

The compositions include an active agent/carrier component. By "active
agent/carrier component” is meant a composition, which may be a solid or fluid

(e.g., liquid), which has an amount of active agent, e.g., a dosage, present in a
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configured to be ingested and survive transit through
the gastrointestinal tract substantially, if not

weewplhatred y, i ntact. The conpositions include BET/US2008/085048

identifier and an active agent/carrier conponent,
where both of these conponents are present in a
phar maceutical ly acceptable vehicle. The identifiers

?fhaFrﬁ@ce%H@R/Sédcb?fé%le”@éfnéra"Me%ﬂﬁé‘ﬁgé‘rﬁt/c%ﬂlér%mponent may be
particul ar aspec i ntended application of th

¢ofppediie pvA §@5a9@ﬁ9rf’&l§atﬂ%y are activated (i.e.,
turnech Qe éb‘é‘h'ﬂ ﬁ]@fﬂb@gan‘ﬁ)" &dSordr Sﬁhlﬁgﬂésbf’lf eFS%‘uadys which

| ocati on, .g., stomach suc the identi

peocduces c@enhysmlwlcal Hasulb . g $ aabeme@ﬁlal oiHeeiul tesghnerast sontact
o g o oA

it i 0Unish, S q., ATKBHPHATSEN he®) himahl! ARHEK Lofifks are

tdisdingeishalyge drog gtm cohponants as rvega:tesd cafriees, diluemtaslubricants,

SRS S odNahd e, Bl e RRs AR or SRR rREcuve

s:ﬁgmaherhtel Thn/\aa:tgei'agtenmal:ay be,ang.ngolecuip,Es weihasa?mdwgtdmrtlon or
t t al.n a

SiRGrte] Hra iy e daBRe AR diBacR Mo tinag dving

\subjecia 1 hestiaml agmebaé thargdeive SigeAt naydoe aankSwmiérusk@Jdm the

apove.. For exa atien est
Gt iiei e 197: HeVERIAhoh 410548 Gerder Bt BAMBOENt of a

heddrsdiionl & sertiRlaspddrs, m@rmwetag@ns rﬂalyoééldﬁbh@ml@al@ub@tance
ag ent/carrier conponent ‘active agent [carrier

éHﬁ'%@ﬁ &narcoti WHC'QOWH figacts e antrakpenyeupsystem and

2alissh Hanbbslirfbdwmyr, |1 quid), which has an anount of
active agent, e.g., a dosage, present in

aphar Waeémlvwgept liccefuabisecapatle of intgrpsting tithea target in a
fﬁg@gage &l Q*hecf%{?g&nﬁ%{y BBYa BSurhisdrebf %ﬂf%r@n&i?p@s of naturally

. or nul at Acti ve agent I NC
oeawtnadstaicturest wherettargeispoliinierashiinduge ot erstra,cellular and

%gﬁé%;%ﬂu%g't&lﬁbt % ttarvceng %may %eS&rBFefH r’ gabs&{ollﬂragf Huclelc acids

Sontact
rpomthe, Ill@u(vvheas paoteinsaare praﬂleukal,gemtelsesar 8pecific protelnaceous

darbleort! Qe 0TS PERTS PR, T etReg; pBip.  winases.

fobosphaaasasy rad@t&asand:yelmoawlaaes,nrocnsrases handntise like, targets
%%@%}ngv&(ﬂal%||nvoév§db5n Broltl%n I%qtgl ﬂ?eégctppg,gﬁléqﬂ ag the SH2,
1943, ePTB what PDZ damalise fuctpalubaitéing, @d:l atirgi dllin, etc.,

process in a living subject. In t ai ects, the
Rambane JestPtasy BRuAoRBLNg, ed- dabucehadiisian psplrs, such

tacemtdtRinG, o, iBh CMRIMhERN tRihsMefHbP&RS Quiiosddradscription factors,
conponent of a nedi cat| on. In certain aspects, the

SRl e s, n"’eﬂi’&i the lik.chemi cal subst ance,
The active agent (i.e., drug) may include one or more functional groups

necessary for structural interaction with the target, e.g., groups necessary for
hydrophobic, hydrophilic, electrostatic or even covalent interactions, depending
on the particular drug and its intended target. Where the target is a protein, the
drug moiety may include functional groups necessary for structural interaction
with proteins, such as hydrogen bonding, hydrophobic-hydrophobic interactions,

electrostatic interactions, etc., and may include at least an amine, amide,
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such as a narcotic or hallucinogen, which affects the
central nervous system and causes changes i n behavior.

wab@oant7rryye agent (i.e., drug) is capable of PCT/US2008/085048

interacting with a target in a living subject. The
target may be a nunber of different types of naturally
occurring structures, where targets of interest

's[]Fbe(i'ﬁ QQFH?DnVImHyGRﬁJyI Bl arsRgl EPGJpa(‘s@bll'n Wsaht 'ié’arsg%§ of the

Such targets nmay be proteins, phospholipids, nucleic
dgncignaltdenieal DiguPs. wher e prote| ns are of particul ar

I nter g?ﬂig ﬁﬁér@bllc 2y OhELEE GG eI tc%FtQJ%t &r Hétke @ggcg%fructures

i ncl ude, I mtation, “enzynes, e. ,
@Iﬂd@pﬂ?&i@@@@% or rp@tyamra@t@sstrwe@@apgt@n@ge\wth pnetasavere of the

%'Bg}/é Ghch |br§$ eqrbﬁﬁsge}-\‘%o MRehedh 3d cﬁﬁ%@nc{lﬁﬂésﬁ@l s‘f@@&]r@s found

el n- |ntera I ONs, SucC
}amr@ncbldhmwxbeaal imsluditor wepﬂrﬂ&sl saoohelides, faity. acids,i ateroids,

: . |

éﬂg%%g@/rﬁﬁléiniesggigg\gﬁﬁ@gs g@g&@orlsanal 89% ?f&}%%l:aﬁs thereof.

&uch cbmp)ouhmﬂﬁysbe stcrmd&oﬁieansl tpwmsf miler@nsnhmrptal \mmety of
|ns and the |like. The active

f or.Ss, r ot

e e R oRL KRB ERE LS, rore finct) ona

gr oupFhaegegsamayf oe aémueet woad fa\ ntamrgw lmEertgh ok hgynthetic
r . roups NecCes or o QDI C, . .
DmouRe indt B SRBRERCT N BvEkeLYHIaTR A Sources, including

ilipkRied ©f |s9|ﬁltﬁet|@|@pﬁélldkeﬂg:oﬁ1bobh@s PEbE bgathgle, ﬁurﬁ@ro@@dnéér% are

i ntended target. Were the tar is a protein,

@R i et yaﬂﬁ% Aed lﬁj@cf%éw%ﬁﬁ'ﬁ g (ﬁjﬁﬂd%e‘@é§%r‘3ﬁ organic

fBmpdtinest Hhal bioﬂﬁcﬁécﬁ.‘ﬁés‘ thc‘Mdir’fg Pfrat edr@ﬁaraﬁé‘r?h of'Srandomized
taqdro gen bondi ng, hobi cmagdro

genuptaatides an@loé@@F?Qﬁ'fjﬁ$ i Alter Y%th”%@f@s @ftnaturapheempounds
Ml)é f&%%% gferlhﬁﬁga@rblérﬁ‘eﬂﬁ arfdafSxiittd Eﬁédé\)é'nabIF or readlly

onyl roxyl or 'carboxyl group, such as at
wmﬁusedt h@dlﬁcunaﬂw ratarial eheyitedicaly piodsceditrgdesoand compounds

o5 S8R TR ShHSB U EAnep 200 RIS AEYAbormica

ruc es an or a I'C or ructu
DEEBIS| t aned nvayt hbeoneseﬂ oo rwodiica heorabiog®rilu nlmrammal Known

r . i, nt t [ i gt :
2RHEE S et SBAg e SRoREE IE FRRER B fgnoom chemica
pmmﬂlcdmsns ssaunbhag iadgatiorf, adlkyataon, dsteriitation, dsnidificationetc. to
é%?dﬂ di neﬁJ Idertpvat ives, structural anal ogs or

ChAUEHLAl ARalogst . such conpounds may be screened
t o i dastsutl, thbesey afayi b eftemied fine beibeary af lnatuyawfoccurring or
di fferent %Ereenl,na g,rot oc%s are Known Icer t he
PHEMgliugBoRey/epe BERID8dar MBIRAME Hatc@mBo) ScBaFHFety Wroush
WAoiRtdrfal means, i.e., a compound diversity combinatorial liorary. When
obtained from such libraries, the drug moiety employed will have demonstrated
some desirable activity in an appropriate screening assay for the activity.

Combinatorial libraries, as well as methods for producing and screening such
libraries, are known in the art and described in: 5,741,713; 5,734,018; 5,731,423;
5,721,099; 5,708,153; 5,698,673; 5,688,997; 5,688,696; 5,684,711; 5,641,862;
5,639,603; 5,593,853; 5,574,656; 5,571,698; 5,565,324; 5,549,974; 5,545,568;
5,541,061; 5,525,735; 5,463,564; 5,440,016; 5,438,119; 5,223,409, the
disclosures of which are herein incorporated by reference.
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conmpound that nay be obtained froma w de variety of
sources, including libraries of synthetic or natural

weowpouwTds. For exanpl e, numerous neans are ave@T/Hk1088/085048

for random and directed synthesis of a wide variety of
or gani ¢ conpounds and bi onol ecul es, including the
preparation of random zed oligonucl eotides and

ol i gopeRd é’a@égzorr@lsto%l@mé Af¥s of ihRradtiifudt, bhphrer @t limited to:
conpounds in formof bacterial, fungal, plant and

SaTqieMasewlar Agestsarrainnglief Ageatsore. gea@?qlgﬁsﬁﬁoﬁ@éwe“cs anti-
%rﬁrh%ﬁ} laentdatdit alneRfe- §c}f|ﬂ? a%(%rﬁ)é/’:' %ﬂﬁ?@g%‘b%ﬂtlc de]%z anti-

raries and conpounds are
dﬂ@ﬁpléﬁmq &gentscdiem cal , physical and bi ochem cal neans,

and Ay Dif s d&%g%%%%p@%@%ﬂ%‘%?fHe@hv r#t@nggﬁec‘r'includea

Known phar naco agen
dheaecaceuticallyr sacdeptablee vietile nfbdi, flcamer)on@prrmh emriers and

k n er on t i 0
ae%éé‘o?e‘hg pF%(gJ‘ucéé s%#rﬁctsltj gﬁ nab%%ﬁﬁ C@SIEC de%t%gs drg%crose,
mmyrobsjstﬁﬂtrmoedidloée deaodn,| mamratoy, didalgiarh Lphabmr}ate,cscudrunn nigjoride,
ot i SEERE Ry At rapaly T futne fognulatons
f QI@@WMAehdorﬁilmlcmjcﬁé toscamilioss, omicaderydtaiiiag Yell) corn starch,
obt ai ned fr ﬁuch [ i Bgrl aries, the drug noiety enployed

wePIuM,sigeeh ¢ At BWINBAEddesi rabl e activity in an

appr opuiiRére gietmeni AkbASSashdcly tdie pisdrmélihibrmatics  enabled
Conbinatorial libraries, as well as nethods for

@héﬂﬁ%qerﬁ@c@n&og‘@loé'@ﬁ”%gm%cF?el ifngl i18s perdiag kK R&Vn anplication
tﬁ@g@B@g@@ﬁ*G@'ﬂﬁ%flé@@ﬁha@na ﬁ»erﬂﬂatuc? JSy%ten5 Zﬁ& f@éld &n April 28,

gog@gaggv;ell &S @@ge@@ateg %rgmsmatLApgllclen %@l Nos. 60/807,060
gm §9A§&%¢|cﬁa@zr%a§§@rm§w%7§y§§ﬁﬂ fu%dgirjlr Jug91‘3r 2006; 60/862,925
5II|6Q50EB'EBO”Q§'1 Agthyatien ; Piyramacindrmaticss S&slsml ﬂ@d on October 25,
%883&1#&) %?/SSE%SQHI?I%E OﬁPV‘?I%Bﬁégégﬂlsglpn %e%oggrr epl@d on November

i ncor por a er ence egories’o
a’geam@s afie duatleswes of whbichdae hbergin zmcerpnmtedi byrrefetént:e

cardi Qv ent s. L n-relief o
anal o DLPEh BRo@ R s s otk En BEIRBF o fesipign ' aistinct
étomn thenrecaieerg@hiongnay ba irsplacted rop tdpecalp @pplied iheegtain aspects),
opl astic) ,agents c. As sunmari.ze
IBistpani sneved RGeS a FtHGr O HOrdiseages: S an
@b@amc@n feludg taecephetl © M@hlid@f@%cﬂbacﬁ andC&sgro@iate clinical
carriers and excipients, sych as corn rc
GRodaton. 01 the Pale bl & Bevics ban SAKS ek o R CHYBPAP PHES. By
%&ghweoﬁﬁal déﬂﬁcgi ¢dh bdBEHIIgLRYS toitGRl the WaY PRREBRRG Batient, e.g., a
sodi um chl ori de,
bedside monitor. Other formats include, but are not limited to, PDAs, smart
phones, home computers, etc. The device can read out the information described
in more detail in other sections of the subject patent application, both from
pharmaceutical ingestion reporting and from physiological sensing devices, such
as is produced internally by a pacemaker device or a dedicated implant for
detection of the pill. The purpose of the external apparatus is to get the data out
of the patient and into an external device. One feature of the external apparatus

is its ability to provide pharmacologic and physiologic information in a form that
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and alginic acid are of interest. Disintegrators
comonly used in the fornmulations of the invention

wo pwbode7Er oscar nel | ose, m crocrystalline cel | BEDES2008/085048

corn starch, sodium starch glycolate and al gi ni c aci d.
Further details about aspects of pharma-informatics
enabl ed pharnmaceutical conpositions may be found in

Qﬁﬁ@eﬁ&n@ﬁ%ﬁte@ﬂd@td ﬁéhs%@?élwmmnl s@%ﬁ%std tb|e%ﬂone line, to a
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sﬁfd'@s m@t"{e BNAEH 'Ilférath@défﬁéfhs‘%t%té:ﬁﬁt hfor& 91?51“n' EQ}% %F*Ctef%s $i dnd 11

on the next to the patient, e.g. bedsi d
ﬂmarttfaliure@aﬁ@lﬂtsmem §e¢q41\dmgjﬁl€“debfﬂﬂ regomrﬁendeldu tﬁﬁfa@(ﬂ and, of

RoseiES areTRd Q@&B?@aetelpoc?ﬁ}/ 46.5p9L Saﬁere%g‘l dr-ggﬁnen With the

evi ce can rea mat i on descri
$ubjer! systenas, Hwartsfaiture patients candesmbpitared fritpatient adherence to

HabbE A aNadhRihcL! AEBRAIBCEUR] B8 IHRAESH 3By opysiplogi
repo ysiological sénsi ng devi ce¥ QYR
ans;eass:rqmerdadedamlnaterthabbgvmlz;atlm ptatberm)kémy pﬂ‘gmcraes or a

our podLeat Rl MRt bl 88 arkf siiye enidBiyeg tp obran
@nt agifreddte gbanfoenaticanthat mcxmoms SEOBGII' daia a}m/admmléﬂwon data.

t f th t | t bi
R B, STt Gorbnis HRORGER dRisy e Rsrdiehian inig: Popitais

faetemetdiah caatabesoweam@ absd tHér @ugh sﬂatltlsf agadn éiﬁhélﬁmg about
nedi u such as a tel eghone ine, to a renote |ocatio

derereraiurg, and dedvaindiees dat willdpfosn %ﬁ% t“&? itpig! é@@’rﬁt&yo“ the
BiboeiinAtfcane LSUPRS bererkab by oRyRalnaek cadhaskar adtivit

treatnent | oop of tracking nedication timn

liRdl¥t 0T HsARNGe: WYOR MRerp ésp o tewneﬁetpéepyeagﬁate goes up a bit,
2PAXTIBRAIORJsGIcST ) 1AREH ey BE UinBIBydd 8s I HicfafBH that the

and ecular profiles of individ patients. For
OREEAPI i8 bewgsWﬁor&Bt P%llhﬁ@mgtthfsammﬁ@opa‘t olegpioriegki@g person is

burning at that instant could be determined. In another example, a particular
rhythmic set of pulses or multi-axis acceleration data can indicate that a person is
walking up a set of stairs, and from that one can infer how much energy they are
using. In another aspect, body fat measurement (e.g. from impedance data)
could be combined with an activity index generated from a combination of
measured biomarkers to generate a physiological index useful for management

of a weight loss or cardiovascular health program. This information can be
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mul tiple drugs daily, primarily wth the goal of
reduci ng the heart's workload and i nproving patient

wa@e@biotor7of |ife. Mainstays of therapy incl udePCT/US2008/085048

angi otensi n converting enzyne (ACE) inhibitors,
b- bl ockers and diuretics. For pharmaceutical therapy
to be effective, it is vital that patients adhere to
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StAQ| pa;t;enagnbupsomalﬂhlazarepeaodmonerrg’rwpshew Jmiodre dhe mganipulation

LB D R B D 55t PO E BeBERa apy N s tq e type o cata
cloatbgroen cantdrcass. aedri exanyple, nMﬁec?gn?%abém:ééd f:mm1 00 different
TRt yRaL Bl TR Gof W oShe chinliat SR Bidhg: e same
Infeschication CERE uanaa@ub@prdmeééédwam edpisyed thiogvelop easy to follow
Id?ﬁﬂ r mat i o can beconbi ned wi h ardi ac EPP or mance

BYABILONG RAUENLERBRIENG? Wil AP TBA MG RR| Sq5agP fpgimen and
‘g‘éhéﬂél GaBltR P ARMPIni@odts tdh tRE I SRE 64K laeedsst they ﬁllﬂ)fmatlon and

dm ni stration data. In another aspect, one mfg nd
fSSP f’@)@’aﬁ'?ﬁlréom%@n% ’ES‘QW‘?% M‘{'tﬁr‘)”b?fa?ar?ﬁﬁbﬁ‘@f@&fs of the QVOUP, and

g\?{eﬁr%éﬁigggeéﬁ‘:e;@njéylﬁﬁaﬂhb b&YiRAIRatl BinBRIYrd RFBERHAHE In yet
another aspect, doctors can also be granted access t0 a manipulation of the
composite data to see how their patients are matching up with patients of other
doctors, and obtain useful information on how real patients respond to a given
therapeutic treatment regimen. Additional functionalities can be provided to the
groups given access to the composite data, where such functionalities may
include, but are not limited to: ability to annotate data, chat functionalities,

security privileges, etc.
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el ectrocardi ogram One can devel op a pharmacodynamni c
nodel for the netabolismof the drug, and use the

w0 pdooromers on fromthe receiver to essentially PCT/USI968/085048

free paraneters in that nodel to give nuch nore

accurate estimation of the |levels actually present in

the serumof the subject. This information could be

fed back to dosing regines. In another aspect, one can

conbi ne information froma sensor that neasures
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e.g.,.patl t rQups, alt care racti tIOI’]e I oups,
Gk ot B & RBAE R ent. o maghacrRcBdgholl Sdortputer
lrédadbld B&dateR S PPCRTDIADAYE Bnd tiike, yhkehr toy Pet ich devices
data that group can access. For exan‘pl e, data can be

@6 IBENEH Of reXRMAolodiner @rapiten. nyifla auRirKInc Kforgiagion may be

Sﬁﬁfé%f' 89 &6R utblhereééé'&e ceRdium, ownand %ﬁﬂﬂh@’g rh@@r@@ﬁ@ordmg
medi cation. The data can be processed and énpl oyed

dﬁ%ﬂ@@ﬂeéw ttoatf Bl Iso@cesssipleaypadr eiigvabley apa ilaht date by a
le g
B o P REE Koo (ETRI Pl AT Tttty reters

e crwsorv thas i$ peronanent. dieraadestgvemoty is ol erasedplyitamyeation of
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€ enj oyl ng nef 'ts 'that hers
éi(er netnoser.asl wirtyelt nmemadrier CAIRE@BL | flogpy tdists anadnD&¥IDsare all

e oB S DPRETR rhnB bR Mo B Rleri 7RI I3 o Bramote
& hoepesmanerd iin@mooAtfie 81 pemdhneht miemang efayl be editable and re-

i nformati on on how real patients respond to a given
t"ﬁ@? Beutic treatment regi nen. Additional

f unct Tagalnvehtsh caso beropideyi d@dpm@rt@@c@taumsmgﬁrwens (i.e.,
access to the conposi te data, wher

PRRAMGHRY); {9reRer Wln%gh%@@ovgumegpgs gjﬂq FoMPWar texecutable
aktluctiond @r@ngeéérteonlad onftiddr tab¥abico Additirh ©Rccordingly, the

Mq&@e\ga{ ggmeguteﬂecadable %55&%%%5%5 p'\r/tl)zg?!elémgfng for use
in detecting and processing a signal generated by a composition of the invention,
e.g., as reviewed above.

As such, in certain aspects the systems include one or more of: a data
storage element, a data processing element, a data display element, data
transmission element, a notification mechanism, and a user interface. These
additional elements may be incorporated into the receiver and/or present on an

external device, e.g., a device configured for processing data and making
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In certain aspects, the system further includes an
el emrent for storing data, i.e., a data storage

we@b@ommit773 where this el ement is present on an BXI/E£2088/085048

devi ce, such as a bedside nonitor, PDA, smart phone,
etc. Typically, the data storage el enent is a conputer
readabl e nedium The term "conputer readable nedi unt
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5% BeaE opere e el Potaren HFYioes RENI 4 SEISENAqibSoRliRs and

2forifé elemhert® raifetiors, @ RAVhn tkepplar Fng%ferﬁnén@\élptr@és@ devices
I f ndom Access Menory

all exanples o er mnent nenory
e ﬁsseﬁﬁore@(iﬂ'r&eéﬁ'@@ MahPeet %H@Hﬂ'cﬁ%?ﬁawb foK qomr@umfﬁatlon

RE LHERBERIRER. Y TARYnRh1i0d idspbiema thKeea antbéb b€forhBeThere
invention al so provides conputer executab

(CAB OCUBAMbSRNSOTS, ENanyHepgreEninche))e IfeﬁelvsérTff@v BAPetiFrasceivers
3BONGNTBH (LS ca faleO TRHE esren%gc#ﬁé‘%ﬁemﬁ?te{déSFdnﬁﬂ”?o known

are present on a conputer read
Rogwrutiicajioy, protecolsvinicedainpasiaissthe curgnet eFf communication

g%ﬂg@éﬂl ﬁ'nenﬁ\%' SMGR0t rﬂfnpddjag d@(/‘agé Wenr%oﬁg eog't’ag;sylgfém e.g., as

ng and processi ng a signal genera
cleaprissict abmve ofin thesei aspeatsi ear;h af. tgese asndery nayeTe edrdigered to

e BB o BBRR ol S YALETE (DB L0 BRI Hutng
e:hermnhto aqdzlaﬂutaofdhs fpoely weicnie ret Iérghtapacrtamamd asioaductor. The
notificatian

TR o g d oSt GREEUSS anht Eogeehde charoe going into
ian@ oguR adfathe doddyt and heccscﬁﬁ@iaweénoamé@rsug@faesam a8harfAmplitude
ext ernal device, devi c con red for
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pRosilaled SioNeho8 féer%l‘%ﬁﬁk ¢ |369ﬁ§‘ fIBI&@PBPH Pl gt aPresent
iy entib e Ik Eproas Alde8N FOhiekBmPIeO thdBsle SsEHIoRC EAY idel BRiced and

implanted on various parts of the body that measure position or acceleration.
Without having wires connecting to a central hub, they can communicate that
information through a communication medium.

In the methods of the subject invention in which the in vivo transmitter is a
pharma-informatics enabled composition, an effective amount of a composition of
the invention is administered to a subject in need of the active agent present in
the composition, where “effective amount” means a dosage sufficient to produce
the desired result, e.g. an improvement in a disease condition or the symptoms
associated therewith, the accomplishment of a desired physiological change, etc.
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etc. The above described systens are reviewed in terns
of communi cati on between an identifier on a

w@b@poroeut i cal conposition and a receiver. HORMEW/ES2008/085048

the systens are not so limted. In a broader sense,
the systens are conposed of two or nore different
nodul es that communicate with each other, e.g., using
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known conmuni cati on protoco In certain aspects, .the
FURReN Gy SEbHH cLBPeSian bR o died et b Sufh g Istaion §f the
icBAipBsitoRd cale Bk @ehRieved imearifRavae! ﬁfcldiﬁ’rfgt @tn n@t |mn|tedat§ oral,
descri bed above. In these aspects, each th

PuRGRly LoGialy PRESTIRAY | 1ARRIPREA o l0d AE TR, g@ﬁ%ﬁqﬁ@ah firgeneal
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Ier gemergieent alonaner & coRtARation. Wmeoth@c@harémaceatlcally active

regei i n t
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YLl B S ORCbe P SRR 08 420 s v
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anount o 03|t|on of the |nv ntion is

é{ggr?tfﬂ@t AN TGPRLRTeNtnanEEY 6f t he active agent

presepy tﬂeﬁtment is meant at least an amelioration of the symptoms associated
with the disease condition afflicting the subject, where amelioration is used in a
broad sense to refer to at least a reduction in the magnitude of a parameter, e.g.
symptom, associated with the pathological condition being treated. As such,
treatment also includes situations where the pathological condition, or at least
symptoms associated therewith, are completely inhibited, e.g. prevented from
happening, or stopped, e.g. terminated, such that the subject no longer suffers
from the pathological condition, or at least the symptoms that characterize the
pathological condition. Accordingly, "treating" or "treatment" of a disease includes
preventing the disease from occurring in an animal that may be predisposed to
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the conposition, where "effective anount” neans a
dosage sufficient to produce the desired result, e.g.

wa@pooviprayenment in a di sease condition or the BYIPSWNE085048

associ ated therewith, the acconplishnent of a desired
physi ol ogi cal change, etc. The amount that is
adm ni stered may al so be viewed as a therapeutically
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havi ng signal generation el enents stably associ ated
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i ncludi ng di sease conditlions. e speci ase
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{O81IR[G USING Gfie (OpJBPreaSeRslt U B thhSeRagnPeieRs desyibed
RBOATEMAY , beS ebhplRAP QYN Wit eppréirRee WetiBiohN®ols as desired, to
pat hol ogi cal . condition being treated. As such,
make detérminations of whether a given treatment regimen should be maintained
or modified in some way, e.g., by modification of a medication regimen and/or
implant activity regimen. As such, methods of invention include methods in which
a therapeutic regimen is modified based on signals obtained from the
composition(s).

In certain aspects, also provided are methods of determining the history of
a composition of the invention, where the composition includes an active agent,
an identifier element and a pharmaceutically acceptable carrier. In certain

aspects where the identifier emits a signal in response to an interrogation, the
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treatnment al so includes situations where the
pat hol ogi cal condition, or at |east synptons

was®mooiered therewith, are conpletely inhibitebBCT/E8SIP08/085048

prevent ed from happeni ng, or stopped, e.g. term nated,
such that the subject no I onger suffers fromthe
pat hol ogi cal condition, or at |east the synptons that
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df®@./TThe subj ect met hods nmay be enpl oyed in

conjunction with one or nore additional disease
managenent protocols, e.g., electrostinulation based
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WustraRRPEBPIdaRbSs (e eoibREY iPQYrSatBP deBfi b&Sw hOcopending PCT
Application Serial No. PCT/US2006/ 016370; the disclosure of which is herein
incorporated by reference. Additional applications in which the subject receivers
find use include, but are not limited to: United States provisional Application
Serial Nos: 60/887,780 titled "Receivers For Pharma-Informatics Systems," and
filed on February 1, 2007; 60/956,694 titled "Personal Health Receivers," and
filed on August 18, 2007 and 60/949,223 titled "Ingestible Event Marker," and
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make determ nations of whether a given treatnent
regi men should be naintained or nodified in sone way,

we2@9/0745y3 nodi fi cati on of a nedication regi mTenPE@NUSIINS/085048

i mpl ant activity reginen. As such, nethods of
i nvention include nethods in which a therapeutic
reginmen is nodified based on signals obtained fromthe
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accesSing a dat abase or a al ogous ¢o0
stibjeetd nhaysaleoybe‘ orovides u:nerpemmetqtdmt TUE| pariiduldedeloary means

B3R it S BR h EL o B SoBhe 5%, o
deswritenbbove) ne. gaumenpantlculdlelfcwm iob rthanagand esnich f asc atHethrer the
DAl A e B s B SR Rt Pl b e AL pge auid
D YRYsUS Mo $0dht bs ftabldts Am@bw@gt powaerlanjrmﬁes bethtments,
SEP e i bsios T R  A aea f eyano o
toattlcrdr Modh s anfinistatise af IRNSgdSEE., Ahether oral, buccal, rectal,
parenteral, intraperitoneal, intradermal, transdermal, intracheal, etc. Accordingly,
certain systems may include a suppository applicator, syringe, I.V. bag and
tubing, electrode, eftc.

In certain aspects, the kits may also include an external monitor device,

e.g., as described above, which may provide for communication with a remote
location, e.g., a doctor's office, a central facility etc., which obtains and processes
data obtained about the usage of the composition.

In certain aspects, the kits may include a smart parenteral delivery system
that provides specific identification and detection of parenteral beneficial agents
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patient conpliance; (3) nonitoring patient conpliance
inclinical trials; (4) nonitoring usage of controlled

waeimesnaices; and the |i ke. Each of these diffeP@niUsS2008/085048

illustrative applications is reviewed in greater
detail below in copending PCT Application Serial No.
PCT/ US2006/ 0 16370; the disclosure of which is herein

'o?%n@ﬁélélt %’erﬁy tél@é’nefn@d‘@r% bﬁéﬁ'tﬁﬂoggmotﬁé}pﬂn'e%%ofb? é)(zhmple
whi ch the subject receivers find use include, but are

ﬁWpUgh met HeP Pba syringedntetler @ Oﬁ]%\ﬂeyicéﬁaﬁt a%ﬁlm%eés inggglicine,
%ﬁ&l‘\ ak %?rlb@h%éeﬁﬁgg taﬁgl (%ﬂ'i E%HS' YE 6/ 1Y 750; the dlfclosure

har ma- ormatic ed on Fébruiary
ZJ(DWhIChes)hQIW mgqrpprate@by F@@lie@@ﬁal Heal t h Recei vers,

N

tshibjedi sr:;&tmxls][ esingf th@hco:hparymts cdt thenksit. aflee ||mmrmpom$trmy be
R R T L T

amstmnoncmsr rmagbe @lrlste(dfort @eubs’lmtsuoh as ampdlesrqmlaﬁ&d etc. As such,

ove |.n addi t may i nclude .one. or re ..

R Rt it b8 Peedelf i tné S Ak A PhoapR ez, T D Biging of
cﬂlﬁ@e@eamen@fqaeklt@neomﬂibﬁerdgmeofa(n@uaésc@fatémwnmﬂﬁe paickagmg
nor e pharrmco ogi cal ents provi ded
Qo ioRrakaongr oF. SR gl e b o iisyttighs ik tgret as an
ot steRe AGIROS, Idl mﬁlsé/nt oM Cenitaid c@ﬁﬁﬁ;@érsreﬁﬁaﬁlbestorage

subject kits a sin osage anmount of

Y cBPok Pc%p'\/hég»‘r‘ﬂe“?setﬁf lé‘s)@rﬁtot@ﬁ@SP?PtééP?ﬁCHJ%t’H‘EPC“O”S
PP R6L SreBbhilih Rhe kﬁjo&ﬁgﬁea@ﬁ%%&aﬁm tBNASIFRGBhS FbmBd remote
agent may be present in a kKit. In t ose aspects having
AHICEPP - digstag eNtarmelirare PEVigrth Avaexsnele @éFhl%QéﬁﬂCt issgkH that
chgucPe% Q%F%@Peésﬂm?eré éﬂé] Lr%trP@[E)tr%' B be Heled aRddr MhEwhich
tube, bottle, vial or one or nore
dilags aiepdruS NN £8N rigy dbwnioadea:i As:azvnwtrpaiﬂsaget@rw&mﬁtmaans for

SRR 1 b TR0 RBoBREE HIALRBE SRRkANer of 2
agent b nmeans or del i vering

one oSomer@f apjhamma@mrmgotme sget Kits onay bellpaekagedan suitable

eyl oo AR, 1l " ot Spddf e Rl ks, e
[gantpoaehtarofpthar kiva pgc@ledagwu«teamitaﬁymdnt amndamamrbaake a
rm of .the

t | f nt
R 55 sk B BHPES ind, Furkofiahpph Seted "Bk oBox o
RhaRabas istustutd) maylo@l m&g Mot $el &l airtiglutshi@inelyasgous further

forns uch as tablets psul es, powders,  granules,
SeReRisne S o1 e Sralildes pappetents A Beditons.

i nhal ants and aerosols, and the |ike, and the
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particul ar node of admi nistration of the agent, e.g.,
whet her oral, buccal, rectal, parenteral,

WO paopapers t oneal , i ntradermal, transdermal, i NPCHUN®A$/085048

etc. Accordingly, certain systens may include a
suppository applicator, syringe, |.V. bag and tubing,
el ectrode, etc. In certain aspects, the kits may al so

i ncl ugeg ﬂf‘b@&h@é@ﬂiodﬁﬁ@t‘ th%rm@&tﬂ'oﬁ‘i‘s n6t EmitecPd, ﬁh@ﬁ&ﬂér%‘ﬁ)ects
above, which may provide for communication with a

rd@ﬁ%ﬂt@dla geauchbrinay vary. K ig&aooto ke gnfersioodathak Hier igrminology
I : t

SBEY ekl B o o DR 0 RSRSSRDSER) Sy and s ot

MEB@dwt%bﬁélﬁtl’mg tsineekinessoeng dfrige @@@se@t gmf@ntlon will be limited
I ' ystem that provides specific

%@W@F?&P?@%‘}éﬁ@%&zt ection of parenteral beneficial
agent sor benefi ci al agents taken into the body through
ot her f
syringa! trgﬁqép%é 8f va“:fuegstng Fovi eévblf @ggpﬂaé}gtoé}ﬁﬁ%@ﬁagh intervening
vellie¢ tonthe tsnltt:ntnfalse deis of tHeeIdwenllmmleeteds tige a@nextaﬂearkyrdlctates
ser n 60/ 750 di.sc re of
Fihdsiieer RewiEn e dnpsk and et iaE SFiliielop 20 G dhergrated
Qr SMervrealngdmmewt tHig tsitnes rétge, howntompassedi wighit hiee invention.

bj ect et hads usin onents of the ki
THe! FoearT B Tt DS otoMeS HALETs\nOssIBaY dhdssrAgNty be
RQdEd iArths Lﬂméuteatr@ngeﬁoanoeawb@ enbbrﬂph@é’efdrwmilh QRS inYtion,
be printed on a substrate, such assggeer or plastic

Stibiecia anjcppedifically fxelbged fifdn drasgent Wihare fhg stated

keh ﬂ%lu@e@@ﬁg%@%otmé‘ﬁhb lirrit8, Fdﬁ@es %Q&hdlﬂ@ dithet H€ooth of those
contai ner of the kit or components thereof (i.e.,

anchestaodinaits ate aisrindlugiedindle inyeslions ub- packagi ng) et c.

In other aspects, the instructions are present as an

el ectronic storage data file present on a suitable
conpubsless edgdiabtl eotherviseg ellnedinieg! andysciemifiraeyms used herein

?1%15%%& ?amgtncfeart rpqq}i?tcoﬁ%r% ﬁﬁc?e%%#ﬁd btyrlﬁt a&téjratnar sl%lll in the

structions are rese
@}wtai wthlctg thisréviensan nelbngmsAﬂMergtmmemnett@ds camdo*eateealg.sumular

B Barleb IR cohBof BRI R s IRRP LT pradleb grgesting

|omsﬂne Lmesecmmsn\mnorb,eraplrmdatmedl’luntratm@nne/modﬂt ahbematerials are
i nstruct.ions can be downl oaded. As with the

i”ﬁ&’ﬁ?%&{‘? s, this means for obtaining the

instructions is recorded on a suitable substrate Some

or all onents of the subject kits ma ackage ,
"1 Su aBIBRETEHS e RCRI RO ris (o | PheS A AN nah herein
asdorsdrateaf b? hefsehtEeds ki baeh tiRGivieQaP @0BtasioRf ort batdht twere
are packaged in a kit containnent el enment to nake a
specirically 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.
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single, easily handled unit, where the kit containnent
el emrent, e.g., box or anal ogous structure, nmay or may

wmoeio9b®7an airtight container, e.g., to furthePCT/US2008/085048

preserve the sterility of sone or all of the
conmponents of the kit.It is to be understood that this
invention is not limted to particular aspects

descr !th?%ote%sth%tmd% Ues Néﬂféﬁ(‘n and inf ﬁleaép?fénbé’d BRims, the singular
under st ood that the term nol og1 used herein is for the

é@ff"ﬁos@ ofN'd e (e’ n@%\iﬂet Pl '?ef%@B@CP@Ieéﬁltpe GRtEX Slearly
Rtatb 8 oaERRet Ot Eefuh,wFF @aeglthéﬂ A& %Iénh% r@@%ﬁ d?éftefdht% £xglude

pr esent invention w mted en e
@ngioptionaheaneend. Agrayehothissiateaent is Ipﬁeode@évserve afs @ntecedent

%rfﬂ %%Q (5f2$}che él\net Pﬁ%ltﬁﬂni\,@l é@ t’oohlh a'h?nthg like in

the unit ovver I'mt es2 the CO
ccbeaedtrpndwthttae escitatibre pirglgie) elbeewsenr umomb@gaa\mﬁl limitation.
lower Iimt of that range and any other stated or
intervening value in that stated range, is enconpassed
within the invention. The upper and lower |imts of

th | ' t be incl d,.i

e <ABITILPE PandRet B B b SFEE B8 bl ed A iaclsure
!e@\tl&hﬂtfl e, mdum;l@ﬂ:tasbect@n&eﬁ:ﬁﬁéd fartdailllgytraédl Wem hhﬂidlscrete
in the state ere the stated range incl
&ﬁ@pgperbtétqng?atyfg% Whigh ray k?earr?@gﬁ %?(Qarrﬂtt? E?”épf F@T‘b'B?d with
lied fea@lires BOERY bNBusdiest ddvBidl asgects MiButidephHmgtrdn thd$cope

i nvention. Unl ess defined otherwi se, all technical and
Ok ispirkt jof |”&e PEQSPBT (YERtiHEL AIYNreRiEgE ”teﬁféo%ﬁ% bﬁe%ﬁ"'% ogkin the

RIBTRI leYerB fEditeli o ¢h By GRer é’rfdepﬁvﬂlcﬂ% bbg%éll)b Iooé§blé he
art to which this invention belongs. At hough any

nmet hods and materials simlar or equivalent to those
descri bed herein can also be used in the practice or
testing of the present invention, representative

illustrative nmethods and materials are now descri bed.

All P Hhé t %nﬁ)r@g’;b%ggmmén ‘ﬁ Eec%e'nnd%s}&hre in song1e deta|I by

speci fication are in |ncorporated er e
iwfayeaic Hlustnationi diochlexponbla &t purposas pht:kanty mieuederstandmg, it is

TREGy spatenl G o PEDIEALT sl PR £RIrEfh B P8 deneyngs of tis
luw(ine?remmtlocﬂelrvam dlhﬁtgggﬁagwoan@gﬁiesmmdsbmaiygﬁ :nﬁglaaldsreto without
5 Roh bkt sERHe Siine BPodded FUE0

publication is for its disclosure prior to the filing

date and should not be construed as an adm ssion that
the present invention is not entitled to antedate such

publ i A@&ér@iﬁg@){tﬁé‘ Bre6@difd mvélPTllusiaes theprindiés Bethe invedtion.
dat es of I'i cation provided

It will be appremated 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
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may be different fromthe actual publication dates
whi ch may need to be independently confirmed.It is
woered7a7mat , as used herein and in the appendeRCTUSI00$085048
the singular fornms "a", "an", and "the" include plura
referents unless the context clearly dictates
otherwise. It is further noted that the clains may be
EhabinBlsd BotXdtuddRaPdN ARG leqBVEERR the@ofsmitlohﬁllyﬁ it is
statenment is intended to serve as antecedent basis f
igendgd shat nsusRceqisyajents éﬁﬁv%lk&jﬁ/ cHy em@mk@p\yn--eqtmﬂlgms and
%lehf?eﬁlté a&%léﬂbocm”m%%t &, V\é t En;‘x '?e?enﬁ&ﬁf to%%lgpeé’fthat A?Serform
I'al m el enent s, use o tive imtation
Whe same fami@nemgardieﬁn@fsétrwur@ku The seppenef thetpregam invention,
I hi s di r fith
é@é}g@? % ge@%r'ﬂt@g%gﬁg kl?? I“ﬁﬁtt‘é ?a@ etgteh(gxréel nér&agé%(:tsscrs g?vén and
cd@aq:rmeeirmreianoﬂateart dineescage ard apiyit biepreeentiinyerdiopas atndddied
g@p Q%@ %Smnth the features of any of the other
ver Wi t hout departing fromthe scope or
splrlt 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 possible.
Al t hough the foregoing invention has been described in

sone detail by way of illustration and exanple for
pur poses of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in

light of the teachings of this invention that certain
changes and nodificati ons may be nmade thereto w t hout
departing fromthe spirit or scope of the appended

claims. Accordingly, the preceding nerely illustrates
the principles of the invention. It will be
appreci ated that those skilled in the art will be able

to devi se various arrangenents which, although not
explicitly described or shown herein, enbody the
principles of the invention and are included wthin
its spirit and scope. Furthernore, all exanples and
condi tional |anguage 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 limtation to
such specifically recited exanples and conditions.
Moreover, all statements herein reciting principles,
aspects, and aspects of the invention as well as
speci fic exanpl es thereof, are intended toenconpass
both structural and functional equivalents thereof.
Additionally, it is intended that such equival ents

i ncl ude both currently known equi val ents and
equi val ents developed in the future, i.e., any

el ements devel oped that perform
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the sane function, regardless of structure. The scope
of the present invention, therefore, is not intended

W 200087477311 ted to the exenplary aspects shown BEITUS2008/085048

descri bed herein. Rather, the scope and spirit of
present invention is enbodi ed by the appended
clainms. WHAT IS CLAIMED | S: 1. A system conprising: an
invivo transmtter to transmt an encoded signal; a
transbody functionality nodule to facilitate

:0f the encoded signal; and a receiver to
recei ve the encoded signal. 2. The systen1of claiml1,
wherein the transbody functionality nodule is sel ected
from fihe gA§M$66UﬁmH§$ﬁmg essentially of a beacon
functi
functlg Ib %aﬁ%ﬂﬁ%ﬁ?:ﬁh F@P%ﬁ?ﬁ%??Q%EQledance
f unct aotrahsshqdymbmmltlenaltky mheulsy &1t datitithtec | @imm@ication of the

con functionality nodule conprises at

Q@g@%&ﬁyéﬁgigﬁﬁnt sel ected fromthe group consisting
essentiratdiyerad receivieehe encodddesignatodul e t o provi de
beacon wakeup functionality; a beacon signal nodule to
provi de beacon signal functionality; a wave /
f r equenciheogidra df Tlgimoy, \ﬂﬁer@mcmett'rmouay mﬂo@m@ anodule is

%Iefre uency tone; arrultglé{ %%u?
3ebicdrart e giobeeag T rseniBhipt 2 tRktan fnagostgh aiodule,
médub@cyt ﬁopﬁﬂ"ﬁgﬂf@ﬁ:tl@hallt)emdu@%d@dLdoﬂﬁs%@h Sii@diRe functionality

signal. 4. The systemof claim 3, wherein a frequency

MR U of a beacon and data channel is invariant to
frequency error in an ingestible event marker system

to provide additional assurance of detection of the
encodéd dingngaysters, ofTRi@ing y&t whesin d'ﬂ%ubﬂagon vikeetignality h@odule

H@Hgé‘é:éit Igﬁ&pdd?egeléﬁh@ﬁlt L0aky ?r)Smnﬁ’i@gi idim§Ss8entially of:
ando ue cy

m nodul e to pFOVIde random f ops on a
nar row banabeacomswakauedneduye td pr@Vldwl’@@asgfsweheuﬁfuocmr‘milty;

3, wherel Ny bigedhilgnat i V' HANGE nbuDs gt ddcfonaiity

nodul e conprrses a east on enen
t he group zovesiest irequarsgenvdwé Itg prbvide a continuous wave and a

single frequency tone;

a multiple frequency module to provide multiple frequencies; and

a modulated signal module to provide at least one modulated
encoded signal.

4. The system of claim 3, wherein a frequency ratio of a beacon and data
channel is invariant to frequency error in an ingestible event marker system to

provide additional assurance of detection of the encoded signal.
5. The system of claim 3, wherein the frequency hopping functionality

module comprises a random module to provide random frequency hops on a

narrow band transmitted signal.
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atransmtter nodule to provide a first in vivo
transmtter transmtting at a first frequency and a

wa@ge@ond7rh vivo transmitter transmtting at a BEDUSIH08/085048

frequency nodul e; a duty cycle nodul ation nodule to
provide duty cycle nodul ation functionality; a
retransmt random zation nodule to provide random

retragsnyid alsiemeBdci@ing B, %réﬁ%érdé'mswdék}ﬁdérﬁe functionality
provi de spread spectrumfunctionality. 7. The system

drodulxiceMBrisai et eleastt Aee Rieperly elecieldiiP@t fhen OFbEu Fensisting
'e@§érﬂ{%ﬁ§oﬁ dithering nodule to dither a duty cycle and
frequency spread nodule to spread the transm ssions
amngaﬁ[ﬂnﬁmteﬁé Mot thdirede 8. firgtHe vg@stfmmerdr@smlmng ata

ban{jﬁ%@ n%? %@@p;rg &Bﬁcﬁ ﬁgglglggl\?? ét' %%Fﬁlt%?tphesecond

ﬁnelquemayrrgo@tye;dl fferent devi ces V\,her e| n respective

encod o dﬁfgg %%I%'eﬁ{?%& aé|8ﬁ LY th e?l%%%lr%' \G'ﬁt)P acr}glep?ﬁédulatlon

filte npr|3|ng ansm tti'ng,
ifunctiomality;r ansmi tter, an encoded si gnal facilitating,
via a transboﬁpénf unct ona conmuni cat i

Vhe SpEiRRgftanbaRERloh flodle B2 b A P e i Baisognd

si gnah.spidad speetromtrhedli®to srofidensdredogebrumaangionslitng:
provi di ng characteristics of the encoded signal,
wherein the characteristics optimze power consunption

to fagil Tl'hélts?sltehﬁ of REBMVE! whiredi theasty epte G’ﬁodd?@on module
follown% pendi n maxi mumtime in an inactive nod

WRAYIRS '”Ebﬁﬂf‘@krmdtﬂaﬁ@i AfBR B GulypCYStE arafbfrsqtmqyos@r%d module
hé gbreﬁﬂ(ﬂ@%ﬁérﬁlgabﬁ?hmb iUl e idicidss present . 11.

The nmethod of claim?9 V\gerelnthefamlltatlng, via a
transbody functi onallty nodul e, comuni cati on of the

Si gnal CHBEIS&TH &tcléuﬁﬁét\fvﬁé}%urpfhe tfrér%nlulitérahbgﬁeﬁ\@oﬁlp?ises a
beacon functl onal 1t conmuni cati on of the
endirle dasd gasd filter armdula Wt pragde multie bardpastchiteiop by wifferent

];c#égl‘;c])g% %%Lédﬁ Yeéﬂégﬁ@eeen&%m@n%?st ér%nfiltgfeot Wre%%&%doand pass

filters.

9. A method comprising:

transmitting, via an in vivo transmitter, an encoded signal;

facilitating, via a transbody functionality module, communication of the
signal; and

receiving, via a receiver, the encoded signal.

10. The method of claim 9, further comprising:
providing characteristics of the encoded signal, wherein the
characteristics optimize power consumption to facilitate the receiver in at least
one of the following: spending maximum time in an inactive mode, waking up
quickly, and waking up during a period of high probability that the transmitter is
present.
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facilitating, via a collision avoidance functionality
nmodul e, communi cati on of the encoded signal. 12. The

woredibo7ad cl ai m 11, wherein the facilitating, PUI/EHSZ08/085048

beacon functionality nodul e comuni cati on of the
signal conprises at |east one of: providing beacon
wakeup functionality; providing beacon signa

funct i pnairhé Yme®BaCHAERMY B WREHeINHA SadiRdttfhg, Sid'@ ansbody
frequency tone; providing a first frequency that iIs

dungtiepality modgle, aoraattﬁiogﬁ@m]at tharsigng! P%maf_tiseé aj drash@ne of:
T equency: ragfithipa alddadoh At RBGARPhoBLENE mmiicaldiPof the
eln the facili

met hod of claim11l, wher tating, via a
fahee@rtheigndloppi ng functional ity nodul e, communi cation

of the enc i~gn c ' e LN

frequency ﬁ%gga@r?’ a%‘naar ?%F%@%acfrgﬁé@nh?tgaﬁépg%@(. module,
TomnTurécation lob theodncoted sighal; antherei n the facilitating,

via a col | j_si. voj.dance i Q ' ; .
communi cat Iliag'H&ﬂP t h\é'gen%o&é@%lagne{e\l'?w@hg%?ﬁg@sy%g?“ty eg(%dule,
eomnuinicatioarns thet éncoged gigaala first in vivo transmtter

at a first frequency and transmtting, via a second in
vivo transmtter, at a second frequency; nodul ating a

duty e¢gcl Frhermtemasm' Tctdirﬁg1T,atiﬂgéfd_}%;th@n‘dﬁiﬁlémiﬁ?xdi/i:aga beacon
Cross a fregquency spectru . e nmet hod of cl al

Toncigraite meddlecamiaimisaton el dheisiopal Spatnbises gl leggicone of:

di t hepigvind ®edsdrywaksperuaswbnapiyeadi ng anong

frequencies. 16. The nethod of claim 14, wherein the
t r ans Riovidingybeacopisignsy BRENadluenci es conpri ses

provi gbRstating &b@ﬁﬁ%ﬁ@%a@é%nélb'ﬁeﬁﬁérﬁ@/ Biedi f ferent
devi ces wherein respective encoded signals are

filtePeyidig adspdeauoecyiatispliéereny irerarasdata mignphwhich is at a
@@E&Wfr%&g(&idﬂ@ in a formof a nmachi ne-readabl e

nmedl um enpodyi ng a set of instructions that, when
executmedulaying theegstoded signakes t he nmachine to perform

the method of claim8. 18. An article, conprising: a

st orage nedi um having instructions, that when executed

by a ci@npdhenygethod of claim 11, wherein the facilitating, via a frequency

hopping functionality module, communication of the encoded signal comprises
generating random frequency hops on a narrow band transmitted signal.

14. The method of claim 11, wherein the facilitating, via a collision
avoidance functionality module, communication of the encoded signal comprises
at least one of:

transmitting, via a first in vivo transmitter at a first frequency and
transmitting, via a second in vivo transmitter, at a second frequency;

modulating a duty cycle;

retransmitting randomly; and

spreading across a frequency spectrum.

15. The method of claim 14, wherein the modulating a duty cycle includes
dithering the duty cycle and spreading among frequencies.
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platform result in execution of a nethod of providing
t ransbody communi cati ons enpl oyi ng conmmuni cati on

waeb@anai7s3 in a |iving body, the method conpri sPELUS2008/085048

transmtting, via an in vivo transmtter, an encoded
signal; facilitating, via a transbody functionality
nmodul e, conmmuni cation of the signal; and receiving,

via a16eCI‘?ieV%ethécﬁ‘eofe%%fPrﬂe%S'\M{bﬁ‘ém 3&% tidMandiihg Che diferent
claim 18, further conprising: provid
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Hm ti onal | r¥ ul e tion of the eopcoded L
H f%m result i executlon "of a met od of providing transbody communications
employing communication channels in a living body, the method comprising:
transmitting, via an in vivo transmitter, an encoded signal;
facilitating, via a transbody functionality module, communication of
the signal; and

receiving, via a receiver, the encoded signal.

19. The article of claim 18, further comprising:

providing characteristics of the encoded signal, wherein the characteristics
optimize power consumption to facilitate the receiver in at least one of the
following: spending maximum time in an inactive mode, waking up quickly, and
waking up during a period of high probability that the transmitter is present.

20. The article of claim 18, wherein the facilitating, via a transbody
functionality module, communication of the signal comprises at least one of:
facilitating, via a beacon functionality module, communication of the
encoded signal,
facilitating, via a frequency hopping functionality module,
communication of the encoded signal; and
facilitating, via a collision avoidance functionality module,

communication of the encoded signal.
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