TRANSBODY COMMUNICATION SYSTEMS EMPLOYING COMMUNICATION CHANNELS
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BACKGROUND Communications play an important role in today's world. Transbody
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16 for all purposes.

BACKGROUND
Communications play an important role in today's world. Transbody

communications, for example, are finding increasing use in medical applications.

15 The term “transbody communications” generaliy refers io transmission of a signal
from an in vivo iocation to a receiver location, e.g., a second in vivo iocation, a
receiver location extracorporeally associated with the body, etc.

Communications, however, may be susceptible ¢ errors. In particular,
noisy transmission environments may distort and corrupt communication data.

20 The noisy transmission environments include the body. Additionally,
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

25 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 nead 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

30  communicate information from an in vive locaiion to a receiver positioned in, or in
ciose physical proximity 1o, a body.



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 30communicate information from an in vivo location to a receiver
positioned in, or in close physical proximity to, a body. Summary An embodiment of a system of
the present invention may include an in vivo transmitter to transmit an encoded signal; a transbody
functionality module to facilitate communication of the encoded signal; and a receiver to receive the
encoded signal to at least facilitate accurate tran Y, communications and conserve power
consumption. An embodiment of the system rinclude at least one of a beacon functionality
module, a frequerfty ABBERHGI0NhEfichaNEISRoBLIES AHESEHoINKRO A Sl rBe!fdR B Ay Module.
Related metapsisiaadiappacatiisareralsieprogiceda trandeadyrdingtionanaspsiliofshadirsent
invention, there | ide omprisings anin.vi it r it. cqded signal;
a transbodf%ﬁﬁ%%ﬁé%@ rﬁcﬁjﬁéﬁ%r?ggiht tg ig?ﬁﬁ&é?gﬁéﬁ%ﬁﬁ@éﬁé&éﬁ s%gl]agl‘%ﬁaa%eceiver to
receive thel@R0AEHI3IG R WAHEERNERE e COMBHEHAIRTS 84 \FAREYE RS R BeNBHally wake up
the receivepffemimsieent mote tyadiisiheanengiaondusepiionasioste: tof deteat thefdransnaiited encoded
signal during. g st periodh hereinphien BeESRLES detasis the ansmitisd gncadsgsignal during
the first period, the receiver transitions t0 a second energy consumption mode that is greater than the
first energy eBHEMHRISIP AN R At A MEBRYDAENPRTILEITET ABR #T98Id8E ect the transmitted
encoded signal dkirgrthegfitst peredethefraseivesdsansiiensdpackde the sleagemadeystem According
to another %8[%% SAING RIS %r‘ttréﬁ‘éﬁ{e‘tftg’ﬂ?‘b%‘érh% Brodsgs QQ@AFPQ &%H"s%@é{ﬁ%&a@t RRyting, via an
in vivo transmitter, ah encoded signal; facllitating, via a transbody functionality ' module, communication
of the signdneshvereckEriligieviararnabisriian eidhneberipdigioan s 8ifsEbaity el ehtded signal
by the recebmotisdhegeompises: theriecitalhcnakingdp haksageivediiions aalieapanpdane a first
energy congyrption mode. to.detect e U ?Eﬁ‘gt‘ﬁ%te@ﬁfﬁzﬁ%éﬁgﬂl qu%ﬂ“:%&é'r?ot.Bs{é%%ﬁéhere'” when

t
the receiver detects the transmlttegﬁc_oﬁe% signal during the first period, transitioning the receiver to
a second eHarg)iisHsenfpiRmh HeoabrRILiEhRs PR FIRVERRAGE corrivehIRbitihEife, and
wherein wheantheittegeinesddaesidrel deterf the frsnpenitiedien costadk sigaadithiing thedisshgeriod,

ransitioning e <SSIYGH BASK RIS IPRP NS0 1y ACSHLIGIRVEL AAIEY ASREl of fre present

invention, therer % provi an article, comprising: a storage m aving'instructions, that when
executed by/REEIMPlIEAGIRTERMST R iRCb decefidhofranriatived IeRAdT & hebsdipe
communicagiens<aat, Py Rg-enBTMEiaRiRHebamels dreplivieg:body, the method comprising:
transmitting, via ap In Yive t@%%%}%erraé‘é‘ §ngafled Aanghacilitating. via.a FB(?!&?%‘?QXJ%%‘O”@“W
module, communication of the signal; a argcelw g, via a receiver, the enco e“s[gnaefyv erein
receiving thECBRESHEH tEgRRIEIhES Eeil & R RBF B BRI ASeRP SR RAIR): Vraitilegieh tedeceiver
from a sleepangistaio fardbisirensr gy eansuBPEGDIRatet o iletectibedtiansmitiediangoded signal during
a first periogl, whereip when e r%%‘%"’t;e%%tr%ﬁ%srg&%i&'? %Wéttsrqc;Sﬁ&c?%?gnélgéé?'t YrAgA0E, first period,
transitioning t?we receiver to a seco daenergy consumption mode that is greater than t e\?lrst energy
consumptioHTheUeCTBPIFoRh SRSIPAITABAYRE S 4BIVe BEBY SR R ElepRMIRIAREFINVEEd signal
during the fishaenistbniravsidoringstbe: rereivendatisdodhensterpigredeaiufigl B E SERIETION OF
THE FIGURRS o1n JIGURG L llusiales 2 pormuiation enyitpaments(prly aga Fansaody
communication system having a transbody functionality mod% e.

transitioning the receiver o a second energy consumption mode that is greater than the

first energy consumption mode, and wherein when the receiver does not detect the
transmitted encoded signal during the first period, transitioning the receiver back o the
sleep mode.



5FIGURE 2 illustrates the transbody functionality module of FIGURE 1 in greater detail. FIGURE
3A illustrates a beacon wakeup module providing a sniff period longer than a transmit signal repetition
period. FIGURE 3B illustrates a beacon wakeup module providing a short but 10frequent sniff
period and a long transmit packet are provided. FIGURE 4A illustrates a resonant, narrow band analog
circuit. FIGURE 4B illustrates classic power detection circuit. FIGURE 5 illustrates beacon
functionality having a long period of a continuous wave tone. 15FIGURE 6 illustrates a beacon

functionality wherej i ciat ith.one f enc ssage Is assqciated with
another frequency BB e Lot e g oR A cacon
scheme. 20itlidOREBAIIEFafe $1RBEACHRT R IB IRy REEdtiansd Fifth Wseae W dighdMvhere

frequency isarpuiipneeftime. reshil GldREx@dutither dlustratestadeacoptunatignatiysasggciated with

a beacon S%%%WQ@&%JESQ&%E%%‘?‘JH%‘FHB&%‘%HQ %hannels in a living body, the method
comprising: transmitting, via an in vivo transmitter, an encoded signal; facilitating, via a
transbody funciionality module, communication of the signal; and receiving, via a
receiver, the encoded signal wherein receiving the encoded signal by the receiver further
comprises: periodically waking up the receiver from a sieep mode to a first energy
consumption mode fo detect the transmitted encoded signal during a ﬁrst period,
wherein when the receiver detects the fransmitied encoded signal during the first period,
transitioning the receiver to a second energy consumption mode that is greater than the
first energy consumption mode, and wherein when the receiver does not detect the
transmitted encoded signal during the first period, transitioning the receiver back to the

sleep mode.

2a



FIGURE 10 illustrates a collision avoidance functionality having one 25collision 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 B Zi#iteEé signal in a noisy environment. 30 DETAILED BESERMFIERF3Transbody
communication systems employing communication channels 5 are provided. Various aspects facilitate
accurate communications in noisy environments as well as provide enhanced power conservation
features. More particularly, various aspects may be associated with transbody communication
systems, e.g., an in vivo transmitter and a signal receiver (sometimes referred to herein as a
"receiver") associated with a bogw:Fhdreseimer may g confidered dsto receive and decode a signal
from the in vivo transmitter. Various aspects of the inyention are characterized by employing a specific
communication chanti WEG] AR FoREHIN SR SEE B S LR GTERRY, mocule,
Related methoutsraneratsd qroyaied. v gna éatie boahaly helimn bifyadcaipicability to medical and
non-medical 15 fieldsghigemedical field D cldsnday erampiailjansloly #ameuicatipns systems
associated with various medical and therapeutic devices, e.g., cardiac devices, ingestible devices, etc.
The non-medié&PREIGES Rl ude, for example, body associated devices such as gaming devices
incorporating physiolBigitiB&Ensig! tuiretienalibgaetn RGKEGH REJLIH wetratdégaacaminmanication
environment 1939?9@‘%%@*{%%@& Q@%ﬁgm}gﬂ%ﬂ%"system 102. The transbody communication

system 102 comprises, for example, an in vivo transmitter 104, a transbody functionality module 106,
and a receiver 108. IR SBspEeiaiffedn RRert apeifitR MUk iE POMAES §FHAIT 4, an encoded
signal, viaghe traqsdradyitiqranodnrisatonngadinkeniOdatadheregaeineed 08, as hereinafter described in
detail.

FiIGURE 4A ilustrates a rescnant, narrow band analog circuit.

FIGURE 4B iilustrates classic power detection circuit.

FIGURE 5 illustrates beacon functionality having a long period of a
continuous wave tone.

15 FIGURE 6 illustrates a beacon functicnality wherein a beacon is
associated with one frequency and a message is assccialed with anocther
frequency.

FIGURE 7 iustrates a beacon functionality associated with a twoe-beacon
scheme,

20 FIGURE 8 illustrates a beacen functionality associated with a beacon
signal where frequency is a function of tima.

FIGURE 9 further iliusirates a beacon functionalily associated with a
beacon signal where frequency is a function of fime.
FIGURE 10 illustraies a collision avoidance functionality having one

25  collision avoidance technique.

FIGURES 11A - 11D iitlustrate a collision avoidance functionality having
another collision avoidance approach.
FIGURES 12A and 12B illustrate 2 collision avoidance functionality having
a technigue to detect a low amplitude signal in a noisy environment.
30



1 X) 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 30 signal, e.g., an encoded
signal. In various aspects, the in vivo transmitter 102 may be associated with various devices, e.g.,
cardiac-relaf¥d WEYEEEngestible devices, neural-stimulation related deVfcESSHEUERSns, etc. The in
vivo transmitter 102, for example, may be wholly or partially integrated with such a device, medication,
etc. One example of such a device is a pharma-informatics enabled pharmaceutical composition,
described in PCT Application Serial No. 5 US2006/016370. Another example is an ingestible event
marker (IEM) and a personal receiver, described in U.S. Provisional Patent Application Serial No.
60/949,223. Still another example is a smart parenteral device, described in PCT/US2007/15547. Yet
another example is a smart implantable fjuichirapspes claweg;fescribed in U.S. Provisional Patent
Application Serial No, 60/989,078. 10 Still further examples include implantable physiologic event
recorders, described iFIPEPIFEMNELHY FBIHTE S8 IYII% WHYTBHFARE $FEEYT5; various
systems and methees.diescribedrioue GE@gamicaiitinaisy/ 02006414 eahen Stilt dtiotiee e xaoiggles include

PCT applic&“%gg i%'é‘ﬁé-&é%éu“@%@(&’é%%ﬁ%ﬁ&%‘& &&Q?&&%&%ﬁﬂé&ﬁ%%&@

PCT/US2008/56299 and PCT/US08/7/753; 15 and well as United States Provisional Application Nos.
61/034,085 anBe6194 65346 R4t RIIHE fOARYGBMEIEREER MEDIISREY P NS BHAIRIBY reference.
The signal transitited kyptherdevies geineralipinelddesany signadr dedendiieptfiefenearesentative

thereof. etc. Sighrli Kewdg anaadessignaly 6l 2BRNCONRALOLON AR decodarglgestination.

Examples of signals inc ier of a pharmacelifical, a parenteral delivery device, an
ingestible!8ver® ifsREe, 6. deapra. 2 VOTPAAST VIR HEHYRAIRISTIEISS THE GER ABRAAPIY transmitted

from th the invention are characterized by employing a specific communication channel
having transbody functionality, e.g., via a transbody functionality module.
Related methods are also provided.
The invention may have broad applicability to medical and non-medical
15 fields. The medical fields include, for example, transbody communications
systems associated with various medical and therapeutic devices, e.g., cardiac
devices, ingestible devices, etc. The non-medical fields include, for example,
body associated devices such as gaming devices incorporating physiologic
sensing functionality, etc.
20 FIGURE 1 illustrates a communication environment 100, including a
transhbody communication sysiem 102, The transbody communication system
102 comprises, for example, an in vivo transmitter 104, a transbody functionality
module 106, and a receiver 108. In various aspecis, the in vivo fransmitier 104
transmits a signal, e.g., an encoded signal, via the transbody communication
25  module 104 10 the receiver 108, as hereinafter described in detail.

1.0 i Vive Trangmitter

implementations of the in vivo transmilier may vary widely. Generally, an
in vivo transmitier 102 includes any in vivo device capable of fransmitting a

30 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, ingestibie devices, neural-
stimutation related devices, medications, efc. The in vivo transmitter 102, for



n vivo transmitter 04 via the transbody functionality module 106 to the receiver 108.The transbedy
functionality module 106 generally uses protocol(s), communication channels, etc., capable of
facilitating accurate receipt of signals, data, etc. and 7 or facilitating low power consumption. Such
transbody fihetrItERt) Aodules 106 30include beacon functionality; freqBEAGSHEBHRTGRunctionality,
and collision avoidance functionality. Each of the foregoing is discussed in detail hereinafter. In various
aspects, the transbody functionality module 106, and! or one or combination el its submoduies
(described hereinaftqQ, ma be im&\ementerga S .S ftw%%, v%i%‘.’s%i it%I gie%nal pro%ecsa%gg software;

exXdm ay oe Qr integr ce. medi .
hardware, e.g., a CIIpCUit; 0] com%’matYonsQﬁeregf. ¢ ommunication mecfla for ?ransm|SS|on may

vary. In one aspiéct, the body of a patient may be employed as a conduction medium for the signal, As
such, One example of such a device is a pharma-informatics enabled

pharmaceutical composition, described in PCT Appiication Serial No.

5 US2006/016370. Another example is an ingestible event marker (IEM) and a

personal receiver, described in U.S. Provisionai Patent Application Serial No.

60/949,223. Still another example is a smart parenteral device, described in

PCT/US2007/15547. Yet another example is a smart implantable fluid transport

device, described in U.S. Provisional Patent Application Serial No. 60/989,078.

10 Still further examples include impiantable physiologic event recorders, described

in U.S. Patent Nos. 5,919,210, 5,989,352, 6,699,200, and 6,895,275; various

systems and methods described in PCT application WO0O2006/116718.  Siill

further exampies include PCT application serial Nos. PCT/ US2007/022257,

PCT/US07/24225; PCT/US08/56286; PCT/US2008/56299 and PCT/US08/77753;

15 and well as United States Provisional Application Nos. 61/034,085 and

61/105,346. Each of the foregoing is herein incorporaied in its entirety by
reference.

The signal transmitted by the device generally includes any signal, data,

identifier, representative thereof, etc. Signals include encoded signais, e.q.,

20 encode at origin and decoded at destination. Examples of signals inciude an

identifier of a pharmaceutical, a parentaral delivery device, an ingestibie event

markar, etc., supra.

2.0 Transhody Functionaliy Module

25 The signal may be transmifted from the in vive fransmilisr 104 via the
ransbedy functionality module 108 1o the receiver 108, The transbody
functionality maodule 1068 generally uses protocol{s), communication channels,
eto., capable of faciiitaling acouraie receipt of signals, data, elc. and /7 or
facilitating low powsr consumption,  Such transbody functionality modules 108

30 include beacon functionglity, frequency hopping functionality, and collision
gvoidance functionalily. Each of the foregoing is discussed in detgli hereinafiar,

in various aspects, the transbody functionality moduis 106, and / or one oy
g compination of its submedules {described hereinafier), may be implemented a3



5 the signal is conducted between the in vivo transmitter and the receiver via body fluids, etc. In
another aspect, the signal is transmitted via radio frequency (RFI) transmission, One skilled in the art
will recognize that other communication media are also possible. FIGURE 2 illustrates the transbody
functionality¥Rotf@ 136 of FIGURE 1 10 in greater detail. In various aspe&t8Stig#%dbody
functionality modules includes a beacon functionality module 200, a frequency hopping functionality
module 202, and a collision avoidance functionality module 204. 2.1 BEACON FUNCTIONALITY
MODULE 15Various.aspects,may employ the beacon functionality modyle 2Q0.In varigus aspects, the
beacon functioﬁoaf%%%rgﬁoé)' 2 %%%gy@g%éioy "bgr“i’é 8rdn%1%x%’c%f tﬁ%ﬂ%%\%ﬂ%:ﬁé e“éig:%ur‘? "W%fkeup module
200A, a beacofr§ighalmBdaR 0B, a wave/frequency module 200C, a multiple frequency module
200D, and a modulateghsiginatmode Rtk 2oThe:heaces fuactionality medule?8dngay be

associated with_beac%)n communications €,9..a be C(%n com .unigation chanpel a beacon protocol,
of & pail nh *"na} Ge e{ﬁ&)mgéa A% & CONGUTUON Maeciin or (he Signal — As %um.
etc. For the purpose of the present disclosure, beacons are typically sighals sent either as part of a
message dr toihBginentia prESEEgE (SHrRetintes refbirdthic iRz Mseasov®igiale®)yThe beacons
may have wellsdefined-chasaciaristics s suehsas requencys Baacensmanhe.deteqied readily in
noisy environments and may_.be used for a gl?gg‘er ta,a sniff circuit, such as those described above.
ufe

In one aspect, TREDEEEEH U cptﬁi}oﬁeflii’ o ﬁbd"”ﬁf&?@éﬁ'ﬁ‘ﬁsﬁ%&%‘8&&’85“?05(%‘&&8%odu|e 200A,
having wakeupfesietisnality. wask@ap functionality generally comprises the functionality to operate in

high.power‘modes 3@!@[_lhéjﬁrim%t$@l%§iﬁ€etmﬁ§b§dg-f@ﬁﬂ&ﬁﬁf@ﬂ_@d‘%sﬂﬂcgfwmeﬁ; e.g., to
receive a signal, etc. An important consideration on a receiver portion of a s%ztem is that it be of low

power. THIS fe M FEHRBEL AV AHGEH BPRF SN TR HTARTRA L LG A b rOO AR FGBeSmall size and
to preserve a langehnectifminigpetittricaldsimp 0franiradstitery hPbgrge dowmiavakiupmosodule 200A
202, and a coliision avoidance functionality module 204.

2.1 BEACON FUNCTICNALITY MODULE

15 Various aspects may employ the beacon functionality module 200. In
various aspects, the beacon tunctionality module 200 may employ one or more of
the following: a beacon wakeup module 200A, a beacon signal module 200B, a
wave/frequency module 200C, a multiple frequency moduie 200D, and a
moduiated signai module 200E.
20 The beacon functionality module 200 may be associated with beacon
communications, e.g., a beacon communication channel, a beacon protocol, etc.
For the purpose of the present disclosure, beacons are iypicaliy signals sent
gither as part of a message or to augment a message {sometimes referred 1o
herein as “beacon signals”). The beacons may have well-defined characteristics,
25  such as frequency. Beacons may be defected readily in noisy environments and
may be used for a trigger 1o a sniff circuii, such as those described above.
in one aspect, the beacon functionality moduie 200 may comprise the
beacon wakeup module 200A, having wakeup functionaiity. Wakeup
functionality generally comprises the functionality to operate in high power modes
30 only during specific times, e.g., short periods for specific purposes, e.g., o
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 advantageocus 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



may enable these advantages by having the receiver operate in a high power mode for very limited
periods of time. Short duty cycles of this kind can provide optimal system size and energy draw
features. In practice, the receiver may "wake up" periodically, and at low energy 5 consumption, to
performa ™ RAIEYHS via, for example, a sniff circuit. For the purposep&yﬁ%%?ggﬁﬁFﬁpplication, the
term "sniff function” generally refers to a short, low-power function to determine if a transmitter is
present. If a transmitter signal is detected by the sniff function, the device may transition to a higher

power commupeatign decade. e/ AU ANSTRL SIAALIS0GI BiEseRte 1 pgiyer may retur.

e.g., immediately'return, to sleep mode. In this manner, energy is conserved during relatively long
periods when &'#&hnieRsy dgiied iR eiskne- whe hiki sowier C4aBiliEscRhERYSRailable for
efficient decodepineg & eperatioassliisng dhelirplatieelydew periods when a transmit signal is present.
Several modes, and gombination th f e ilahle for. in th iff circuit. By
matching the needs g\‘ g? é%ﬂrﬁ%:u%% s(i/ersﬁég\rfn?m;%gﬁax%c% ui géﬁﬁ%ﬁ\éﬁgﬂ&% (lj%{iﬁr%lﬁzegéiystem may
be achieved. CONSHIBDIOR. 3R\ RRFSHEIBSIHE BESEBR Wak&RIpe fo 200/ GirfetkirardRAf period 300 is

longer than a tsanRsssét sigReldieretiiaprnesiamh 30 ithe tenes funetion igdendides@nstite x axis. As
shown, the transmit signal repeats. 20, periodically.. with a sniff function alsa,running. In practice,
cftoctvety. the L BT D BT A ARSI 00
various aspectdigtigbre gripdirdale By ena ldiniigioriod Setite maxvEansiiensiffiipBiah@s. In this way,

the sniff functigRuwe:deolHRIAMENNIE hasR S b Gl cuit sisrEHarde ath tahaverableashongedransmission
to occur each time. the sniff circuit is 25active 3B illustrates tq eacon wakeup module

. FIGUR e
200A whetein TEREF BURHEe & Hirr BLPisa40s ée(r?%ér%’l hd TS Backel 508'aPE Brovided. The
sniff circuit willeaetignie eansemeddinndueiatvele tag Saiictmenen tisansiniier sineasiiffeircuit may

detect the tranﬁf@ﬁe%itgw_il@ M%E@Qﬁ@iﬁ@&%ﬁ@%ﬁ%@%ﬂ@ﬁi@‘rent déébasdiiégal beacon
wakeup aspect is to provide the "snlfflnggsggnctlon, ina gontlnuous mode. IP contrast to the approaches

provided abov@f)ﬁﬁ?é'%{?pg‘&i?ﬁ e i 9\%83%8 ot J@G8RUhaRRE irsrﬁg?%%?btroit the fact that the
total energy consumptweré thederodunct ofravimaipe povvericomsuntpteailabie tioneperating

15 the sniff circuil. By matching the needs of a particular system to the sniff circuit
configuration, an optimized system may be achieved.

FIGURE 3A illustrates the beacon wakeup module 200A wherein a sniff
period 300 is longer than a transmit signal repetition period 302. The time
function is provided on the x axis. As shown, the transmit signal repeats

20 periodically, with a sniff function also running. In practice, effectively, the sniff
period 300 is typicaliy longer than the transmit signal repetition period 302. In
various aspects, there may be a relatively a long period of {ime between the sniff
periods. In this way, the sniff function, e.g., implemented as a sniff circuit, is
guaranteed to have ai least one transmission to occur each time the sniff circuit is

25  active.

FIGURE 38 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 poini during the transmit time. In this manner,
the sniff circuit may detect the transmit signal and swiich into a high power

30  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 consumgption and time. In



this aspect, the system may minimize the total energy consumption by having very short periods of
activity, in which case the periods of activity are averaged down to a small number. Alternately, a low
continuous sniff activity is provided. In this case, the configuration provides a sufficiently low power so
that the 5 tr&Rsti&4irA Peceiver runs continuously with a total energy coRSAHPHER BE%E appropriate
level for the parameters of a specific system. The system may be passive. Two examples of circuit
implementations are provided. FIGURE 4A illustrates a resonant, narrow band analog circuit 400, 10

including |nput t 4 r 4, tQrs 406. In various aspects, the.resonant,
narrow band anﬁ %Q %:L%ZFO% %tr%ha% ar% ﬁh%%%é(%?] l ez}frqg_/cc ?82%}? ?ng rCnb aem owded that is
tuned to the fré@&éﬁﬁ?rbpﬁﬁ'@%a?fsﬁﬁtéw él@Mﬁl‘Wﬁ‘é%F@éﬁi%@ftﬁé‘CN@ @F@Lﬁtfﬁﬁé@e@e measured,

and run into a eempaf@t@mwia@mﬁae vaknagﬁa«maw@nwﬁm@a@%&s@ eefitan i!ﬂlfﬁlﬂ!ﬁ/@e’iﬁ gate may be
triggered. The ui oe then in o a hi ower mode RE 4B show sic power
detect circuit 4 ?hll%é %)WZr de ect Lfrrgttfl 4 O?’ﬁa be 6 IR%%Stan%v"v"n PRYRE 3?:@3&3% those used
in an AM radioltangris |y FROsityRAIHSt ﬂﬁ)@iﬁat@%siédétbt dftetab@iregiyredn iy opecasplear, the power

detect circuit 4Q§pi@mieqeng$%}qﬁg(§g¢gﬁ,ei{@(s g;t@@bé@iﬁwgys\{ghﬁn a 20 signal of the LC resonant
frequency is present,ﬁbe LC tank CII‘ uit ' rlngls uerBecaus the, circujt has a %ﬂa&% its voltage

increases dramatically. “Hats ol{%% S FsETed by &%XS%BSSWh%W‘ﬂHéW S&E a threshold

set by Vref, a coayisiator is triggered. The comparator informs the microprocessor that a signal/circuit

is present and dlrectmmuamhﬁdamﬂéao\ﬁewm%t25\%%0, obihe anoNssdeReripesheircuits may be

very low powereaH ép com{()?rlse only passive com onents, with the exception of the comparator.
The comparatd? ﬂ'ﬂ%Ié HE BPGERAIOH owg?cﬁéc'ﬁo ir@NEnfa) Berstd WntifudBEPEach circuit
may inform thezamiettsprdoe seHONdTEN adnansmiter isrmegent;oeiy. 4alsigrml isdvansmitigd, to go into

the high powermadg,Eor ﬁﬁqtcoﬁe%%%gy%ﬂa@.&ﬁé&fwa@rgr&%@% MRy Brppldefined

frequency for the transmitter. e of beacon signal associated with the present transbody
communicatior EhiaTided é@ﬁ%ucﬁ}? \)(i%ﬂ?@esﬁ"?éq’é%r@ad&]W%’ﬁ@arﬁ g%(gﬁegsured and

run into a comparator. When the voltage measurement exceeds a ceriain value,

15  a gate may be triggered. The circuitry goes then into a high power mode.

FIGURE 4B shows & classic power detect circuit 408. The power detect
circuit 408 may be of those known in the art, such as those used in an AM radio
fo give a iight signal that indicates receipt of a radio signal. in one aspect, the
power detect circuit 408 is an LC resonant circuit, i.e., a tank circuit. When a

20 signal of the LC resonant frequency is present, the L.C tank circuit ‘rings up'.
Because the circuit has a high Q, its voltage increases dramatically. That voltage
is rectified by the diode. When that voltage exceeds a threshold set by Vref, a
comparator is triggered. The comparator informs the microprocessor that a
signal/circuit is present and directs it to enter the high power mode.

25 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
prasent, .g., a signal is transmitted, 1o go into the high power mode. For each of

30 ihese circuits, a useful prerequisite may be a well defined frequency for the
fransmitter.

A type of beacon signal associated with the present transbody
communication channei is a continuocus wave, single frequency ione. In such a



case, the continuous single frequency tone triggers either of the circuits in FIGURES 4A or 4B, when
they are tuned to the correct frequency. The beacon signal module 200B may provide for beacon
signals to be detected digitally, as shown in FIGURES 3A or 3B. This may be accomplished by 5
sampling th&BS4eYh¢ighals with an A->D converter. The beacon signal$aréisifoasH§ital
processing system. Beacon signals are detected by a single frequency tone which has a very strong
characteristic. Examples of such systems are provided in FIGURE 5. FIGURE 5 illustrates beacon

functionality h%\ggg ! IoncggR?rlod of a % gontlnuous Wav%.tone e.%ﬁ via gh%é/vave/freq,uency module

h . )
200C. In one aspect, tﬁe ea{%%uglgsﬁggﬁ Consivts & ai onneg 'gﬁg§o %rcgntlnuoclﬁrg\}/'\}ﬁvg tone. This

continuous waEBRE B4 5 tHEa WisaURRY A8CHISE, v ier eioRgs fteguaRsimation, and unmodulated
portion. In this frequeny sapainsidiriieridvricaly® patioskafinelbdefinedregrancy, hhe modulation

tends to smear the freqguency spectrum.. 1 j rfion of the wave tone serves.as the beacon. It has
a single tone ir{lJt %&%C%g?ﬁ%%%o%rﬁé%w%}?ﬁ%ggﬁsﬁ§ #£8rgééairl" Siﬂ]%gjgﬁ&gﬂ@apg d oy Either of the
methods showgaprelingubly teaseetignaliedingle frefuenvietione] Thizcireeueigopitorre alérts the

processing cirGrifyyifial froeessRgeiseAMBkBihaihiimavesiBidesrseimpdespdha) the message
can be 20understoo§g§E§£IGUREQS,yt%his 5 shown%hone packet. qjéquilggE 6 iﬁ%tre?t%s beacon

functionality whEIgil @5@0%‘@%%88%@@%%%%‘8'frequency, e.g., a beacon channel, and a
message is associatéo avithesmithieshfrygiame o e movideddsFGaBEaiinel. This configuration may be

advantageous, for exaapiee V4 1eN.te 8¥S e dsdeaing Nyt Mdtple tapsyitansignals, The solid line

represents the beacon from Transmit Signal 1. The dashed line represents the beacon from Transmit

Signal 2. I vafiBIY HARHALE SN 8ith&iorR RV EAS AR HNECSY28%0N AR B9RSRp with that of

Transmit Signdh4 resictepsited! MessageSiginal lparickMéssageBigmalvearcberat diffésent

frequencies  continuous wave tone has both a modulated portion, which hoids the information,

and unmodulated portion. In this frequency domain, there is typically a period of

well defined frequency. The modulation tends ic smear the frequency spectrum.

15 This poriion of the wave tone serves as the beacon. It has a single tone in the
frequency domain, and is easily recognizabte in the spectrogram.

Either of the methods shown previously can detect the single frequency
tone. This frequency fone aleris the processing circuitry that a message is
coming. !t then it moves inic decode mode so that the message can be

20  understood. in FIGURE 5, this is shown as one packet.

FIGURE 6 illustrates beacon functionality wherein a beacon is associated
with one freguency, e.g., a beacon channel, and a message is associated with
another frequency, e.g., a message channel. This configuration may be
advantageous, for example, when the system is dealing with multiple transmit

25 signals. The solid line represenis the beacon from Transmit Signal 1. The
dashed line represents the Dbeacon from Transmit Signal 2. In various
transmission situations, the Transmit Signal 2's beacon might overiap with that of
Transmit Signal 1, as depicted.

Message Signal 1 and Message Signal 2 can be at different frequencies

30 from their respeciive 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 fransmitted at the same time. By contrast, if an
approach were taken in the example shown in FIGURE 5, the beacon from the



30 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 se¥ShFHAREHAt signal would most likely obscure the message?W%ﬁ@?fpﬁ‘){?gnsmit signal.
In this case, the beacon channel is a well defined frequency band. A message is provided in the
channel where the data are actually transmitted. 5 Interference between different messages in the

message channg) com s andednauah sollvigk.Avaiiance fessaedibeii, WhiR FIGURE 6 is

shown with two transmitters, i e apparent to one of ordinary skill in the art to modify the system
s0 as to scale [f&SSMARER6re transmitters. The requirements of a particular system may, to some
extent, dictate the parigutacasehitestbsaairhaizhfsysemwell deBEREchilbuslyatesdeacon
functionality assogiated with a twQq-be y n is case, there is
a well-defined rrﬁngagtﬁ%e eétg:,cgﬁo?é%?oﬁ’s%%gb%eﬁtﬁ%ﬁ%@ )%ea%ge%%?/go%rt%e%%gggﬁ%ﬁséﬂ%pénd the

frequency df tHEIBHEERERFeDehaPRTEATITRIREITESRTEPS ) dORITRISESFRAE IR AED BF 1874 I8fnal with a
very simple maghgiagioroilishil beddsinpledemtisetondeiact thairameaURE Basashohthedieacon signal.

In one case, for example. the heacon is _at frequen 2,ang}athe 1essage is at fr e f, as shown
in FIGURE 7. ItrylV ﬁ%aga@gfetrﬁéﬁvgfﬁg%ﬁ P Ea?leggeltj%g%r%ﬁﬁg% rng@%%Q%c%ﬁ %hrgﬁé@f.&%sya result, if the

message is to B EEme @it st fib deiIsRe)YisTkATEWIRBAIR S 20 TS BQWERT AIEY Bedised, inter

alia, to addresgraaluaNSYsIRSRAINTY. UM ARRIPAC-MRYIREOYISR-aIAYQlichRiR SYstemMHar message
channel m dulati?ns which do not have well defined carrier frequencies. One example of such

messagelc anhel thodulations is spread spectrum modulations. An attempt to determine the
frequency of a spreafl§btfrdhillustrates beacon functionality associated with a two-beacon

scheme, e.g., Beacon 1 and Beacon 2. In this case, there is a well-defined
mathematicai relationship between the frequency of the beacon channel and the
frequency of the message channel. [f the beacon is a continuous wave signal, or

15 a signal with a very simple modulation, it will be a simple matter to detect the
carrier frequency of the beacon signal. In one case, for example, the beacon is
at frequency 2f, and the message is at frequency f, as shown in FIGURE 7. In
this case, the value of f can be determined from the beacon channel. As a result,
if the message is to be demodulated, the frequency is known exactly.

20 This aspect may be used, inter alia, 1o address freguency uncertainty.
This approach may provide a workable system for message channel modulations
which do not have well defined carrier frequencies,

One example of such message channel modulations is spread spectrum
modulafions. An attempt to determine the frequency of a spread spectrum

25 modulation in and by itself, can be difficult because there is not a well defined
peak in the frequency spectrum. However, having the beacon channsl
accompanying the message channel with a well-defined mathematical
relationship allows the message channei frequency io be determined precisely
from the beacon chanmnel. The message channel can then be demodulated

30 Dbased on that information.

The above description is of a beacon as a continuous single frequency
tone. However, in another aspect, the beacon couid have a simpie modulation
on it. An example of such an aspect is using on-off keying {OCK;}, or simple
frequency modulation. In various aspects, of parficular utility is 2 frequency key

10



25 modulation in and by itself, can be difficult 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 frofPtRYPEREGN channel. The message channel can then be dBRIGHRAMREESHBased 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 (O simple frequency modulation. In various aspects, of particular utility is a
frequency key %ﬁﬁﬁ%%&%"?&ﬁ%r?gabggc%%ﬂlsg}gcﬁg ?ceté(;g) e{(?fvgy iv%@(g?fé%gn %ﬁ%\;?peogegﬂgs of the
master silicon BSIRit6VCPRiSSFIERIProviie BEth Mg RCEpa e finetirel sitnahedraddency ratio of

the two tones arxe invauiaRitesine draueney Wrlisohtbersdisomn esalatosg@dhe itk Mrsilgon oscillator.

The frequency ratio metric may 5 provide,a high probability that the signal detected is sourced by the

preterred sourCHGREEIE G 1 R e e e s 6 BRI ARV Bilature that 5

uniquely identifis®liggrenhigtheraneaiiershat Ihenrignainirisciag &y seurcedey ribe rgkiegrtusing the

beacon with othgritamaaeks frer. theemwivonmar!. Lhekeay ghasagierisischthe diegikaney is that it

stands out as 10 distinctive, and stiIth, 58 é:lﬁ{%lédeﬁned mathematical relationship in terms of carrier
t

frequency. PICURE B R HAREHe f{)‘?ﬁlﬂg/hﬁ%é@%fg?!ee&%itjﬁéE‘eﬂ‘ rqegi’g &l where

e
frequency is a fiyastiondoftinTet Oisé profiesimghdtcapeacenr with ttesnidterseis thatithéhearrier

frequency is seliayhallRENARClBjOEant ALY & HRLHYSIRbAsEIa R Thisiniiedyqesa large

uncertainty in characteristic frequency. Determination of that fr.e(tjencly may be a key challenge, both
in terms ofdecdaiRg R FRekal'aid @ tRlgHHR e RSN GRhEaToNsAR [rdeitiSoRvided in

FIGURES 4A a:ad@équammidaa/an example of this approach._lf these circuits have hig_h power (0), _the
frequency uncertainteman 2% saisa e ercanatihamiside Qi Re TERRANSERUACLGR-pPT the sniff

circuits. Thus, as illustrated in FIGURES 8 and 9 another type of beacon may be employed. Frequency
700 is ramped WIBEs R PARY &S pRoTHIFPA ledBiRye. Pio RBRRN IR MBEr LEFYpIYded. The
signal is rampeckframt@rsfisigratcharcfiole: Facuaayoswsbabg diktroamstinest tarfd @y 2, e.g., via the

Itiple 2 2 ; j ; Th tput
oF e ekt LR R e, Cr Bl b 2 e bent b ke TR through 11

of the filter at ows no power, shows a blip in p

at time ti, and tHEIFSHERHOR IR SHHRAFY, THY oRfpét 6F¥hERHEPSR FPNABUIY SIEW i power, show
a blip in powerdas sty eacpackaquensydstrampedsaronghedaeatfime t2, and then shows no

The circuits provided in FIGURES 4A and 4B provide an example of this

approach. If these circuits have high power (Q), the frequency unceriainty may
20 cause the beacon 1o fall cutside of the response funciion of the sniff circuits.

Thus, as illustrated in FIGURES 8 and 9 another type of beacon may be

employed. Frequency 700 s ramped over some range, providing a message.

Two narrow band filiers are provided. The signal is ramped from an frgr t0 an

fiow. TWO narrow band fillers are tuned to f1 and {2, e.g., via the muitiple
25  frequency module 200D. Frequencies 1 and {2 fall between frgn 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 freguency is ramped through 2 at time {2, and then shows no

30 power.

By building a timed-window comparator, an analog sniff circuit is employed
which triggers on the time difference between ti and t2. This can be
implemented digitally or in an analog approach. In this case, when the circuit is

11



30 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 set on time t1, if time t2 falls within some defined window tO,
it indicates W& H%i§fl¥s present.  The ramp is a very distinctive sigh&tUt&2 ety f1 firing will
be detected, and (by example) 10ms later, f2 firing is detected. If those two events 5 happen within the
defined time interval tO, plus or minus t", it indicates that a signal is present. The wakeup circuit is then

triggered. The resulting desi Qv a very low power analog circuit. An important application of
the rouit s to S EIINE Tie ke in s S TR, R R AR K DRI et to
assure that its $@itBREeRRNbe 10 distinctive, e.g., via the modulated signal module 200E. One

approach to this metheg isdiehave thehegsprepliersgiahriveerciuarftgaueneies Wihes this
alternation is detected with the well-defined frequengy.difference and well-defined time period, the
confidence Ievg?%ﬁﬁe%ba\?grgp iaﬁafﬂgf% &%%i%ﬂa%@ﬁ a%@&%@&grat'ﬁé‘?‘% %},Wgoﬁﬁ’g §.?‘1ckground
signal. A simildraresuit wihirbthactiéved iswithienad ke oinnaifhsquehdpdisethsidtioh &eying

approach. &@Ma‘#t%ng%rébﬁt‘.owﬂ@i%%@&@rﬂﬁb@tcént%a@@&%@ x P@@é@@ﬂﬁgﬁ!ﬁ’@sib@ distincti_ve
character. In various aspects, data ma)ér%il |mé)|r|nted on. the beacon, to avoid |thbe|‘n confused with
0]

any other signgl'f% Ar ﬂ%%@ﬁ'e@?g‘,’% Gf Gl tﬁad Ogﬂw 8@%@@&%“ © &2 are multiple
beacon approdotisteaviimliie ftequasicyinsesforendeFIGHRE dea related to FIGURE 6, if there are two

beacons transmittingrgbthe sauRe dime vkansiiliged Gouldhave heaceng;gh mulinia freguencies, e.g.,

via multiple fre@ue_ncy module 2000, to avoid effects from interference. In a related agE,roach, the

aspect is SmpRHHRR BehckfsiAt APSHHEH SRRH TEEHCa 0B/ 2500R1BRRETHRAREBR the beacons.
In various aspectshadfieqodaey rdtolekadoe atem atrdhdataahanodlés uavarant WHeaqgiency error in

the ingestible eyt MAtKELSIIRMRPHY NS A oNALESSHE FR-A HBta Rl R g coded signal.
fime pericd, the confidence level can be very high that a beacon had been
detected, rather than some background signal. A similar result can be achieved

15 with on-off keying, in a frequency modulation keying approach.

Any standard modulation technigue can be applied to a beacon to give it a
distinctive character. In various aspects, data may be imprinted on the beacon,
{0 avoid it being confused with any other signal. In various aspects, the sniff
circuit triggers only on the beacon.

20 There are multiple beacon approaches available to avoid interference. in
the idea related to FIGURE 6, if there are two beacons iransmitting at the same
time, transmitter 1 could have beacons at multiple frequencies, e.g., via multiple
frequency module 200D, to avoid effects from interference. In a relaied
aporoach, the aspect is simply to have beacons at different frequencies to avoid

25  contention between the beacons.

In various aspects, a frequency ratio of a beacon and data channel is
invariant to freguency error in the ingesiible event marker system to provide
additional assurance of detection of the encoded signal.

30
2.2 FREQUENCY HOPPING FUNCTIONALLITY MODULE

Various aspects may employ frequency hopping functionality modute. The
frequency hopping functionality module 202 may be associaied with the specific

12



30 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 s7pecific communications channel(s), frequency hopping protocol, etc. As such,
various aspBiSH) Btize one or more frequency hopping protocols. FreXam&t &t eceiver may
search the designated range of frequencies in which the transmission could fall. When a single proper
decode is achieved, the in vivo 5 transmitter has accomplished its mission of communicating its digital

information pa : recejv. he ir it u ncertai Vi random
frequency hopéﬁ@%&ﬂé&?@?&%%g%e%g%gﬁlﬂ%tﬁ%fﬁﬁ@zﬁ%% l%%%leﬂt%nﬁgﬁég’%gnogéuch benefit,
for example, nREPHESTRSY IR rABARIBREHTEBIARRYAEPPHA OGS HEte M HRTING tiBAsmitter carrier

frequency oscitaeiveanmis asdaepcuratedseryiingageillatoritbqidagasily.imprmented on a small
portion of a 1 mm die, Accuraci n order of +/- 20 are easily tolerated, This is because the
receiver empI(r)‘{;r/%n rrgasl?éonncg%@%i&ﬁ)i né}&aﬁggrﬁhs‘rﬁ‘g.i%ﬁaﬁge? g%%%déége%ﬁ%rﬁgﬁdbghgx{%r\lfalé)d battery life.
To illustraté, oV@ngHdtes batresePaishedisnmtes BhRbppNTaUBieatingrée doteh Maiieionhe probability
of the transmitigficaasmitingsnacclear channel that can be received by the frequency agile receiver

may be significantly enhanced due,to random frequency hoppi S?till another henefit may be
minimized collisiotr%eeve%?g itk ﬁt%?ﬁ \% dnve 2o 5H3§r§%‘ﬁfg/nggf§%us lyatég,’m Pnrlnmki%zrgﬂ%’)%ngy collision
probability whetephiiitipedn Vidoareansietengdele . 2fddegtible @eein meltkiesbernelisbteiglly transmitting

simultaneously, suchasif instaneapwherg tha nagliplemngesiipiosyent Markerssre ingested
' Stated differently, Wjéhout freqéjency hoEpin% functionality,

concurrent or In close hemrg")_oral E{roximiﬁé. (
there ma)} ea HF@W&C} a8ili 3'/"91 F‘ﬂ?&é‘ bR AETHATREY S P AR AAP 128 Al Fon the same

(or nearly the deeae)frdnui@sciiatestithig inasibitipleleokisionn a dmaepaiticaspests, the useful
frequency spegiimpfor Hssi o iHme genductiomapalications kanges fra RbaiubaddHrdo 150 kHz.
Through detailed animal studies it has been observed that in some environments, the in vivo
receiver employs freguency searching algorithms.
Another such benefil may be extended batiery life. To illustrate, over the
15 course of the transmitter battery life, e.g., three o ten minutes, the probability of
the transmitter transmitting on a clear channel that can be received py the
frequency agile receiver may be significantly enhanced due to random frequency
hopping.
Still another benefit may be minimized collision events in high volume
20 environments. To illustrate, minimization of coilision probability when multiple in
vivo transmitiers, e.g., ingesiibie eveni markers, are potentially transmitting
simuttaneously, such as in instances where the multiple ingestible event markers
are ingested concurrently or in close temporal proximity. Stated differently,
without frequency hopping functionality, there may be a high probability that
25  ingestibie event markers of a similar lot will fransmit on the same (or nearly the
same) frequency, resuiting in mulfipie collisions.

In ceriain aspects, the useful frequency spectrum for use in volume
conduction applications ranges from about 3 kHz o 150 kMz. Through detaiied
animal studies it has been observed that in some environments, the in vivo

30 transmitter, supra, having a received signal level in the range of 1 to 100 uV may
compete with narrow band interfering signals on the order of hundreds to
thousands of uV in the same freauency spectrum. To mitigate the destructive

nature of interfering signals, a frequency hopping channe! or protocol may be
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30 transmitter, supra, having a received signal level in the range of 1 to 100 p.V may compete with
narrow band interfering signals on the order of hundreds to thousands of p.V in the same frequency
spectrum. To mitigate the destructive nature of interfering signals, a frequen channel or
protocol maV‘B@OQé’mB](ﬁ?ed in which the in vivo transmitter randomly freq'ﬁfé é% ﬁgarrow band
transmitted signal, e.g., a modulated signal such as a binary phase shift keying (BPSK) signal or FSK
signal, output on each transmission. 52.3 COLLISION AVOIDANCE FUNCTIONALITY MODULE
Various aspec i i llis idance
&maye%m PHRESHSIN YD Qﬁyg&jzﬂ‘t‘ép%ﬂ%m %Hé% g olis é%)l? rBUP!

functionality module’ma e assoclated with t ecific com unlc tion nne collision
avoidance proﬂ%?ﬂs”@ié“l&%egtfdﬂ“@)aﬁ&s am AUt @ﬁrﬁ)@?é&h@"@ﬁ%\?ﬁmance protocol
techniques assegiateGrER)tbigrapecificicammuriciions channaksmicdision avoidance techniques
may be particularly useful, for example, in environments where two or more in vivo transmitters are
present, e.g., where an individual ingests multlple IEMs In such an environment, if the various in vivo
transmitters send their signals 152-8da@Hug08IH VBN F 8N obscure the transmission
from all the other in vivo transmitters. As a result fallure to detect S|gnals may increase significantly.
Various aspects mayvlnclude varlotus collision avmdaqce apgrogfghes alope or. |n vagops

combinations. 200ne %ﬂ%ﬁsap toach em %@ys‘%ﬁltl&é SranSmit ga%é%%(fes

frequency-seletiiv€diliRian Gviidanen swktionBibatedstihgay e éﬁ%@@%ﬂﬁ@lﬁ@ﬁé@%ﬁh the

transmitter brogelaagiieaénd. ARl HexofERHansmEHRg sisldaseaysisAnaliernaive to this
approach |§nlllustrat d in Flgﬁie 9. FIGURE 10 |Ilustr{%§es a first col‘ %IOH avoidance techalque, e.g., via

a 25 tranBmittBPPREAUTRCS 0 AZ Gy BHRHS 1H AR R O R BB ARG A 1S5 ARSHREEY 2 is
broadcasting onmitf2 therepeiiés anthmvoibalinhpaiwifilteis)areloriisitfedveidanota wniitigleeband pass filter

module 204E. Bap Cﬂ:@%’fa’?tf&%rﬂr '§s’ﬁ&15%¥%§@%&@%@mm@ﬁ§\%é@“%vﬁrt%é?e fAnce signals
from the transmitters eﬁ% two [EMs associated with Pill 1 and Pill 2, res ctlvel et 30 through their

respective banﬂ‘i?a%%% F‘?r?r%f%@ﬁé%c?t% d%%%%&fét%?é"‘ﬂ'f%}dﬂ%%ﬁésa e Se Emodulators
can be implemantedias separatesindlogheireaitsuer in ‘vheod@atad;rmmlrﬁandhisamammlscolhsmns may

be avoideg. continuously, the transmission of one may obscure the transmission from all the
other in vivo transmitters. As a result, faillure to detect signals may increase
significantly.
Various aspecis may include varicus collision avoidance aporoaches,
alone or in varicus combinations.

20 One such approach employs multipie transmit frequencies. By using
frequency-selective  filtering, the transmitter broadcasting at f1 can be
distinguished from the transmitier broadcasiing at {2, even if they are iransmitting
simultaneously. An alternative 1o this approach is #flusirated in Figure 9.

FIGURE 10 illustrates a first collision avoidance technique, e.g., via a

25  transmitter module 204A, wherein Transmitter 1 is breadeasiing on 1.
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 1, band pass filter 2 is sensitive to 2. Once signals from the
transmitters, e.g., two |[EMs associated with Pill 1 and Pill 2, respectively, get

30 through their respective band pass filiers, the signals go to demodulators. In
various aspects, these demcdulators can be implemented as separaie analog
circuits or in the digital domain. in this manner, coliisions may be avoided.

FIGURES 11A - 11D illustrate another collision avoidance approach. In
various aspects, the specific communications channel(s) may employ duty cycie
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FIGURES 11A - 110 illustrate another collision avoidance approach. In various aspects, the specific
communications channel(s) may employ duty cycle modulation, e.g., via a duty cycle modulation
module 204B" wherein a transmitter need not transmit all the time. If two transmltters e.g., xmtrl and
xmtr2, are r%?t?%’%ff’ﬁg simultaneously, they will not interfere with eadit BHEP0 E’B? 2 mple, If two
transmitters are used which have low duty cycles, such as broadcasting 5 10% of the time and off 90%
of the time, then probabilistically there is only a 20% chance that the signals will overlap with each

other. In this ”Pﬁ&ﬂﬁéu‘c?ﬁ"'?53%MJ&‘#%M%&W%W%J&%%‘&% (R KRMREbhémifisre a

transmitter 1, e.g., xmtrl, that is onl 0% of the time. There is fransmitter 2, e.g., xmtr2, that is also

only on 10 1096 tAE! ARSI %LE’?get”fﬁellétf@%gﬁ‘i@rﬁﬁﬂﬁbﬁr@/’tl’iglt"thé\?@vﬁﬂﬁnéfﬁn@itmultaneously
However, that tpaebahiiiy sanbencooitp]ledpwidhangingftre dity eytietied tifefregueniey spread As a

result, if these I;vm 333% t%bg%?)éntﬁr%%gﬁ I,;( ggfgr@\t] ((;{Eﬁ%/ rgx&gﬁrggt Cygrg% gmgrference with

each other. The overlap can owever cle and the frequency
15spread,®.g. 1Q/l’a@flﬁﬁéﬁ’m6@lﬁ‘@ @Zba@-"/aﬁfj@%%?i MWMH%‘G%’QW R QPECHFERE In this

manner, otherma&cmmrmng eqjlisionsimap e avigidesth otWith referenseitedr) GliRkkl6, dashed
transmitter xm;nz h§ htIy shorter period than the solid transmitter xmtrl. Even though the
r

transmitters beg|r¥ oA cas ing at the same time, after some number of transmissions, the 20
transmitters come oMVt ARtsipReAtix KHEURR G%rﬂﬁéeaaré@ﬁﬁ”iﬁ@{/ A& HowraistinBedrsm one another

and otherwise @ag#HingclisiengriaayeraveigedsmiteWVithergfexance toaISaIRRoRlGna similar effect

can be obtained by ng.a spr d of oscillator frequencies. In pra the silic noscllators used for
these trar%gamlttﬁ()ré"hgvéaqépﬁea of B Tew’ p%e%cent w%?requpernlg %ﬁ{&%f er&ncg {is rl(equency

means that afteimiaBoushsniissiener. et Gselrbis co0ge conmoliast BeepantineHiedwith each other
are no longer ip plRagsWibB ﬁ@&he%]ﬁgp)é%aoumgn%tﬁtma}heseb@ﬁe@%m%aay digtribution or the

frequencies ca r] Iso g ro mme to be explicitl dlf ereni1 9 to ﬁ\/eeac ome range e of periods.
Noise dltherlngS gabl(% g§ (?8?“ Ffééd"bs%ﬁf&?o}“f?&?tg 983‘? 7o glgeat& er
overlap can be conirolled, however, by dithering the duly cycle and the frequency
15 spread, e.g., via dither module 204F and spread spectrum module 204D,
respectively. In this manner, otherwise occurring collisions may be avoided.

With reference to FIGURE 11B, dashed transmitier xmtr2 has a slightly
shorter period than the solid transmitter xmtr1. Even though the transmitiers
begin broadcasting at the same fime, after some number of transmissions, the

20 transmitiers come out of alignment with each other. As a result, they are now
disiinct from one ancther and otherwise occurring collisions may be avoided.

With reference to FIGURE 11C, a similar effect can be obtained by having
a spread of oscillator frequencies. In practice, the silicon oscillators used for
these transmitters have a spread of a few percent in frequency. A 1% difference

]
LAh

in frequency means that after a 100 transmissions, two oscillators 1008, 1010
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., 10 have some range of
periods. Noise dithering a voltage controlied oscillator frequency can also create
30  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. Xmir2 begins broadcasting at the same time.

15



30this frequency spread. With respect to FIGURE 11D, the retry period is randomized. In this
example, xmtrl broadcasts and then waits some random period of time before broadcasting again.
The xmtrl then waits another random period of time before broadcasting again, and so forth. Xmtr2
begins broadt2at# e same time. However, in this case it waits a raffeHsHeRoOBSiBre the next
transmission, and waits another random time before the next transmission and so forth. In this way,
the probability that two transmitters broadcast simultaneously can be controlled by affecting the

standard deviatign of the retry periods. 5This approach can pe based on a pseudo-random sequence
that is preprogégnglr%\é%’imo?qgeggﬁ?p: ItESR %Ié%gg i %%5‘?{%59 é?é? nggﬁﬁ?gﬁ%%?ﬂwﬁnﬂber generator
(thermal noise)Va¥on@iBes éprtieiurtinerusiomedishpxSirans missigrtramsautterhds tianigye serial

number, some wbthe ke biaoiibersaERk e bRaeaah e HRd 1edRY IR HaissApdaLmization time,

either directly or by,10using a Jinear shift register, Additional aspects of the transbody transmission
channel use s8%ﬁles‘?;?}@%ﬂ%?ns’r?&ﬂ%ﬁ@%}’éﬂ%& Hﬁ%fﬁg R&®4Msmit message. This approach can be
direct spread spectruhfisr fpsuesicycain ppingasee auh spestaumo-Amdorexssapéecanyhalf the code

division multiplgrgiessr ol rbaues eyelarshiobeal th hvarsADaLallamder,multitudes of
cell phones to broadcast on the same frequency without interference can be employed in this aspect.
This aspect caﬁuﬁ%’g rb%@BSE%aroﬁFSHg}%f’?P@%e?ﬁ KHLWR EGHRSTHEPRESR @i, $06R as Gold

Codes or Kasagnetotiass mitterdiedlengéte seral dressed ssmpprohehedproimbilisticsdlyal A code is 20
selected such %g@gr&grg&g@@eﬁtlxrgﬁg% that the prabability .of é\,/vgﬁtﬁgpﬂ“ipégﬁ{/sopaa/ing the same
u

code bro%dcastingq at the same time is sufficiently small. This approach ties into the ideR of using a
beacon to find i

G A ahiidRelPEEcause spread spectrum transmissions in general do not have a
well defined carrier frédpisoy. Tbmdsformetion i sheteymineshnaisein asriianzthe. @ speaeon. In

certain applicalgas.jriSwreiib e AAThIOR b dELRchaUss, Byeample. when here is a long
ular Sble. |n this

duty cycle, spread spectrum transmission can be partic y va case??ﬂe probability of a
collision happetliRg! iBAFEDREBSIHT Bt tREUBIRY dORPERPIRAR SBREITbabwity ehaapipread

spectrum. any of the code division multiple access (CDMA) technigues developed for celi
15 phones that allow for multiiudes of cell phones to broadcast on the same
frequency without interference can be employed in this aspect. This aspect can
aiso be based on any of the well known codes in spread spectrum, such as Gold

Codes or Kasami codes.
The challenge to be addressed is approached probabilistically. A code is
20 selected such that there are sufficiently many that the probability of two
transmitiers having the same code broadcasting at the same time is sufficiently
small. This approach ties into the idea of using a beacon to find the carrier
frequency because spread spectrum transmissions in general do not have a well
defined carrier frequency. That information is determined, such as from the

25  beacon.

In certain applications, it is useful io combine the different technigues. By
example, when there is a long duty cycle, spread specirum transmission can be
particularly vatuable. In this case, the probability of a collision happening is the
probability of the long duty cycle times the probability of the spread spectrum.

30 There are no restrictions on combining technigues.

in calculations, it is shown that duty cycle works very well for two or three
transmitters operating simultaneously. Howsever, in regards to cetiain
applications, the duty cycle method breaks down when there are more than five
fransmitters providing data in an overlapping time frame.
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30There 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 oWé?‘l%[Bff%ﬂ%?ne frame. The most straightforward methodeE)Tb%%'fgWﬁ@ﬁuty cycle is to
add retransmit randomization, e.g., via retransmit randomization module 204C. By adding a few bits of
retransmit randomization, the effect is immediately rendered much less pronounced. In this aspect, the

system can easily digipoyish e, IG5 S HAREAUR SISty <2195 PRYaRd ten

transmissions, spread spectrum is 0ne approach of interest. As systems go to many simultaneous
transmitters, eVRFATHHE RAONGGR R cytife reti@omil ﬁﬁﬁ@?ﬂ%%ﬁﬁiﬁl@%%@ﬁérﬁre transmitting
becomes a sigadfiivant pontibifs off tier imgenanahcoliisiatsnh eeo pitsctiavoicabletchOtorasteims requiring

only a few trangiifers, ?88%%98@%&%&%%%%;@51%%M'S&ﬁ%%&ﬂ?%&%mf% iR duty

cycles.Multiple transmit frequencies may be a controlled environ when the
frequencie3 of BESFAH SRR KIRSIAIF or three to ten transmitters, retransmit randomization works

well. Beyond ten transgniiéerise aieagrs pantmmsis ez aapgioaalniniat onay dppeaplayed, and it can
combine spread pectryn Wi olher teehnifes i FIGIR AnIRNGANY sycle shauih hree

I
simultaneous transmitters thére IS about a 1% chance of a transmitter hot being detected because of a

collision. This igh@UfhEy L6 Mmigial taresiat ifdpri. IBREMHIPGHRIAt TaRITEBE fiskfumes

a significant portion of the time and collisions become unavoidable.

10 In systems requiring only a few transmitters, system design can rely on
using simpler approaches, such as long duty cycles. Multiple transmit
frequencies may be employed in a controlled environment when the frequencies
of the transmitters are known. For three 10 ien fransmitters, retransmit
randomization works well. Beyond ten transmitters, spread specirum is one

15 approach that may be employed, and it can combine spread specirum with other
technigues.

Plots on long duly cycle show with three simultaneous transmitters there is
about a 1% chance of a transmitter not being detected because of a collision.
This is during a one minute fransmit interval. One imporiant feature of some

20 transmifters systems is that the transmitters have a finite lifetime. In sysiems
where transmitters have very long lifetimes, these concerns may be absent.

For other kinds of implanied sensors, these are still very important
considerations for power consumption. If the system must wait an hour before a
window clear enough to transmit & signal is available, then the transmitter is

25 using power all that time.

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

The spread spectrum approach is quaniifiable, depending on how many

30 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 fransmitters. Even doing nothing to select transmitiers that
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20transmitters systems is that the transmitters have a finite lifetime. In systems where transmitters
have very long lifetimes, these concerns may be absent. For other kinds of implanted sensors,
these are still very important considerations for power consumption. If the system must wait an hour
before a Wiﬁﬁ%\ﬁpﬁ?@gﬁgﬁough to transmit a signal is available, then the tF éﬂ‘?ﬁ?@?’@%ﬁlsing 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 gQ\?eSBf&ﬁ\gtsBS&éE‘,‘%?&R%ﬁé%ﬁ(geiﬁrﬂ‘fﬁ‘é‘t%ﬁ'&mﬁﬁﬁgﬁdé?%BQSh%{é&W J0 distinct

codes are used. When the Kasami set 0 s are used there are 32,000 distinct codes. In this case
the probability SRR E IR tFeh SHNEELSHBINERR B same code is 11(32,000)2. That probability
goes up geometrically: withaiheaspsokerotdransnaitiers. Ssyemdaingnaibingdasetgstiv@nsmitters that

oo o S AR LGN S IR oL
receive a Sign&IdA eseiiiet Part IPAIYNeR s FERAIRT Fglpw 1 2MRIHRes algagipdtta noisy
environment. One approach to that problem is o find a guiet place in the noise
spectrum. The detector of the receiver is programmed 1o that frequency band.
The transmitter periodically broadcasts in that freguency band.
FIGURES 12A and 12B illusirate a technique to detect a low amplitude
10 signal in a noisy environment.  With reference o FIGURE 12A, in the case
where the receiver surveys the noise spectrum, power is a function of freguency.
There is a noisy region, quiet region, followed by a noisy region. The broadcast is
provided in the quiet region because the least amount of interference is in that

ragion.

15 in FIGURE 12B, the transmission occurs at multiple difierent frequencies,
e.g., a ramping scheme. In various aspecis, other schemes may be used such
as frequency hopping or random scheme. Typically, the chosen scheme will
densely covers the frequency band of interest. in practice, the transmitter wii
eventually jump inio the guiet band and eventually transmit in the guiet band. By

20 having the receiver listen only in that quiet band, there is a good chance of
receiving / decoding that signal due 1o the excelient signal to noise ratio {SNR.

The above configuration in which the raceiver is employed to receive only
a quiet band is not fimited to systems having a collision avoidance channel, as
described elsewhere in this application. instead, receivers as described in any of

25 the following applications may be configured to receive only a guiet 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.

30 To illusirate some of ihe foregoing concepts, in one aspect transmissions
are broken into two channels. The first channel is used fo broadcast the data. A
one to two percent duty cycle is performed. Immunity to collisions is enhanced
by randormizing the re-broadcast rate. The second channet is used to broadcast
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5 addressing the problem of detecting a low amplitude signal in a noisy environment. One approach to
that problem is to find a quiet place in the noise spectrum. The detector of the receiver is programmed
to that frequency band. The transmitter periodically broadcasts in that frequency band. FIGURES 12A

and 12B illudFB A48 Rhique to detect a low amplitude 10 signal in a nof&yr8RviFHREAE. with

reference to FIGURE 12k in the case where the receiver surveys the noise spectrum, power is a
function of frequency. There is a noisy region, quiet region, followed by a noisy region. The broadcast

[ ided i ] [ he | f Interf IS | ' 15In FIGURE
28, the wans A B e e B el R Ao varicus

aspects, other 8éhéhiBsNndy HeSeseaniischTds fRsgaen SRRIPISHENSraantlsm. deHBM@ Bgpically, the

chosen schemgs withdgnsely sueraibe bartiensyRane of insarest. InTpsassigssthetraagmitter will
eventually jumghinto the quiet band and e\ée{;tuallp( transmit in”tr}Srqg(i)e{rg%r}gé%)é 20 h%ving the

: . n .
receiver listen onﬁl{/wfﬁ {Rat ;(c]easlee%rggﬁazfa {ﬁteere iSa éo%aac Ance 6 receiving / deco |%% that signal due to

the excellént sitpialc@rirsisetdgocesnRted. Tirerapevercvfiguranoyinivitida Heseaseider is employed
to receive onlysgr culied bage-isinelimitedda,susteims bavéng-a, colisisrerweidansaghanasl, as

described elsewhere in thi lication. Instead, receivers as described in any of 25 the following
applications i B8 BT e 0GOS et DB Pt BSatat 2P o
US2007/024228¢=tded "Active Signal Processing Personal Health Signal Receivers," and filed on

November 19, 2007; \WE»20A64336:44 8i-R0BR0 8160 94 Fndetic80OHD R84, SHERBAGP and

2006/116718; the disclosures of which zg? lications are herein incorporated by reference. 30 To

illustrate $8me B HdISPEFEH T COIRERE M one aspect transmissions are broken into two channels.
The first channel is ubed¢udinoasizeass tHbalataove ansttmvio pediéet datyrojdle is gergemed. Immunity

to collisions is gRhARRSFRYHMREAAMIZBG NG FRRILadrasiale s R hESERARG ghannghiscused to

broadcast a wakeup beacon. A one to two percent dutﬁ{ cycle is performed. The packet rate is in the
10 mSec rang@UPhe/BlEaddtet FOmEHRS AR B EHARA AR R BT W00 to 200 uSec, when collisions
are not of concern. Thechegaitossancdate ehavnaelsmmessaraiigeheratethdidhe thhedaatoroscillator, so

from the heac t@g_@dﬁ%@grgrtﬁg@o%p@rl%mﬁd. The receiver will turn on every 10 to 30 seconds

for a 10 mSec duration. If a beacon is observed, the receiver will stay on to perform a full

demodulation and deBRREARERRISE, NFPRVEVEF RAT IRINRJIHEERRfIat the medWlalgliPSspects, the
above system @roglifiechtotirchigteaskecpeneyrb@idither to the packet interval dither.

In certain aspects, the above sysiem is modified so that the use of simple
multidimensional parity check codes for FEC (forward error correction).

3.6 Heceiver

The signal receiver, sometimes referred to herain 85 e ‘receivar,
generally includes any devios or component capabde of receiving the signal, e.g.,
conductively receiving a signal, viz one o mors specitic communicalion

25 channels.

One examiple of such & 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 2008/116718; PCT application serial No.
PCT/2007/24225 published as WO 2008/063626; PCT application setial no.

30 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 cerlain aspects, the
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In certain aspects, the above system is modified to include a longer duration transmission of 16 carrier
cycles at 25 kHz (640 uS) with a 1 to 2 percent duty cycle. This complies with narrow band filter
compatibilit In certain aspects, the above system is modified to so that the modulation 15 as

BPSK on O@R P& Giver channel. In certain aspects, the above s;?&Hﬁ%S?&%{B%ﬁ?r‘éd so that the

modulation as OOK burst on the higher beacon channel. In certain aspects, the above system is
modified so that the use of simple multidimensional parity check codes for FEC (forward error

oo oo RMAANCE sl o fceiies SrRImes ey SABD B RNy Heceler

generally includes any device or component cap .g., conductively
receiving a sigPRACRiL oA FYEr&BpEEITRVE N RIhRARGRYSERRMARIS.OT o tRie IBRMAIR% of such a
receiver is the gessormalgeceivey, sepa. lAnshenexapwple ofibereeeriverdesaeriecinsthe in: PCT

application serjal no..P / li WO 2006/116718; PCT application serial No.
PCT/2007/242 %p%%%ﬁ?s%%{gj %s% %8%%%%%&%@36@% rczgfp'plication serial no. 30 PCT/US2008/52845
published &s US2008/0%2828gie dikdBSia%s BAWHRIHEBphettichdesra hendiniariitated by

reference. NaBRuyssaspects include mobile configurations of the receiver that are sized to be stably

associated with a living su 'ectEin a mﬁﬁner.thag does not substantially impact movement of said living
) . 1" EXternal Keceiver . . :
subject. In certain aspects, the mall size. To illustrate, the receiver may occupy a

volume of space of abioif!RACATRYIeler FRCRIVEASTRONR BifeéVEm B oFERRST MERIERNG about one

cm3 or less. IngeriRifyasRRISuiBe recrivel haseh shiRSizeappRagimately 2aPdins /Bmehten mm2 to

two cm2.10 manner. For example, in certain aspects the exiernais receivers may be
configured to be associated with a desirable skin location. As such, in aspects
the external receivers may be configured to confact a topical skin location of a
subject. Configurations of interest include, but are not limited to: patches, wrist
Bands, belts, eic. For instance, a watch or belt worn externally and equipped with

15 suitable receiving electrodes can be used as receivers in accordance with one
aspect of the present invention. The receivers may provide a further
communication path via which coliected data can be extracted by & patient or
health care practitioner. For insiance, an implanted collector may include
conventional RF circuitry operating, 2.¢.. in the 405-MHz medical device band,

20 with which a practitioner can communicate. The practitioner may communicate,
for example, via a data retrieval device, such as a wand, etc.

Where the receiver includes an external componeni, that component may
have output devices for providing data, e.g., audio and/or visual {eedback.
Exampies include audible alarms, LEDs, display screens, or the lke. The

25  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 wormn ouiside the
body and has one or more electrodes that attach to the skin af different iocations.

In certain exiernat aspects, the receiver may be configured to be in contact

30  with or associated with a patient only femporarily, i.e., transiently. For exampile,
the receiver may be associated / attached / in contact while the pill, ingestible
eveni marker, etc., is aciually being ingested.

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

iwo finger electrodes or handgrips. Upon ingestion of a pharma-informatics

20



5The receivers of interest may include both external and implantable receivers. 3.1 External Receivers
In external aspects, the receiver may be ex vivo, i.e., present outside of the body during use. External
receiver may be configured in any convenient 10 manner. For example, in certain aspects the
externals re%@\?@?g"‘l’ﬁ%ﬂ&oe configured to be associated with a desirable EkiHYSEHHGRTAE such, in
aspects the external receivers may be configured to contact a topical skin location of a subject.
Configurations of interest include, but are not limited to: patches, wrist bands, belts, etc. For instance,

a watch or belLyRREXFINAY AafkaouARGLVHL 8. Siale Eroghid plecHgippsanbe used as

receivers in accordance with one aspect of resent invention. The receivers may provide a further
communicatioRPBRFRRA AR EHIREISH AR E3hrBecaradBENS ™SS IRTERI DR SE8Ih fEdiFe practitioner.
For instance, andrpplagited waecter mayinelvde convertionatiR Eheircigitey epatating, ehg., in the

405-MHz medgﬁghgﬁe\g%? EQSMP ig%i é’%'éE’ V\é%&qr%%ggmg’ner can communicate. The practitioner may
leva

communicate, for example, via a data re evice, such as a Wan_d, etc. .\(Vhe.re the receiver
includes af external ForApdAEntEtRatieonfoneremaly RERVEUtHIRYeRladSorpsldiERfdata, e.g.,

audio and/or visbatderdbasicrExamplegrnellidaraudib e adaanss LEDs:nlisplanssseansicor the like.
The 95 external component may also.include an interface port via which the component can be
comested 1o BERT I 5 TR B S0 e B e e SHa e ice may be
positioned by @naXrbR$STHAERMBIRCOaNTI & the WD @) &AM JACOPNBNE ehebFBdei®that attach to

the skin at diffe(@afiagalirnseti GRERINL4RINBLASHE6E. thed eeplyRisRANeeaNkaynsd to be in

rocenver iy B HGS BB AUALAER) 1 orECE ARG are S QR SO i dehetc. 1
actually being thgestest, bacRgsillastiates tetsteciivdr iiwpbaserifiguiies 2andagexesmilrdevice having
two finger eleciagdes ebhapAsdiRsrdiene MgastienafRnhasmariiermatichiect, e.g., from

an identitier of a pharma-informatics enabled pharmaceutical composition, and

then relay this information to an external processing device, e.g., a PDA,

15 smartphone, mobile phone, handheld device, computer, eic., as described in

greater detail elsewhere. Bandage-style devices that may be readily adapted for

use in the present sysiems include, but are not limited to, those described in U.S.

Patent Nos. 6,315,712 and the like, the disclosures of which are herein

incorporated by reference.

3.2 Implantable Beceivers

in certain aspects, the receiver may be an implantable, i.e., designed and /
or configured for implantation into a subject. Implantation may be on a temporary
basis or a permanent basis. in these aspects, the receiver is in vivo during use.

25 Generally, implaniable receivers may maintain functionality when present in a
physiological environment, including a high salt, high humidity environment found
inside of a body, for various periods of fime. Periods of time, for exampie, include
a few minutes 1o eighty years. More specific time periods include, for example,
one or more hours, one or more days, one or more weeks, ane or more months,

30 and one or more years.

For impiantable 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
examgle, by incorporation of a rechargeable battery. In one aspect, the
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enabled pill, the patient touches the electrodes or grabs the handgrips to complete a conductive circuit
with the receiver. Upon emission of the signal from the pill, e.g., when the pill dissolves in the stomach,
the signal emitted by the identifier of the pill is picked up by the receiver. 5In certain aspects, the
external recP AP EIude miniaturized electronics which are integratB& 481 rodes to form
a bandage-style patch with electrodes that, when applied, contact the skin. The bandage-style may be
removably attachable, e.g., via an adhesive layer or other construction. A battery and electronics may

Iso be includ dage- p i to itio n.a desirable
?a?get skin sit:r%?r:[[é?agé%%egt% ?eeébﬂgﬁ ﬁﬁggcﬁgegs}é g%&%”iiﬁ@%&brﬁ% i@:ﬁe%lrn%%e%s% e@%ects, the
bandage circuitpf' AR SAHGIT Sy RN Hgraas frem dalifisssadierSoftle Salelt, e.g., from an

identifier of a piarmaidnfernaticcenabledphamesestitgleampositigacandhtenursiry tis information
to an external processin vice-e.qd.. a PDA, 15 smartph mpbile phane, handheld device,
computer, etc?ﬁg { é&??@ggqﬁ ﬁé‘@%&%ﬁ%‘f%ﬁ% Se'PeC.Eﬁjgrr}ﬁggaeg-é)?ﬁé) %35%8? ﬁai}ﬁnlnzfy be readily

adapted fof us@apkiiesrerdnes psermdareiRbangblerauin datiesaless giostagedcdiBed in U.S. Patent

Nos. 6,315,719 and the-ékeainthesliseierusestiviishamaeiein insunertagvperetereaee. 20 3.2
Implantable Receiver In certain aspects, the receiver may,be an implantable, i.e,, designed and /
i B 1 fher fvoe o MBI ANS i & 2l

or configured for Yrgﬁ% aht3honinto a su%jgcf? 10I Rtation m%y b bt epor%tr& a2%%r a permanent

basis. In theseagmgetisthieerebaEv ey e ubvsiteingusie B Seertadlymiplasitanalsievieeeivers may
maintain functignalifyjahies RHeseBkifea PhYSMegieakenyiHOBMABE: IRARG BANighhsalt, high humidity

environment found inside of a body, for various periods of time. Periods of time, for example, include a
few minut%—:@ to%‘félﬁt@ A Wrgéﬁggﬁ@ t%cg 6@%8@@@'3&89%ﬁ@%mpl@m&?g%?nm?e hours, one
or more days, oaigiorantraveaks)pheadudagremontars, Gtiat Wrysioopaesyearss, e.gFor
implantable aspggts, {1 Eee el ma avsorwaeonrenent shangais!udingbunatdigufed to:

capsule-shaped, disc-s,haé&ed, etc. Various receivers may have relatively small sizes. These small
sizes may be abASled"ft%Examifie A5 inBrplFdion & a IEORIGESIPHSRerPeN I Saspect, the
rechargeable batteogtinagadifdesias, ofalzota e done elirtie@nether aspect, the rechargeable battery

automatically chargeg {ramYariouSSAHECSSIGc8- aGRiR i INGRAllRRIRR Lok 28 F5G8lMRTdMay be
configured to be placed in a number of different locations. Examples of locations include the-abdomen,
the small of thdhe signal of interest. The receiver may inciude a variety of different types of

receiver elements, where the nature of the receiver element necessarily varies

depending on the nature of the signal produced by the signal generation elemant.

In certain aspects, the receiver may include one or more electrodes for detecting

20 signal emitted by the signal generation element. To illustrate, the receiver device

may be provided with two electrodes that are dispersed at a predetermined

distance. The predetermined distance may allow the electrodes to detect a

differential voltage. The distance may vary, and in certain aspects, ranges from

apout 0.1 to about five cm, such as from about 0.5 to about 2.5 cm, e.g., about

25 one cm. In certain aspects, the first electrode is in contact with an electrically

conduciive 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 lissue (fat). In an alternative aspect, a receiver that utilizes a single

electrode is employed. In certain aspecis, the signal detection component may

30 include one or more coils for detecting a signal emitited by the signal generation

element. [n certain aspects, the signal detection component includes an acoustic
detection element for detecting signal emitied by the signal generation element.

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

the receiver simply relransmits the data to an external device, e.g., via
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5back, the shoulder, e.g., where implantable pulse generators are placed, etc. In certain
implantable aspects, the receiver is a standalone device, i.e., not physically connected to any other
type of implantable device. In yet other aspects, the receiver may be physically coupled to a second
implantable®Y8#48/%8%473 a device which serves as a platform for one or ffot&” y%?)‘&ﬁal Sensors.
10 Such a device may be a lead, such as a cardiovascular lead. To illustrate, the cardiovascular lead
may include one or more distinct physiological sensors, e.g., where the lead is a multi-sensor lead
(MSL). Implaniail,Aryices,ef dajarssh rbier inclile: Bubace nplimieddp mplaniatiepulse
generators, neurostimulator devices, implantable loop recorders, etc. eceivers may further include
a receiver elerfRGH\RAiERI3dR/E8IRIMINRIVEINE SIgNEKBT SRTBPIEIPH S HER AFPRAER/ TRCRIUe a variety of
different types sifggeeiver ielenaenis; vdrerg, theinatute-ofithed eceiveibrliemen! neeassarty varies
depending on thepatyre oINS sioaalradused by e signal qgneralion SIRTVRIL. 1 cgffain aspects,
the receiver may include®one or more electrodes for detecting signal emitted by the signal
generatiorPelefiesit. FOPRIStrates theepavel eP@ERAceltfay BRepyRsyidetiavitiotwBLUERRGHSAES that are

dispersed at apiegeigrynee digianee dihied e deiersinadppisiing neay aliadbe: elgglrodes to detect
a differential valtage, Th? distance may vary, and in ce{tain asp{ectg, ranges from about 0.1 to about

five cm, such as%ront tggén& 5516 FBot fgﬁ?:?nf) %%T%grou%v%% Ofe cm Tn 'Cer 1§%Sagﬁ)@’cts, the first
electrode is in ReifREBtaNiticnbEatancal fhesmandtive Bbayasernteis asndursiveshdptAe second
electrode is in contagt wiian-eleairicall insyinivereadylpment rrlalive inaaid sendstive body
element, e.g., adigﬁge tissue %‘ag. Ip an altertgagve aspect, a rﬁﬁeiver tha%.utilizes a Fiﬁ%e electrode is
employedl;oln cBR aagpgéf’é, A ﬁgﬁalnﬁét% R higg?hpgﬂﬁ%’n? a?néaeiﬁié Ghe%otie BPRT0re coils for
detecting a signaibeenitdbypumbsigedl easiecaiopos|tene atrinsdetamh dspeastieht sighal detection
component incydgsianREPURTIGRCIRRHRR ¢ IameatdPRIdetesiRgSignabeRitedRy JBrsignal

generation element. A receiver maé handle received data in various ways. In some aspects, the

receiver simply T&fahsHrsAHE 8t 1Pa PaxHTndr Bt £'ame WoRlUAMRISASE MR & munication. In
other aspects, filvéhee ceivee predess excthe irdopinattatd e dejennivits whisththetcetasheesame action

such as operaiag e Efectar Piehify RIS IRAARKOLARIBIAG ASIHIRA" AUiNE alggm, ransmitting

a control signal to an effector located elsewhere in the body, or the like. In still 5 other aspects, the
receiver storedFTERRIVEECHta Gt sibsERIRAL APeEmidERN 48 anGindrBERALe BT SR Use in
processing of sizbsetynaniidateaeugentdetactingearthiangmatisonhe maamsténenar timed€he receivers

may perform aE‘é’rE}%E”PéQSQ%’Po% FPSé.elﬁ%gcrfa% qiacLApeatans Hﬁiﬂ%@ﬁ‘%h’cﬁ dafaydcertain

aspects, the data that are recorded on ata storage element 10 include at least one of, if not all of,
time, date, andPB¥SiBERIHITCEIGH | BloBAIATRRYRIE sBifal RIFRBIEE &F eXUHBBMPRAESI inistered to a
patient. The identiferatnay haithe, cespmanrmanee o thie composition or a coded version thereof. The

data recorded on the dalg, I0IAgE eIBIEN! AL e RASIVRLRK WSHIGLIOG g SApECicabrgeord

information of the subject wi receiver is _
small size. in certain aspects, the desired functionality of the receiver is achieved

with one or more integrated circuits and a battery. Aspects of the invention
include receivers that have at least a receiver element, e.g., the form of one or
25  more electrodes (such as two spaced apari electrodes) and a power generation
element, e.g., a battery, where the batiery may be rechargeable, etc., as
mentioned 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
30 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 iocation; a data siorage element, e.g., for
storing data regarding a received signal, physiological parameter data, medical
record data, etc.; a clock eiement, e.g., for associating a specific time with an
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15 associated, e.g., identifying information, such as but not limited to name, age, treatment record, etc.
In certain aspects, the data of interest include hemodynamic measurements. In certain aspects, the
data of interest include cardiac tissue properties. In certain aspects, the data of interest include various
physiologic MG hErameters, e.g., pressure or volume measuremedSI36&tHE M ire, activity,
respiration rate, pH, etc. As summarized above, the receivers can be configured to have a very
small size. In certain aspects, the desired functionality of the receiver is achieved with one or more

integrated circuifs 4nd ballery. Asosets g IveRtiondielyos tegeiystalualhaue ajeast a

receiver element, e.g., the form of one or 25 more e (such as two Spaced apart electrodes)

and a power géRRTENIBINBIBRFRtMOE. Ch At aRherstinaabier Ay itRyestivechargeable, etc., as
mentioned above. As\sgettsiniCariginaenecisrinthp avergesespioalemaeatdssonyriryg to receive
power wirelessly fro n external location. Additional elements_that may be present in the receiver
include, but are %‘ES’ r%ﬁ?m% e‘lédo o & S|g{r)|a rdgwr%%eda?ar}%% éé%:. ’r%?; (Sj’e808?%e%h%%glrﬁﬁalwehr'ﬁltted from the

pharma-informeRids efaasiée rIertRsy: eelighaataraariebalieny. for sending ia spveERdm the receiver

tohan_ elxte_rnelll l@@@ﬁ@@é@ﬁ@t&ﬁﬁ@;ﬁgﬁ @e.mnﬁ rBe@ivEp D [a&% %?L@ r&ﬁ@rs#m;fasfﬁﬁ%j\&d signal,
p ySIO oglca par meter qata, medical recor a, etc.: CIOCK element, e.qg. raSSOCIatlng a
61 BeneR e AR Sl ORI ree LR 0 2

specific time with &n even?,rsucdﬁ as etgg
coordinating o8&t n#tke ef Wy diffeiteantsiuiicoolsitigichof todreceler. clockagpdctsaotiniplantable

versions of theﬂ&ﬁ@ﬁé\ﬁ%ﬂt\o/%%ﬂ\{ﬁ gehinlogicRlyCoOmBAiRE eTRlORUrRNNE ATR.SENAR electrodes, a
|h r be a primary cell or rechargeable battery, or one that is powered

,which 5 could ei
s gl el e e g S i e AR A el

decode the trafigiaigtethgignal, some storage to record events, a clock, and a way to transmit outside

the body. The clock angl fransihiIncHERaILY MReIFSHRSATPEHS Rs: HRHSds AR deansmitter

could be an RF 10 link or conductive link to move information from local data storage to external data
storage.  FOPRREEO T iR 9 8Ra RN RIBE L A rBEWRAL FAR/ S XTERHYRICBpposed to the
skin, the demontatatsy, wteregepapdrfiowed. T communimaticonthayivee metide ssgor piretormed over
one or mqLe c%gg%m)«a&@, e.g., wires, 15o0ptical fibers, etc. In certain aspects, the same
electrodes are used for receiving and transmitting signals. One mode may be a wristwatch which is

conductively in contdft FHIEIAeATBEFIST IR ove e YSTH IS HE iMFHdnidh tReRVITeVAREn, currents
may be sent owtteeniitols aindziecavedrxydenayistevatchriditvatenavehiah is conductively in

contact with the beody. To move the data from the implant {o the wristwatch,
currents may be sent out the pads and received by the wristwatch. There are a
20 number of RF technigues for facilitating transmission out of the body that may be
employed, such as inductive protocols that use coils. Alternatively, eiectric fields

may be empioyed, using insuiated eiectrodes, for example.
In certain aspects, the components or functional blocks of the present
receivers are present on integrated circuits, where the integrated circuits include
25  a number of distinct functional blocks, i.e., modules. Within a given receiver, at
least some of, e.g., two or more, up te an including ail of, the functional blocks
may be present in a single integrated circuit in the receiver. By singie 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
30 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 iniegrated circuits, which are miniaturized
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20 number of RE techniques for facilitating transmission out of the body that may be employed, such
as inductive protocols that use coils. Alternatively, electric fields may be employed, using insulated
electrodes, for example, In certain aspects, the components or functional blocks of the present
receivers ar® %?é’g%lﬂ OSF?integrated circuits, where the integrated circuits TG 8883 %imber of
distinct functional blocks, i.e., modules. Within a given receiver, at least some of, 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 i”tegé?ett %ﬁi&%ﬁé&t@‘%@ﬂéﬁxﬁi@g'%fclw&}é‘f‘%‘&%ﬁc@ﬁﬂ&%‘#%8§i@éls°fa@%v9ﬁffﬁée”t functional

blocks. As such, the integrated circuit’is a monolithic integrated circuit (also” 30 known as IC,
microcircuit, MRATEYRF SNRVIPEEIP BHEHIRSEr BRPIGHCRIS) it 783 tniniaturized electronic circuit
(which may include sesnisaassctassievicesrasual asmissshramenpanpnisyitatdmsdeen

manufactured iy g syilage ol aiin subsvete of semicanduetor majelilh The iegated circuis o
certain aspects of the present invention may be hybrid intégrated circtiits, which aré miniaturized
electronic &ircAtPYntrheteeLenRIaIvidiNg SRRIEBAJTRYOPRIEIRELC R IR MR B BSERBDmponents,

bonded to a substateuen GitebihboatBlude, A8 ENiBIEdcaReM  therBeeixess, exhibitseliable decoding

of an encodedI %n%l eve int.the gresence of substﬁmtidal. oisfe ar&d a Ié)w SEIR. Tt}jséunctional 5

o emao %a ion, cacclrate |Oy ™ QvEr ead iterdiive decogng, Forward ETor
aspect of the receivers of the invention may be provided via various'sc éhes. omesuch schemes
include, for ex&PRENIGOHERM defrotRisetier e iplitostas ledPseHRIUIATIAT apslieat®Tow overhead

iterative decodipgafeswaed Eonsonestion (iChand raing taneelatighr@dbnasdeagsribed in PCT
applicatio ser?l no. PCT/ 07/ 024225 title | Processi

T ~Active S . | Health 10
Reconerat anHEHR NEVLNBL 19 20070t SO FRIVE AL b Birdled by
reference. Othércrspeivied uf interemdnClinge rocrieees b tmierestl insuteseutiese ok tnitedvO
2006/116715; §0/588 6844 65U 321 cHOBEA, 0 SUBBEA 89,204 VA Z00GK3LBE BN lsclosures

of which are herein incorporated by reference, 15 Meth%j;ljs Various asgﬂects include, for example,
transmitting, vid&3Pih \ibo Bhsit e?,oé)ﬁféﬁ%&%d g?ﬁn '?f%%?l‘i’trgﬁné), iy a%%ogﬁrﬁjﬁctionality

module, communicaticiedftiheeticprale. and receiving, via a receiver, the encoded signal, as
20heretofpye described.
Methods

Various aspects include, for example, iransmitting, via an in vivo
transmitter, an encoded signal; facilitating, via a transbedy functionality moduie,
communication of the signal; and receiving, via a receiver, the encoded signal, as

20  heretofore described.

In one aspect, the method provides characteristics of the encoded signal,
wherein the characteristics optimize power consumption to facilitate the receiver
in at least one of the foliowing. spending maximum time in an inactive mode,
waking up quickly, and waking up during a period of high probability that the

25 transmitter is present.

Further, various aspects may alternatively or optionally include such steps
related 1o beacon functionality such as facilitating, via a beacon functionality
moduie, communication of the encoded signal; facilitating, via a frequency
hopping functionality module, communicatior of the encoded signal; and

30 faciliating, via a collision gvoidance functionality modute, 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 firsi frequency that is
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In one aspect, the method provides 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 tHee 89878 dhsmitter is present.  Further, various aspects %ﬁ@éﬂ%%‘@@y 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, comm ' t C ignal; 30 facilitat] jia.acallisi idance
functionaiity U AR a o (o abd S So ot e AEREL o
example, proviBif§dRsRiafdvakeup functionality; providing beacon signal functionality; generating a
continuous wave, single fiegieeneariareanseviding @ sitst-fraquensay dbairialdifferans freps a data signal
which is at a second.frequency: and modulating the encoded signal. till further, various aspects
may alternativéﬁ/%g?dog)?i%aeﬁPy |r?(¥luh(§)g %Pequ rg%f&éﬁ 0 Pe%oungnﬁr:%qH%%%/in%O %n%ﬁa%ir% ibrrg‘ﬁvdom
frequency hopSaifldradsroies pand transmitted signal.  Further yet, various aspects may

alternatively or optionalhniiclede,sirRs ralptees teeplhginAveidan cersueiiasHERRBNIING, via a first in
vivo transmitter eilnd geé:qiriwoll w v\i,\ép trgcrésmdg er a(grdﬁf%%ﬁﬁ% freﬂ%%n Iries.;an\ll%%u|I§lt1i]n%ﬁlt druty cycle;
retransmitting an"’ci%m‘iy; ha gpr%adcljr"f‘g across é"’l\?r au ncy gpec rum.si Modul};\ﬁnﬁ a (?uty cycle may
include ditherirgpthe dgspagcle sivd dparesioiie) aaiofifjfienjuteriescrrmrsaditiaingt different
freq uencies _m%){/&QM@ﬁs%QM’E?‘]%rEHHH@? Q%‘%d%é&iﬂ&ea@g@ lew@rﬂ?%@»&tmﬂﬁrem '
respectlvel OS|grmlﬂs‘(?g‘ss.ouate((?iﬂwn C%Jfferent fre%enmﬁ}s%are fi teredtby rr%f ective ban (%?ss fillers. 15
Articles ““Va FURR Fs Pl GHeRdBn AR, LERIPRIRY Rt é?@”g storEde fhedium having
instructions, thatwhenfexpaneesby alconsputing piatfdifferessuitsauereiestionayf aengthgs of providing
transbody compunisaYRaIBMPIeYRIpass filtering by different devices wherein respective
signals associaied with different frequencies are filtered by respective band pass
fillers.
15
Articles
Various aspects may include an article, comprising, for example, a storage
medium having instructions, that when executed by a computing platform, result
in execution of a methed of providing transbody communications employing
20  communication channels. The method, for example, may comprise various
steps/combinations of steps such as transmitting, via an in vive transmitter, an
encoded signal; facilitating, via a transbody functionality module, communication
of the signai; and receiving, via a receiver, the encoded signal. Various other

steps are iHustrated heretofore.
ADDITIONAL SYSTEM ASPECTS

in cerfain aspects, the receivers are part of a body associated system or

network of sensors, receivers, and optionally other devices, both internai and

30 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

cutput that includes data about pill ingestion, one or more physiclogical sensed
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10 communication channels. The method, for example, may comprise various steps/combinations of
steps such as 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.
Various oth&%@%“&?@ﬁlustrated heretofore. 25 ADDITIONAL SYSTEMPAEBEEFESS048 ) cortain
aspects, the receivers are part of a body associated system or network of sensors, receivers, and
optionally other devices, both internal and 30 external, which provide a variety of different types of

nformation that 5 HUBAIClkSaeRRd AUYLBraEsARA. A PIOSASSHAUPTL BRaR SYIefRal processor

which then can provide cont out a patient as output. For example that sensor may be a
member of an ##Bod)sRHREIR SPRSIES: WHl%ﬁh@afﬁrBT@Wﬂ@%Jf‘bﬁﬁfi%f‘ﬁ%‘é(f’fﬁé%@& @fta about pill
ingestion, one ¢if @ Eaphyxolegiealrrensee rp@émmepe@sxdamomaahﬁmdmmem@eraaoametc to an

external coIIecB%[r oggb%tdt pgt %te)é:% n%l tl*gcﬁ eg}g&a 0y ;QV%E% ;% C?}I(gna Igivént he work server,

etc., of the data then com Ineés this r élve rovi ata about the
patient, e.§., mﬁ@!’@?ﬁ?ﬁvé‘"&ﬁ]éﬁﬁﬂ@d%&laﬁéc@r&éwéeefﬁgh%éFiﬁ%ﬁ)% aﬂ%@é@?ﬂﬁﬁ@b@ﬁﬁte data to
provide highly spegiftciand contextual patient specific data. Systems of the subject invention

include, in certain asgects eiver and.one or more pharma-informatics enabled actlge agent
te.ﬁ1 e sUbject invention neifide, in certain aspec Ver &
containing composmo S. The pharma- liformatics enabled harmaceutlca compos lon Is an active

agent- 10 contaft§irng mwm@?ﬁhﬁﬁﬂmﬁﬁl@@ﬁﬁf@ é@&bﬁ/ PP cratda e SRMIRORNISBRain aspects,

the compositiomﬁeaﬁwﬁwmmg@ @%Bié@sﬁﬁémﬁhﬁ%@:w%ﬁ{p&ﬁt@m@ an ﬁ@rw‘ragénﬁcts the
composmo s are g%ﬁsma%% dlss%Lve ed erod etc IIOW|n dellvery to a

body, e.g., wa?r?ﬂ 08,5 O%Pca ﬂgea@o el i ﬁ’?é&g% sfeér‘r’ dls'}[% {#hed from
devices that ar@mac@nmi@Jcemmmomg@@edr%matsarvm@tr@ﬁmmmr@i@h hegaidiethtéstinal tract

substantially, et CRMBRIRIRIvsiNAS! hERGARRARIHO RIS iisHies. % digsoRetive

agent/carrier comggonent where both of these com onents are é)resent ina armaceutlcally

acceptable velfieriaqe %8%%%%#?!48"}98%8%}&’ fi n@ ﬁz%?%r %eff@w’a‘%egs WtH@?ﬁiﬁﬂ:ular 20 aspect
and intended agplidagorpoiibticompbiition sepkariy a@theyr@asamm deeiceartted am®) upon contact

with a target PRyAI0AEal AEAtIIbsfel- aﬁ@@ﬁ@&eﬁ%ﬁ%ﬁhm SRUTRIMaRGiAR IggRtifier that

emits a signal when it contacts a target body (i.e.,_physiological) site. In addition or alternatively, the
identifier may 5828l AR of Fﬁﬂtmﬂ@ﬂﬂf&?ﬁ&ﬁf@d%qt%@ﬂggﬁ ‘iated.

an active agent/carrier component, where both of these components are present
in a pharmaceutically acceptable vehicle.
The identifiers of the compositions may vary depending on the particular
20 aspect and infended application of the composition so long as they are activated
{i.e., furned on) upon contact with a iarget physiciogical location, e.g., stomach.
As such, the identifier may be an identifier that emits a signal when it contacis a
target body (i.e., physiological) site. in addition or alternatively, the identifier may
be an identifier that emits a signal when interrogated after it has been activated.
25  The identifier may 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 ideniifier emits a signal once the compesition comes inio
contact with a physiological target site, e.g., as summarized above. For example,
a patient may ingest a pili that, upon contact with the stomach fluids, generaies a
30 detectable signal.
The compositions include an active agent/carrier component. By "active
agent/carrier component” is meant a compaosition, which may be a solid or fluid
(e.q., liquid), which has an amount of aciive agent, €.¢., a dosage, present in a
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25 The identifier may 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 compaosition comes into contact with a physiological target site, e.g., as summarized
above. For S@AME Y Fatient may ingest a pill that, upon contact with th%cgfgﬁ%&ﬁ%ﬂﬁﬂf%, generates a
30detectable 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 gl AR Do AdInsAOS AiEsN AR aIAREHGAIN ASSRRIeRIS caLrer. The

active agent/carrier component ma erred to as a "dosage formulatio "Active agent"
includes any cHHHEEHE 8F AiLARIBIUEMISHARds which produces a physiological result, e.g., a
beneficial or useful resud;supgentomteactids with adivinguadganismi@d slacarapdmals Swaltias a human.

%r& ?rﬁbglr!uceonnttsgcltubncants,

Act o blo £ hicl
S %FSO?}%@%%%%&%E%{@?BE éﬁga%ppéa pﬁ%@gﬂéﬁé}%"& st 5 ctive ’components. The active

binders and other formulating aids, a lating or otherwise p‘ro .
agent maysbe 3 mdIERaISTIRNRBN 8<€ biAdMYHORIoAUSH iy EWrIRRTSTiMAAISEPBle Of

modulating a biieqicalHas essinsactivirgn gdstitjeet vimeestaipsasnectsiibeactivecaggnt may be a
substance useg in the di is, freatment, or prevention of a disease or as. a compopent of a
medication. In %Egr ain %2%2%@8,%%"“58{?\5@ &égrrlsf rﬁg?/e 5o & %ﬁue??nll'é%l %ruBts %rr\'lvésé? ﬁ%@%@vg narcotic or
hallucinogen, WhTRPCAFRISST fieastivrap el Ttyshs ety elrduswrewdhangeding Benéandr 15The active

agent (i.e., drugdsreapattirof itHeracttaganith & araridnm lyippisyRiackddeadarogtikay be a number
of differerlt types, of na[urallx occurrinF(% stgycturis wher targets of interest includ botH intracellular
‘ S

and extra %Ilulglfbtjae%'e .Sl ntﬁ?@? S )? 5 "f%t%%esrf prﬁg p%eol?p%%tfsﬁ%qgi@%ec a9 4R the like,

where proteinsd@nosipartiesiReMitepssprSipativic plotkidEsesas o2 krgetsvpimenttfinelude, without

limitation, enzyigfeish. KiNaeRsirPBISRIAIARE HARRUSHRPE Snsy HROXYBRAASA SsubialRRees and the like,
targets comprising domains invoIvEd In Protein%otein interactions, such as the SH2, SH3, PTB and

PDZ domains, HfUREANBIoEmE’ B3UGRaACH, iﬂi’fE{Ee.?tr?}g?ﬁm@rg‘é@’&ﬁﬁyﬁmﬁ%lobulins, e.g.

IgE, cell adhestansesceptogss saudkhaBas integrins, etc, ion channels, transmembrane pumps,
transcription factors, Hignalie RIGERING NG B kBapanlerarbiaaRgNiea gk Ay include one

or more functional groups necessary for structural interaction with the target, e.qg., g{rou S necessary
for hydrophobitY'R§dFEp#ific, ENECHBIELEBY RRerfc8YTIRRE iﬁ{e@é?i@ﬁé,iﬂ@%%rﬂi?r@a urally

occurring structures, where targets of interest include both intracellular and
extracellular targets. Such targets may be proteins, phospholipids, nucieic acids
and the like, where proteins are of particular interest. Specific proteinaceous

20 targets of interest include, without limitation, enzymes, e.g. kinases,
phosphatases, reductases, cyclooxygenases, proteases and the like, targeis
comprising domains involved in protein-protein interactions, such as the SH2,
SH3, PTB and PDZ domains, structural proteins, e.g. actin, tbulin, etc.,
membrane receptors, immunoglobulins, e.g. IgE, cell adhesion recepiors, such

25 as integrins, etc, ion channels, transmembrane pumps, transcription factors,
signaling proteins, and ihe like.

The active agent (i.e., drug) may include one or more functional groups
necessary for structural inieraction with the target, e.g., groups necessary for
hydrophobic, hydrophilic, electrostatic or even covalent interactions, depending

30 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, hydroghobic-hydrophobic interactions,
electrostatic interactions, etc., and may inciude at least an amine, amide,
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30 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® Zgﬂﬁf?ﬁ?a?f/l, carbonyl, hydroxyl or carboxyl group, such as%ﬁ@i?f’%%g%e functional
chemical groups. Drugs of interest may include cyclical carbon or heterocyclic structures and/or
aromatic or polyaromatic structures substituted with one or more of the 5 above functional groups.

Also of Interest i RRISHD Y5 A oS A Amang biamleciascinclyeing geptides

saccharides, fatty & steroids, purines, pyrimidines, derivatives, structural analogs or combinations
thereof. Such E8IRIRILRhRGMESR bE Adreened to identify those of interest, where a variety of different
screening protocols aredg@iviniariae ady liodihesdoygicaayamdenivestdromoinaiualiyeeccurring or

synthetic Com%%kiﬂr‘?c%}n%%ﬁ ﬁ?@(@ﬂ&%ﬂt&c’éﬂ&%ﬁﬁg YRESH ALSOHCER i%ﬂﬁ#‘g}&%}?ﬁé les of

synthetic or natura example, numerous means are avalla r random and directed

synthesis &f a #EEVAREH H CHPHRR cOIFHOL TR FiRBigrHe| StRiftiesi fEfLBivG TSI ration of

randomized 1anehigpreiciackider-ancholignienisiesicdtemaiveliedibraties eidntuialagspounds in the
form of bacw”ﬁ‘ﬂznﬁ‘é@,“‘& Hk’%‘%tmaegsq g exiragts ale. (;’;HL BIg o readily F&?gjw‘éf‘?ﬁér‘\gf‘."“ona”y’
natural or synthetically produced libraries and compounds aré“readily modified through conventional
chemical, physieah£eMpretisefiasionseissnaadoifantiy iese & bremsbevberamnaidiadibraries.

Known 20 phagnaeelogicadneenisiotay kessuiiaetecike ditected or random chemical modifications,
such as alcéylation, all%lati n, esterification amiaification, etc, to produce structural atga!ogs. As
edr &

such, the drug may be'SbHEd Fath RSibfaR ot nktliafly BeliAihSF e hiRetlc SRS

tfes, including a
library of compsuimeisspeo thriethéyrdigg e 2BInegateri e e sty e of aseorapduingidiiegsity

combinatorial ligranes WhemeRiRing tHiom Séshulidiriiesr e diHgRcieHemp I ayathyil bave
demonstrated some desirable %ctivi%]in aé) a}%)ropriaﬁtla s,creefning assay for the flctivit . Combinatorial
ir

libraries, as wéll'd Bthdas¥d %Po 8N dcr¥8 ﬁﬂsslﬁh %Ovﬁ??clégﬂ?@é Sf W Sre herein

incorporated bgorefergntse. and biomolecules, including the preparation of randomized

15 oligonucieotides and oligopepiides. Alternatively, libraries of natural compounds

in the form of bacterial, fungal, plant and animal extracts are available or readily

produced. Additionally, natural or synthetically produced libraries and compounds

are readily modified through conventional chemical, physical and biochemical

means, and may be used to produce combinatorial libraries. Known

20 pharmacological agents may be subjected 1o directed or random chemical

modifications, such as acylation, alkyiation, esterification, amidification, etc. to

produce structurai analogs.

As such, the drug may be obtained from a library of naturaily occurring or

synthetic molecuies, including a library of compounds produced through

25 combinatorial means, i.e., a compound diversity combinaterial library. 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;

30 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, 5438,119; 5,223,409, the
disclosures of which are herein incorporated by reference.
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Broad categories of active agents of interest include, but are not limited to: cardiovascular agents;
pain-relief agents, e.g., analgesics, anesthetics, anti-inflammatory agents, etc.; nerve-acting agents;
chemotherapeutic (e.g., antineoplastic) agents; etc. 5As summarized above, the compositions of the
invention fuﬁﬁe@fﬁ&ﬂ%@sa pharmaceutically acceptable vehicle (i.e., carr?é‘r?{l@m?ﬁﬁﬁ Harriers and
excipients, such as corn starch or gelatin, lactose, dextrose, sucrose, microcrystalline cellulose, kaolin,
mannitol, dicalcium phosphate, sodium chloride, and alginic acid are of interest. Disintegrators

commonly used in the farrmulalignsc1g £ e ueoUpBRUR ARECRIMENoss: iRcasp/staline

cellulose, corn starch, sodium Starch glycolate and alginic acid. Further details about aspects of
pharma-informe&GReMIRY RgrRateifieclidloRsaStiche majae i dPirF pERlRTy PET application
PCT/US2006/18@ithiited "BiemmadniormaticaS@ystemiand fifethoth&ppbad®; 15.g20a64-as well as
United States ISl icagion Serial Nos. 60/807,060 titled "Acoustic Pharma-Informatics
System" filed (Er% %?ﬁiefg%%%%gé%&ﬂ% titled "Controlled Activation Pharma-Informatics System,"
filed on October 25, 2066 HReF867E BB 1IRICAMRRYIPGT PAABPIRSGHHD SeBERT IN$iltE 6h November

21, 2006; the disgtasidmsiefivhistcaseabereirhntornosteddydefeeneema0 daraersaiamspects the

systems include an. external device which is distinct from.the iver (which ma jmplanted or
topically appliee ‘?} igg)é%ainsgg%peﬁé),% 'iresﬁ#:sﬁe%%rﬁ%i%@ﬁic@%?g\??dé(xs\é gﬁ%ﬁibé@ ﬁoé%gctionalities.

Such an apparaitie@Hpi#EIadelestapaeity BauiatEitaewack ape asn I ETeCEiRTial regulation to

the patient. Sughsaadgvicecsartakeiayeef DRRBENO:feEms BityARcexaniectheaigenee can be
configured to sig?n the bed next to thergatient 9 @ edsidz monitor ther forma}tsr iﬂclude, but are

b
not limited to, B Rg,lgvmegﬂoﬁhg ieusd,eh{fimSeCr‘fl:romrﬁpu rsrfliac{c?.cﬁyhg aicfg\?icce@%ua%sreééﬁ ‘Sut the Information

described in megndivieiiiehgiveplstctaonglohin@ditbject patent application, both from pharmaceutical

ingestion reporting apgdram phygilogigshaensineLaRVvices. speh3a-iadinaresduceskinierally by a
pacemaker device or a dedicated implant for detection ofgﬁeé)ill. The gurigéie of tFe external
apparatus is toob%wﬁged@f?%ﬁ%?Qﬂgiﬁgﬁeﬁ?%d%tof%w xt rng?'a% e! Ohe $BRLGRYYE the external

apparatus is it&abilit§2606vd GRI plitsen Ruioy ke taiwdnpiiesi obygiennfamdafitd inna Agnh 28at can be
transmitted throged) adraRimissipRdpesisgs sushiama trlsniaans-liagri REeMeiadocaiion such as a

clinician or to a central monitoring agency. = Systems of the invention enable a dynamic feedback
and treatment 1089 dt3PAERME ?ﬁgﬁ?cgm%\?ﬁ‘ﬁﬁ XRETEVERY e ailiring tﬁgolﬁes%ﬁéé’%aflherapy. and

titled "Controlled Activation Pharma-informatics System,” filed on October 25,
2006; and 60/866,581 {itled "In-Vivo Transmission Decoder,” filed on November
21, 20086; the disclosures of which are herein incorporated by reference.

20 in certain aspects the systems include an exiernal device which is distinct
from the receiver (which may be implanted or topically applied in certain aspects},
where this exiernal device provides a number of functionalities. Such an
apparatus can include the capacity to provide feedback and appropriate clinical
regulation to the patient. Such a device can take any of a number of forms. By

25  example, the device can be configured 1o sif on the bed next to the patient, e.g., a
pedside monitor. Other formaits include, but are not limited to, PDAs, smart
phones, home computers, etc. Tha 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

30 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 externai device. One feature of the external apparatus
is its ability to provide pharmacologic and physiologic information in a form that
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5 recommending altered dosing based on the physiology and molecular profiles of individual patients.
For example, a symptomatic heart failure patient takes multiple drugs daily, primarily with the goal of
reducing the hearts workload and improving patient quality of life. Mainstays of therapy include
anglotensmvggr?\?@ﬁjﬁﬁ%]@nzyme (ACE) inhibitors, p-blockers and diureticg’ Xﬁ%‘rrsfﬁ ﬂi%ﬁ%ceutlcal
therapy to be effective, it is vital that patients adhere to their prescribed regimen, taking the required
dose at the appropriate time. Multiple studies in the clinical literature demonstrate that more than 50%

of Class 1 nceUh AR RIMESHIENSS e ok ESEi R AL Relics eammendiad sy, and. o

those who are tltrate {)ro riately, only 40-60% adhere to the regimen. With the 15 subject systems,
heart failure paBiERE8 (4RSS ﬁ%ﬁlﬁﬁé&mfcﬁﬁi@rﬁ?m}féﬁ‘d@%ﬁﬁfgﬁﬁ?ea% adherence performance
can be linked to key pinisiatoglicna easuiamenis)da iagikitate Meioptimindticzoidheapyoby physicians.

In certain aspe e AUSIENS LAY HAN AR AR SR NECIO,0RE. R Adayeare o

information that includes sensor data and administrat can combine the
heart rate 5therr%ﬁ@ﬁﬂﬂ%t@tmtﬂﬁ%@a%ﬁgrﬁ'ﬂlé*ﬁpdﬁiés'gi%léﬂﬂﬁg’m%@rﬂﬂli%ﬁs‘?étus and
something abqum@dmaer@mmtsand:dermmpl@ea tephpibnaie meaboubibe tgalastidkesf the subject,

that can be us%d it[o %ener%t% ee/ ng)a?%% 8 2%0 %h 43,30/ c{g‘wtx égﬂ%mg& Qgtgq&e when there

isarisein temperaﬁure oes and resp |ra on speeds up, w |ch may be
employed as aﬁ?ﬂﬁé‘v’@%o@ﬁﬂﬁ*@@ tﬁié‘%ié!r‘s@ﬁ |¥%elﬁ°ﬁ§'%{éﬁ\\/é ny H‘ﬁﬂéﬁ&tm@cﬁ@ tRABCHIRAGHY of calories

the person is kggm@g,@ th@ﬁipﬁ{@ntm@j bﬁﬂ@ig{@ln@bi@bg@@the{@xamm@t@ partigigar rhythmic set
of pulses or multi-axis acceleration data can indicate that a e%son is, walkin p.ase of stairs, and
f She's

from that bhe G TRASCHEGE MR A &PgDaRIPETE e (BiNGIANh SRR A% oy ' measurement
(e.g. from impedeswivethtapicoend adicorisimeduvit dﬂsacak/ﬁ}elram@mgeawrama frdfaligpEombination of

measured biomakeLs aenRlaleIRRINARISALIBe ERbIAanIgs RALOf anieiont loss or

cardiovascular healtr;J)ro gram. This information can be combined with cardiac performance indicators

to get a good pIERIASHS/BRIRME AR, WhiGT YN8 LBR I BREF AMAPIGIRESRRIc A MRehpy
administration tthat®. Wh@aathiéne sspaoy gneielig infindlfé0exadele thaba eagitienld phérenaceutical

correlates it 5, smpLjacIER SRS PRy IPTREFAINE 86 3:01RAR4S K the b leaaRadiqgram. One can

develop a pharmacodynamic model for the metabolism of the drug, and use the information from the
receiver to essBR{RMY fikite REBSHRIEHABIOTRANSE el B8 gf{ﬂé‘?ﬁ*uéﬂ nf6¥e RR¥EIRARE Bstimation of
the levels actuaibapresesits tbeastitdin bbtbptisubitonh dintsetatormatipysomrs. be fed back to dosing

regimes. In another aRegt 06 AN G IOKIANIN A ALY SeusRlas megsyes uterine

contractions (e.g. with a strain gauge’) andthat also monitors eart ra r ,'for use as a high-risk
pregnancy moﬁﬁo@ggregﬁi%@?tﬁff?ﬁ%ﬁ%isthﬁe’rﬁfﬂﬁéét%@&Tl@?ﬁﬁoﬁﬁﬁaﬁgﬁ‘i’ﬁﬁﬁr@%lﬁ&ed using the
systems abtherbrventiapiayreedsansoniie the leatioawyheee ibipicambined, wilhitata from one or

more additional |nq|v %uals cSotgrowde %colle ort1 ]téeOff ngVJ%LCh '3&1%0%919&3'}% 1%%%59 collected

from 2 or more e.g., 5 or more, 1Uor more or more, 50 or Mote, 100°0f More or more, etc.,

individuals. The@weTBbERe eRdadesMatieriers Hatipiiariar. gowkdiios aebBiRIgHS different
criteria, and madg ey aitableds @@@ﬁdﬁ@r@edgfar@@t EYPEiDIehEN tRSe)E - Suchaticat akivRg, health care
practitioner grolrl{ggi.elt‘%n‘ W& Fl%etzh%ﬁg%q}%%alg a rise in temperature, heart rate goes up a bit,
25 and respiration speeds up, which may be employed as an indication that the
person is being active. By calibrating this, the amount of calories the person is
burning at that instant could be determined. In another example, & particular
rhythmic set of pulses or mudti-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
30  wusing. In another aspect, body fat measurement {e.g. from impedance data)
could be combined with an aclivity index generaied from a combination of
measured biomarkers 10 generate a physiological index useful for management

of a weight loss or cardiovascular health program. This information can be
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20 of data may be such as to limit the access of any given group to the type of data that group can
access. For example, data can be collected from 100 different individuals that are suffering from the
same condition and taking the same medication. The data can be processed and em ed to develop
easy to foll oW HFEMAYE FRgarding patient compliance with a pharmaceutu?&i%%’%g%g g/]en and 25
general health. Patient members of the group can access this information and see how their
compliance matches with other patient members of the group, and whether they are enjoying the

benefits that o ’Bﬁé@ %\me{:l %ggpéﬁégﬁ;ﬁggt%&%%c dg%‘tt%r %51 &lﬁﬂrgeogr&}gﬁa‘ﬂ access to a

manipulation of the composite ata to see how their patients p with patients of other 30

doctors, and OBP&W‘U%‘IBF |ﬁ?ﬁrﬁ%ﬁ%®ﬁ%wtfb%%§iw*?@§ﬁﬁ@% %’ﬁ]%‘“ﬁrﬂﬁ’@%%@tlc treatment
regimen. Additiangiduactienattiesheamige: prayvite deiatigegtioaps givenuacceiss taatizeieamposite data,

where such fu nalities.may in I imjt , i tQ . ann at
functionalities %sgg'c%u?%t%/gpﬁv{ﬁeges%égt@q@%%% gE%@E?A%E%%@ E%IA2 &gé%%% RAI@Iﬁ ING In
certain aspect$!¢REOSRENNY HNth&MNAcloRie s 48y R Ent TORSISARGY BAAC 5 edal data BiBrage element,

where this elemipdnsiBrese MO e extrisakaeiaenaiieh asma b@d@mvmqei&@eﬁ&mysomart phone,
etc. Typically, l;[tg1 ﬁata storagte elen}%nt is acom uter r &dgnt%)l%ng diu k{ rm "iqméouter readable

" mod Ve mu uraﬁ] % zmatnon
medium" as use ereln refers to any storage or ransmission me a rticipates in providing

instructions an@ftﬁ*ﬂé@ﬁlﬁﬂhﬂﬁ@ﬁ@ﬁUt@ﬁﬁ@r%ﬁé@&fdﬁ%ﬁ&@br&é&@ﬁlj%%@ﬂﬁl@@ #&torage media

include floppy digsigeRsingtiedanss Cia B@ﬂ}»{leraabgéetd&bcé@ﬁ&b@ﬁ@%%ﬂﬁs@w@mﬁkﬁcuit a
magneto 81é)tlcal disk, or a comLPuter readable ¢ gd such as ;p]PCMCIA card and g\e |Il$e whether or

not such |C§6§n§% R%EFH%? P eSS HEEERB RS X s(t){r?talﬁﬁ\u@eﬁf%?‘% 5% ie’r?ay be "stored"

on computer readaisies mf@tﬂlmhanﬁer@t%torfm@maﬁg récoliihgish imfegnarien sueniat it is
accessible and ret”eM?E’é@t@h%L%@étgaﬂ%b%ﬁj%fﬁﬁé'&ﬁfe Wishrespeokae sipiutRuraadgble media,

"permanent memog ' refers to memoe‘%that IS permanent. Permanent memory is not erased by

termination of thE SR %fufﬂ)eiy S EBH rOF ﬁﬁ'}r&%&{ﬁd é%rﬁpfﬁ%?twgrdﬂ’aﬁ(fe Y (i.,e. ROM
not used as thmaibmemwrwQ@Ii%@tl\nnﬂmpwdeskdaﬁ@r[a\ﬂ@damétmls% excvidplesofgsgomanent

memory. F@”d%a%&%ﬁﬁéw%%hﬁé%‘wbﬂ%% %I?éa%'c?f%ﬂ%%{&?é@ﬁt BEMABYeAle in

permanent memory may be editable and re-writable. The invention also provides computer
executable msﬂh@?ﬂfﬁs PET BiYGratiingPier hRUSFHTIRE th BB Q&R s. X Ufouter
executable 25 rsiractiqosiarelpiesant drea benmmrtpuidadable. mestegoriZccandimglygtie invention

provides a corpie feaiatle MAdMMEQNIALING BTORATTIOR (BhkAe: I Rleding. apd processing a

signal generated by a composition of the invention, e.g., as reviewed above. As such, in certain
aspects the sy§temBaiRThdEurR BEHIBreAHt: PLagifione groups, efc., where the manipulation

20  of data may be such as 1o limit the access of any given group to the type of data
that group can access. For example, data can be collected from 100 different
individuals that are suffering from the same condition and iaking the same
medication. The data can be processed and employed to develop easy to follow
displays regarding paiient compliance with a pharmaceutical dosage regimen and

25 general health. Patient members of the group can access this information and
see how their compliance maiches with other patient members of the group, and
whether they are enjoying the benefils that others are experiencing. In yet
another aspect, doctors can aiso pe granted access {0 a manipulation of the
composite data to see how their patients are maiching up with patients of other

30  doctors, and obtain useful informaiion on how real patienis respond to a given
therapeutic treatment regimen. Additional functionalities can be provided to the
groups given access 10 the composite data, where such functionalities may
inciude, but are not limited fo: ability tc annotate data, chat functionalities,
security privileges, etc.
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30 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 deditib ?wa&rding data to a remote location which provides ﬁﬁf{%}gﬁﬂ fgg?‘gtc. The
above described systems are reviewed in terms of communication between an identifier on a
pharmaceutical composition and a receiver. However, 5 the systems are not so limited. In a broader
sense, the systems are composed of two or more different modules that communicate with each other,
e.g., using the transmitter/receiver functionalities as reviewed above, e.g., using the monopole

transmitter (e.d-CARtERAASERIEMEREBEFAHYNEve. As such, the above identifier elements may
be incorporated into any of a plurality of different devices, 10 e.g., to provide a communications system

between wo self-poyergleuiassin e B WiRie e SalennaLe Aeeen May e sensors, data

receivers and storage elements, eftectors, etc. In an exemplary system, one o devices may be
a sensor ahd the oS B LETMMUNRIBIA h IS RATEIFRIRATIEID ACHRRUIERYERorld. This

inventive aspegtighastakscasiunhenich farms, Tharedkbrandas Mamasenser siakagyragaders and one
receiver. They ggg b [1BNSEENGES so.holi.of hase cATL ol Lugisssaringand ieegiyjno according to

known communication protocdls. Tn certain aspects, the means of communication between the two or
more individuaf#l@orREBIERESIRENE Fa s K3 PT dTgNSEYSRSC AN EL R PRI tRE3Eadpects, each of

these senders piaydae) Gastfiauieed khdQ takeatiinssesnsling ahishdaaHeneysigraldsimghe body using

a monopole pulling charge into and out of the body which is a large capacitqr, a conductor. The
receiver, Smo 58%]8%%@@5\} ?ai%edgﬁedi%H%Cﬁé'tgﬁg?%é’q%éﬁ%ﬂﬁ%”@%%%é%%%ﬁg’a%%acggt of the body
and decoding aislerssiyihredErhal sotggmieshcigiplitadeanoeigkariEidliet. oPrfiregaemeyemodulated

signal. This aspegipidhaRresanhda PLRTRNNAAS AHeRLURRS wWRERX¥aNRlY STiHHeeaNsors can be
placed and implanted on variou%&gg{ts of the bod tha%gﬁsure ositior}ﬂ?r acceleration. Without

having wires c@ﬁ%é%‘ﬁﬂbakooé%)g ﬁ%k; %89”83 %o ROREHAE  HVNAHSH fﬁ%u@% a
communicatiorigieeetitinoni ncdrepwiethsekacabtb e rsatijent invkegorisionogichbans vamteingsmitter is a 30

pharma-informaficsenapledsompesitian ApLisrive-amendaba campogiiongidhg,inyention is
administered to a subject in need of the active a?%ré}%%resent_m the cornzeﬁ]?smon, where "effective

amount” meanSAY&i gl LN FRERSH 5 SPORRILE" frBSURUIPLRAE M HIFIBMERRT a disease
condition or thecsymptoynis@ss petateddie feevitiardrne aecoonplshohent sefabgasretgiivysmlogical
change, etc. Tig amoHM Al s 30 DIABIRG ay-alee e \iewedias i ieianeuigally gffective

amount. A "theraé)eutlcally E\%Secs{ive amount" means the amount that, when administered to a subject
for treating a dREAS19E efficRh MBSO Bt thERY sk and BVD are all

20  examples of permanent memory. Random Access Memory (RAM) is an example
of non-permanent memory. A file in permanent memory may be ediiabie and re-
writabie.

The invention also provides computer executable instructions (i.e.,
programming) for performing the above metheds. The computer executable

25 instructions are present on a computer readable medium. Accordingly, the
invention provides a computer readable medium containing programming for use
in detecting anc processing a signal generated by a composition of the invention,
e.g., as reviewed above.

As such, in certain aspects the systems inciude ong or more of. a data

30 storage element, a data processing element, a data display element, daia
transmission element, a notification mechanism, and a user interface. These
additional clements may be incorporated into the receiver and/or present on an
exiernal device, e.g., & device configured for processing data and making
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5The composition may be administered to the subject using any convenient means capable of
producing the desired result, where the administration route depends, at least in part, on the particular
format of the composition, e.g., as reviewed above. As reviewed above, the compositions can be
formatted intP2UEAER Gf formulations for therapeutic administration, incRfdifG B A ffnited to 10
solid, semi solid or liquid, such as tablets, capsules, powders, granules, ointments, solutions,
suppositories and injections. As such, administration of the compositions can be achieved in various
ways, includingB et mieri; aiah Busealuiceiab ARG BHEARRUADERlIpiRdemal.
transdermal, intracheal, etc., administration. In pharmaceutical dosage forms, a given composition
may 15 be adffffhistered alone or in combination with other pharmaceutically active compounds, e.g.,
which may also be campesiiensdavingisigeairgensatianelementsrsialy associaiestitherewith.

The subject m fin IE tre f a vari f differ nditions, including disease
conditions. Thggslg’egc%#ig %i@ggggegﬁﬁti%ﬂ%ﬁ%%gﬁfg?ég%%\?\}?{ ﬁﬁ%‘%ﬁ%@‘%&mﬁ%@. ions are as varied

as the typés oft R VeldHeRls i cediiebréseRtGAdfessisR dhe SiFRISRIBHS CTMAsseRsease conditions

include, but areagosdimtieddineeandieynsesimadisaasesicalulahrialifesative diseasieg, tdch as
neoplastic dise[gses iﬁu}t_gimmum? cri,tiés[eascﬁ | éhormonal a%no malit% diseases, infectious diseases, pain

management, aﬁﬁsme?lkee.cﬁgﬁg/ featment 1s rheant af [eas g\r/\eamglio'"r%ﬁgnt%? tﬁgns%r%zgtoms

associated withf IHeraitRsalselcoAtRITR A BcENY 2h S L etinGh ereodtnehidrstiin IBUSEVR a broad

sense to refer [g-atilRAMRTSAYGHANID Hhe Maenidecols RARPFEH SO R¥rBRIeR@ssociated with
the patholagical conditionﬁein%treated. As such trea%)ment also incltflfdes sit%?t%pns where the
Y

pathologi& Ico‘:"n%“l’tigjn?roorv K6 ?”ﬁB“s”;&?ﬁB?S&éyéé%fSc gttg"c?%]e%%ﬁﬁ,"gf)éﬂ’gé SYé?ﬁn'Hibited, e.g.
prevented froninsappéningesr giemstichawgradrasnaasdnaychetisansoessabjectensivergenguffers from

the pathologicakgepdiunimanal #asidRe sUMplameiBRtHhG apiesize dhe pethaladieslcrndition.

Accordingly, "treating” or "treatment” of a disease includes preventin%the disease from occurring in an

animal that maybePrédiERs¥ed MR HRREY BhHENS REPGat ¥k SURSRCE B BN S)mptoms of
the disease (ptopghylactideeatneni)his hiiiniy¢chesdest asay(Sewmguoniaerestiogits degedopment),

providing yeliet 4omecthe, sy TSRS RlapifespHisrsAl Bk diseans (ndpdingRallialive ygatment), and

relieving the disease (causing regression of 5the disease). For the purposes of this invention, a
"disease" incluteLPEin®’ MR8, SABLASE s ReANG e AMShIECREBRIRRT P6HRE (RekBA¥Methods.
Generally suclcsuibjectsative "pratoeo&lslor Senminmadizeciswitererthese tefmeareunsedidroadly to

describe organisma Whigh a1 Withig s alassdnagipalias REyAng haLrdrisceryors (e.g., dogs
and cats), rodentia (e.g., mice, guinea
described above. In these aspects, each of these senders may be configured to
20  take turns sending a high frequency signal into the body using a monopole putling
charge into and out of the body which is a large capacitor and a conductor. The
receiver, a monopole receiver is detecting at that frequency the charge going into
and out of the body and decoding an encrypied signal such as an amplitude
modulated signal or frequency modulated signal. This aspect of the present
25 invention has broad uses. For example, muitiple sensors can be placed and
implanted on various parts of the body that measure position or acceleration.
Withoui having wires connecting tc 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
30 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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10 pigs, and rats), and primates (e.g., humans, chimpanzees, and monkeys). In representative
aspects, the subjects will be humans. In certain aspects, the subject methods, as described above,
are methods of managing a disease condition, e.g., over an extended period of time, such as 1 week

or longer, 1At E¥Ryer, 6 months or longer, 1 year or longer, 2 yeaR T SPIEHYEPS years or

longer, etc. The subject methods may be employed in conjunction with one or more additional disease
management protocols, e.g., electrostimulation based protocols in cardiovascular disease

, h ' : ' [zaf] | lifestyle, h adi
anlor exercied g R oL ) oA TR s B e e b S A acss, he

methods inclu8¢RbGIRMIAY: thertiSEARRVHEIN & BHYB PHREBLIBRTFEE ffEhrARBUEGMIFSsitions. For
example, datawhay heiekirirestwbich inelagesciniesamaion abssHspations srarpiancerwih a prescribed
therapeutic re%i,rena%. -rII #'gr ﬁ\é%i\g/ietgsgr without additional physiological data, e.g., obtained using one
or more sensors, such as the sensor devices described 25 above, may be employed, e.g., with
appropriaté decision t661s@BRgEEipEdTEY AfaRE HBIRIATHALIGhS BfiEsEHRIRAgveANYeRaRRENt regimen

should be mairfaiied QibaKsifedbysame MaiRitd Rysnedificatonoamedicalien segimen and/or

implant activity methods of inv ntilPr[) }nclude @thOdS in which a therapeutic
e oSl

r?)%lmen. A? sgcp { 11 icu 1 COMPOSIian, & g
regimen is mogﬁ edqgsa’s% 6 Ei&nB% oBtain&dPROIA §8@8m% ﬁon(@)‘? Wi &Feaif aspects, also
provided are nmetdedofiiateriniagenehigione ofne composition ofahémiematiedwhiera the

composition inglies GniaehilyaiRagNbrandepRtiierelemenuand melanpaseuisaliviaecgptable carrier.
In certain aspects where the identifier emits a si%nal in |response to an interro%ation, the identifier is

interrogatt’ e.§%15y £HR§YFofer SHitabR HietrodARER dSARRYIRS o RIS 2ighE A& obtained
signal is then ennpiosred, teotdimrmisibisitrical andimetiomabdristed, cormpusitadioneof thsource, chain

of custody, etce 4 yBLANIRTAFPESISIBGIR IS dBNLitianis qna.thag Ssiviasisigsstion,the 5 methods

generally include obtaining the signal generation element of the composition, e.g., b)é retrieving it from
a subject that R4SGAy L&A1 sittiFPEAPTGEh SUTEARIMAY IFROTHEIBKY of iBE6Rtposition from
obtained signaégenataticateimen. frarezacupm! whexgdersignal gjeere ratroposléonemiincludes an

engraved identifiet, &g AP AFAE OJSh DREBIHERIHIIGEH NELLY SRdraved jfentfigray be retrieved

from a subject that has ingested the composition and then read to identify at least some aspect of the
history of the cCERARSSIES, Sch WEIEEsdoRT DR HREBPOaHARD AV BSr HeRR 97 IBRain of custody
of the compositiemeanarusfasturendiaadlingréistory, etc. In certain aspects, this determining step may

include accessing a qatahage o ARGIGG0YS I RAMRIRIORLLSIHENSIINIQ" ShesfRpaRpSition.
conditions, including disease conditions. The specific disease conditions freatable

20 by with the subject compositions are as varied as the types of active agents that
can be present in the subject compositions. Thus, disease conditions include, but
are not limited to: cardiovascular diseases, celiular proliferative diseases, such as
neoplastic diseases, autcimmune diseases, hormonal abnormality diseases,
infectious diseases, pain management, and the like.

25 By treatment is meant at least an amelioration of the symptoms associated
with the disease condition afflicting the subject, where ameiioration is used in a
broad sense 1o refer {0 at least a reduction in the magnitude of a parameter, e.g.
symptom, associated with the pathological condition being ireaied. As such,
treatment also includes situations where the pathological condition, or at least

30 symptoms associated therewith, are completely inhibited, e.g. prevenied from
happening, or stopped, e.¢g. terminated, such that the subject no longer suffers
from the pathological condition, or at least the symptoms that characierize the
pathological condition. Accordingly, "treating” or "treaiment” of a disease includes
preventing the disease from occurring in an animal that may be predisposed to
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UTILITY Medical aspects of the present invention provide the clinician an important 20 new tool in their
therapeutic armamentarium: automatic detection and identification of pharmaceutical agents actually
delivered into the body. The applications of this new information device and system are multi-fold.
Applicationﬂﬂcﬂ%@'?g fare not limited to: (1) monitoring patient complid’r%%?ﬁ?*ﬁ?@éﬁbed
therapeutic regimens; (2) tailoring therapeutic regimens based on 25 patient compliance; (3)
monitoring patient compliance in clinical trials; (4) monitoring usage of controlled substances; and the

like. Each of these.d i ti licati IS reviewed.i detal in.copending
PCT AppIicatigﬁgsg%g%%o%gqﬁ%sé%ggﬁ Qgg%%&t%e ?lls%\l‘/ﬁ%tre% gf%v?éﬁgﬁ i%gaﬁé)e?n@%%%porated by
reference. AddifGREY BEpfc IR M whiCRIBguBEct AsRa%Rrs(30YiRE ulk AERR¥BIbUSare not limited
to: United StatgsveropisipinalAppdicatiendsenal MessaaM6+4y 80 didediiBaseivers Beease

Reconvers. an HE AR T A8 h e bR b B s SRR LR eRTRET. oot fea on
July 11, 2007, iredifsariufes BRINERIBSHIAIORY I ThcbigsraRed IetelpiAieéference. KITS 5

Also provided are kitg fopfgclitingsikesubiecisaeihedscddisinayinabideReatoneiasggeceivers of the
invention, as d scribq[% abqve. In addition, the kit%,may include”grr]le o more d%stag%scgrrgpositions,
|

aener SUc S are "Mmammals’”. or mﬁmm where thes
e.g., pharma-in ormgt S enaBFeéFaosage compositions. e c?osage amount or the one or more

pharmacologice$erd bpents ieovieraiing sokemspheviisficRiat ftninsiiglCagpliomomaicior multiple

applications. AgeiglpiveinaerRRRRPE IR §f R RUBIRCEKILS actibgie dogagri@NguRkef a
pharmacological agent is sen(% and ir} certain other aspe%s multi%;le dos(? e a%éount of a

r
pharmacoll gicgpgggﬁg nﬁ% béi'f) eRLRE ﬁsa(ﬁi‘g'lnh 1028 aspEliPnA ?r?g ?‘rrfultlpPéI d@&’g famounts of
pharmacologic@sesartasve R IBainyises poiektiget e Awingle. container, e.g., a single tube, bottle, vial,

and the like, or one qp @M@iﬁ%%?%s@%@d&é@%&ﬁd@&“&gl@&m@@&@&:@r&%&% tain kits may
have more than one container of a pharmacological agent. Suitable means for delivering one or

more pharmacBﬁé@?@éﬂﬁ&?\@%aﬁeswggpﬁ% =|§8%5@Br%9ﬁi@&%8@%?é8mﬁﬁ% ?J%\ilticular delivery

means week or longer, 1 month or longer, & months or longer, 1 year or longer, 2 years

15 or longer, 5 years or longer, etc. The subject methods may be employed in
conjunction with one or more additional disease management protocols, e.g.,
electrostimulation based protocols in cardiovascuiar disease management, such
as pacing protocols, cardiac resynchronization protocols, etc; lifestyle, such a diet
and/or exercise regimens for a variety of different disease conditions; etc.

20 in certain aspects, the methods inciude modulating a therapeutic regimen
based data obtained from the compositions. For example, data may be obtzined
which includes information aboul patient compliance with a prescribed
therapeutic regimen. This data, with or without additional physiological data, e.g.,
obtained using one or more sensors, such as the sensor devices described

25 above, may be employed, e.g., with appropriate decision toois as desired, to
make deferminaticns of whether a given treatment regimen should be maintained
or modified in some way, e.g., by modification of a medication regimen and/or
impiant activity regimen. As such, methods of invention include methods in which
a therapeutic regimen s modified based on signals obtained from the

30 composition{s).

In certain aspects, also provided are methods of determining the history of
a compasition of the invention, where the composition includes an active agent,
an identifier element and a pharmaceutically acceptable carrier. In cerain
aspects where the identifier emits a signal in response to an interrogation, the
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20 provided in a kit is dictated by the particular pharmacological agent employed, as describe above,
e.g., the particular form of the agent such as whether the pharmacological agent is formulated into
preparations in solid, semi solid, liquid or gaseous forms, such as tablets, capsules, powders,
granules, oA &@Atd"861dtions, suppositories, injections, inhalants and aé‘%gfs%"% & like, and the
25 particular mode of administration of the agent, e.g., whether oral, buccal, rectal, parenteral,
intraperitoneal, intradermal, transdermal, intracheal, etc. Accordingly, certain systems may include a

suppository aRBQRﬁﬁ%F’@XBH%%\ﬂ%t\eé; ggg% ag}dat Ing ’o‘?'Se@‘é?%ﬁltSiB?e ‘Rtﬁﬁnﬁ%ﬂﬁgﬁe&% fae kits may also

include an external monitor device, 30°€.g., as described above, whic provide for communication
with a remote RRiatoR, ¥4 ala HortePibrits arebifrigacampiened imieRieBEAs iR cesses data

obtained abouirfaemisagebblhthe@MPOSHIRN, o.0.|ROGHAIRIRSPOCIHBEKIEBcMayY include a smart
parenteral delivery system rovi cific identification tection of parenteral beneficial
Wvel o‘iﬁgias%e qgﬁqﬁ@f% &%I@Sm; & z%ong?lgﬁﬂ? Piyas @’ggms%bf 8

agents or beneficial ad’ents eninto the body through other methods, for e gi rough the use
of a syring®, inRaleedsr agheraievicsiuiat A8iAINRIeSIelIeR eJ8TRIFER derRBEd #h dbPending
application seriahitdshR812. ¢50;dhergisslastire ofyvhich isdmpsein ingomey alegbbisefgrence. SThe
subject kits may also i{nclude in%trucéions for hovr\{ t%g actic§ %he subject metfhods %§ir}%éhe

me[)&%l Iﬁlﬂ, and.fthen determining the OI&Y of the c?m osItion Trom o EH
components o theRit. Thednstructions may e recorded on a suitable recording medium or substrate.
For example, thienasgeceEtsmalphenbrintscespmpsubshene tkeichioasg! pegnaraligslaigaasic. As such, the

instructions MaychedyeseiigHiediacsRNaska0s nSRE. i RALGHBOPTdShihe conainer of the kit

ts th f(.e., iat ith th kagi b-packaging) etc. In aoth ts, th
nstructiont aré HECEA e Slo R (SRt e br Aot oi 2l < AL CObUE reodable.

storage mediun®negsiG-RENhefisicatieiostteniiy et brhelr sEpeaspeheddhaahisistucfidng are not
present in the kil MGAREEATRARINRBWRE REHAIORS IRIRR S SAD ISP ERa iR 81 Via the

internet, are provided. An example of this aspect is a kit that includes a web address where the
instructions caﬁuﬁ@gﬂe\%&%&/@?‘ﬁ%ﬁ'@(}hi PIHEARS R ctiBRROLRs PP RiGddY. RE®th the
instructions, thispreanshierdsdaimmgptiste msteyctichsles acoersied ardat Suatebby subitgates Some or all

components ofcg%ﬁgtlp(ﬁcgfIg{grg&a};ﬁg?grp%lgﬁg%grj{{bgg;@@_le 20 packaging to maintain sterility. In

many aspects of the subject kits, the components of the kit are packaged in a kit containment element
to make a single, easily handled unit, where the kit containment element, e.g., box or analogous
structure, may grimray not be an airtight container, e.g., to further preserve the sterility of some or all of
the components of the kit.
Medical aspects of the present invention provide the clinician an important
20 new tool in their therapeutic armamentarium: automatic detection and
identification of pharmaceutical agents actually delivered into the body. The
applications of this new information device and system are multi-foid.
Applications include, but are not limited to: {1) monitoring patient compliance with
prescrived therapeutic regimens; (2) tailoring therapeutic regimens based on
25 patient compliance; (3) monitoring patient compliance in clinical frials; (4)
monitoring usage of controlled sudstances, and the like. Each of these different
illustrative applications is reviewed in greater detail beiow in copending PCT
Application Serial No. PCT/US2006/ 016370; the disclosure of which is herein
incorporated by reference. Additional applications in which the subject receivers
30 find use include, but are not limited to; United States provisional Appiication
Serial Nos: 60/887,780 titled "Receivers For Pharma-Informatics Systems," and
filed on February 1, 2007; 80/956,694 titled "Personal Health Receivers,” and
fiied on August 18, 2007 and 60/949,223 ftitled "Ingestible Event Marker,” and
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25 30 It is to be understood that this invention is not limited to particular aspects described, as
such may vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular aspects only, and is not intended to be limiting, since the scope of the present
invention wif B&1HEd Bonly by the appended claims.  Where a rangedf VHtELT $ovided, it is
understood that each intervening value, to the tenth of the unit of the lower limit unless the context
clearly dictates otherwise, between the upper and lower limit of that range and any other stated 10 or

intervening valmgdnom%gqtﬁdé&memlg q@gbm?sgdmm{na%ﬁigﬁﬁgﬂgQﬁeﬂngowg{e?nd lower limits
of these smaller ranges may independently be included in the smaller ranges and are also
encompassed UERiIM Rk ERURIEon, subject to any specifically excluded limit in the stated range. Where
the stated range includes one or both of the limits, ranges excluding either or both of those 15included
limits are also i;gigJéJded in the invention. Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this fnvention belongs. Although any methods and materials similar 20 or equivalent to those

described herein canalsploRitised i khe pragtiescoiglesisgupidhamaresrnkiny aRfjoRciRyesentative

illustrative methods and materials ar(? {E“OW g/eﬁgribegg @élsgyggg%@nc% qndaa%%ﬁie%\!{:stﬁgq(qtén this

DY one of more feceivers of the invention, ove. i
specification are Rl 11 INCorporated %y reference as It each Individual publication or patent were

specifically andnidioiiss oA dicates Eobesn corpRRsitisnd e refarbAtaantPEraline 6fssYated herein by

reference to digglpsR ABFhEESESIRE the ethgesApMAr NS 6 GasrRestaMatioyRieh the
publications are cited. The citation of ang gubli%’;\tioré@ for its iscloeret.grior tP the ﬁ'lir]g date and
J 1 ISJ ical 0

should no%Qoe @(939%@8"@8 Oh '%\td%% A 2SI BRNGH S rtllg{enrtiEPéJ 'B"antedate such
publication by wipplieadibpgiohénosiin@y. PurtheinthengateSbffsublivitonisrevitrdiensigpate different from

the actual publigatign dates waish:RRLRaeGIRACIINdRRRAGMY FORBFARother aspects
muitipte dosage amounts of a pharmacological agent may be present in a kit. in
those aspects having multiple dosage amounts of pharmacoiogical agent, such
15 may be packaged in a single container, e.g., a single tube, bottle, vial, and the
liike, or one or more dosage amounts may be individually packaged such that
certain kits may have more than one container of a pharmacological agent.
Suitable means for delivering one or more pharmacological agenis 1o a
subject may aisc be provided in a subject kit. The particuiar delivery means
20  provided in g kit is dictated by the particular pharmacoiogical agent employed, as
describe above, e.g., the particular form of the agent such as whether the
pharmacological agent is formulated inio preparations in solid, semi solid, iiquid
or gaseous forms, such as tableis, capsules, powders, granules, ointments,
solutions, suppositories, injections, inhatants and aerosols, and the like, and the
25 particular mode of administration of the agent, e.g., whether oral, buccal, rectal,
parenteral, intraperitoneal, intradermal, transdermal, intracheal, etc. Accordingly,
certain systems may include a suppository applicator, syringe, LV. bag and
tubing, electrode, eic,
In certain aspects, the kits may also inciude an external monitor davice,
30 e.g., as described above, which may provide for communication with a remote
iocation, e.g., a docter's office, a central facility etc., which obtains and processes
data obtained apout 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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It is noted that, as used herein and in the appended claims, the singular forms "a", "an", and "the"
include plural referents unless the context clearly dictates otherwise. It is further noted that the claims
may be drafted to exclude any optional element. As such, this statement is intended to serve as
antecedent BEREI® (e of such exclusive terminology as "solely," "onlAAFIEREEH connection
with the recitation of claim elements, or use of a "negative" limitation. As will be apparent to those of
skill in the art upon reading this disclosure, 10 each of the individual aspects described and illustrated

herein has cisqiel SERPGRIS. 08 (Rie S uhieh AN B safly SeRLaLedHra. gogombined with

the features of any of the otter several aspects withou arting from the Scope or spirit of the
present inventiGfPyeRyife difedan@ G ean B CarPe @BaE Frie dhdé RaMiNisiars reefEMmer in any other

order which is ipgicallydpessiele irl bopenditfaugiidchefosegaing inestmnitasHeegscirsesibed in some
detail by way ogfiu}%?tﬁaiti%ré '%pnd. {(Iaxoarmﬁ%g Jg% urposes of clarity of understanding, itis 20 readily
apparent to those ofcorainary skit i e are Ilgﬁt of the teachings of this invention that certain
changes ahd modifichfioris/prs) isniade HeretocihonsWegiatih darormwhiospificinesdvhe of the

appended claimg 2@ AR YsiHie BEccomngraskelyrilnstratesrine pancRIsssoHihe wention. It will
Ehe art w%l be abée to devis v?rious rran%aeén nts which, although

be appreciatedéggrt those skiII%ditiré ; ( t
it 2ine %%yrﬂ? ]Brr]?nc{ff)lésg o% rt'ﬁg'invgrntl% H ’arg?ncluded within

not explicitly déscngg S''showh A rein, &
its spirit and sdbpiEigiarhaiidie phlliesamplesardiconditictiob ey oagRstciteld. Hersittare principally

30 intended togid;fhg rarder iy Rdessigading enEnciplenoidbe inventienanddamgarcepts
contributed by @ee inventor férg_therincgzythe art,%aia%l gg;{to be construed as being without limitation to

t : X )
such spedfficall rgeﬂ@tﬁf‘g&%%? tSh & LRAATN U8r, ZPEREN S RERITIRURNg principles,

aspects, and aspects pfttainyestionlasoell asspesifitexesipletohe reef, mrsdnteasezhto
electronic storage data file present on a suitable computer readabie storage
medium, e.g. CD-ROM, disketie, eic. In yet other aspects, the actuai instructions
are not present in the kit, but means for obiaining the instructions from a remote
iS5 source, e.g. via the internet, are provided. An example of this aspect is a kit that
includes a web address where the instructions can be viewed and/or from which
the instructions can be downicaded. As with the instructions, this means for
obtaining the instructions is recorded on a suitable substrate.
Some or all components of the subject kits may be packaged in suliable
20 packaging to maintain sterility. In many aspecits of the subject kits, the
components of the kit are packaged in a kit coniainment element 1o make a
single, easily handled unit, where the kit containment element, e.g., box or
analogous sfructure, may or may not be an airtight container, e.g., 10 further
preserve the steriiity of some or all of the components of the kit.

30
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encompass both structural and functional equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents and equivalents developed in the future, i.e., any
elements developed that perform the same function, regardless of structure. The scope of the present
invention, 5 Y& €30t intended to be limited to the exemplary aspet&d & EMftescribed
herein. Rather, the scope and spirit of present invention is embodied by the appended claims. WHAT
IS CLAIMED IS: 1. A system comprising: an in vivo transmitter to transmit an encoded signal; 5a

ransbody functionaliy,0iacke JadaqUlate OMTMNIEAIION oL Ahsedsd sianal. andp ecelver to
pm

. , a?gects. )
receive the encoded signal; wherein the receiver comprises a wake odule 1o periodically wake

up the receive CREFIPESIESpSHIGIBRY ¥FNst dnisrglpedadmptrpisieetdhal deteiABaA0dransmitted

encoded signalgstingraifinst peries pyiemi nivbetide sesaiial detapiscthetiansmitiecha@ncoded signal
during the first.period, the receiver transitions to a second energy,consumptio ocjie. hat is greater
than the first e LELS RN U AP R Ere S e PR B Bt Sl e
transmitted en€BHERY ShgraprRIMieY thaiigst period, the receiver transitions back to 15the sleep mode.
2. The system of claim 1, wherein the transbody functionality module is selected from the group

consisting essentially ,0f a beacon functionality module, a frequency happing functionality module, and
a collision avoidance u“ﬁéﬁ@n%’i}?ﬁ o) va‘ues is prov%ede, it 1s understood %Peﬁ ech intervenin
value, 10 the tenth of the unit of the lower limit uniess the context clearly dictates

otherwise, between the upper and lower limit of that range and any other staied
10 or infervening value in that stated range, is encompassed within the invention,

The upper and lower fimits of these smaller ranges may independently be

included in the smalier ranges and are also encompassad within the invention,

subject to any specifically excluded fimit in the stated range. Where the stated

range includes one or both of the limits, ranges excluding either or both of those
15 included limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commoniy understood by one of ordinary skill in the
art to which this invention belongs. Aithough any methods and materials similar

20  or eguivalent to those described herein can also be used in the practice or testing
of the present invention, representative illustrative methods and materials are
now described.

All publications and patenis cited in this specification are herein

25 incorporated by reference as if each individual publication or patent were

specifically and individually indicated to be incorporated by reference and are

incorporated herein by reference 1o 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 1o the filing date and should not be construed

30 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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20 module. 3. The system of claim 2, wherein the beacon functionality module comprises at least
one element selected from the group consisting essentially of: a beacon wakeup module to provide
beacon wakeup functionality; 25a beacon signal module to provide beacon signal functionality;

a wave / fre§(feA?R18Udle to provide a continuous wave and a single fretftEHEFIBHES S multiple
frequency module to provide multiple frequencies; and a modulated signal module to
provide at least one modulated 30encoded signal. 4. The system of claim 3, wherein a frequency

ratio of a beacon and,data channel is invarjant to frequengcy error in.an ingestible event marker system
to provide additionaldlatsigur}(gﬁc@erﬁ?ﬁd%?elé%%crl]a}?)?; & 8Rcdde s?gﬁ’ﬁgnded ngF]Se g‘fs%ﬁgtéﬁrclaim 3,

wherein the fré§t@acihoi@iingefthctishaliglyde delle doraisrients almotﬁern@mﬁ%tt@\@ﬂfwde_ random
frequency hopsgigfdaffeywianddiangmisiesoriandlt the cRiMdieayHemofisipinaxcliberein the

llisi id f ional I ri t least I t selected f th
consisting csseniay Bre Bt SR RS RS bk B4 906 BeATFFanamiting at

a 5 basis for use of such exclusive terminology as “solely,” “only” and the like in
connection with the recitation of claim elements, or use of a “negative” limitation.

As will be apparent to those of skill in the art upon reading this disclosure,
10 each of the individual aspects described and illustrated herein has discrete
components and features which may be readily separated from or combined with
the features of any of the other several aspects without departing from the scope
or spirit of the present invention. Any recited method can be carried out in the
order of events recited or in any other order which is logically possible.
I5

Although the foregeing invention has been described in some detail by

way of illustration and example for purposes of clarity of understanding, it is

20 readily apparent to those of ordinary skill in the art in light of the teachings of this

invention that certain changes and modifications may be made thereto without
departing from the spirit or scope of the appended claims.

25 Accordingly, the preceding merely illustrates the principles of the invention.
It will be appreciated that those skilled in the art will be able 1o devise various
arrangements which, although not explicitly described or shown herein, embody
the principles of the invention and are included within its spirii and scope.
Furthermore, all exampies and conditional language recited herein are principally

30  intended 10 aid the reader in understanding the principles of the invention and the
concepts coniributed 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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5first frequency and a second in vivo transmitter transmitting at a second frequency module; a
duty cycle modulation module to provide duty cycle modulation functionality; a retransmit
randomization module to provide random retransmittals; and 10a spread spectrum module to provide
spread spechtirfttR@iCAality. 7. The system of claim 6, wherein thef§U#F E3OfEIBHulation
module includes a dithering module to dither a duty cycle and frequency spread module to spread the
transmissions among multiple frequencies. 15 8. The system of claim 6, wherein the transmitter

modules compyizes  0u'igle band naes e odule o provide fuliple bandpass ftering by
different devices whereimn respective encoded signals are fitered by respective band pass filters. 20

9. A method coMifsiHghEassaTItReGIMARER INGES tRATRreiteNlin Wittt asigigians andacilitating, via
a transbody fuegtiaadis raedslthepmmenicatien of thewsiarateArd Rtseeivingalviaadigseiver, the
encoded signa{he same function, regardless of siructure. The scope of the present invention,
5 therefore, is not intended to be limited to the exemplary aspects shown and
described herein. Rather, the scope and spirit of present invention is embaodied
by the appended claims.
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wherein receiving the encoded signal by the receiver further comprises: periodically waking up
the receiver from a sleep mode to a first energy consumption mode to detect the transmitted encoded
signal during a first period, wherein when the receiver detects the transmitted encoded signal during
30 the first period, transitioning the receiver to a second energy consumption mode that is greater than
the first eneliiy£Drssomptiem imode, and wherein when the receiver does not detect the transmitted
encoded signal during the first period, transitioning the receiver back to the sleep mode. 10. The
method of claim 9, further comprising: providing characteristics of the encoded signal, wherein
the characteristics bptimiZe peien aomspngitign to facilitate the receiver in at least one of the following:
spending maximum time in an inacti e vgfé{n u ic§l . waking up during a period of
high probability that the %’r'é’r?s{r]ﬁ gﬁlli\s(%{gggﬁn {kfgﬁegr%%e%ﬁg g@%?m 9, wherein the facilitating, via
a transbbody functianatitynsiookiye, fooctinoaligtioncafitee §igniaiidatprisesraniadstatios off the
facilitating, vé%&gggcsqnggtncti%ality module, communication of the encoded signal; 5facilitating, via a
frequency hopping unguon’aﬁ{g/ module,

a receiver to receive the encoded signal,

wherein the receiver comprises a wake up module to periodically wake up

the receiver from a sleep mode to a first energy consumption mode 1o detect the

10 transmitted encoded signal during a first period, wherein when the receiver
detects the transmitted encoded signal during the first period, the receiver
transitions to a second energy consumption mode that is greater than the first
energy consumption mode, and wherein when the receiver does not detect the
transmitted encoded signal during the first period, the receiver transitions back to

15  the sleep mode.

2. The system of claim 1, wherein the transbody functionality module is
selected from the group consisting essentially of a beacon functionality module, a
frequency hopping functionality module, and a collision avoidance functionality

20 module.

3. The system of claim 2, wherein the beacon functionality module
comprises at least one element selected from the group consisting essentially of:
a beacon wakeup moduie to provide beacon wakeup functionality;
25 a beacon signal module to provide beacon signal functionality;
a wave / frequency module to provide 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

30  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.
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communication of the encoded signal; and facilitating, via a collision avoidance functionality
module, communication of the encoded signal. 1012. The method of claim 11, wherein the facilitating,
via a beacon functionality module communication of the signal comprises at least one of: providing
beacon wakeup functionality; providing beacon signal functionality; generating a continuous wave,
single frequency tame; 1Bpreyishen cofirstiraqde ndyatteat ishaiffreentenoy hagimmgidnativnelitis at a
fsec_c.’”d. frealens neaggm'%?%%g“é‘%ﬁ% SCRdeH MIRRl rovide LinHiE MR @ég'%@ 1yyvperein the
acilitating, via'a frequency opping tunctionality module, communication'o encoded signal
comprises gesrecatibgmdridamsidtpebsignalops 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
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25at 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 30spreading 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. 16.
The method of claith 14 hehsystarthefratsmitBingvabdifferdnt otlisenciesadamresdésrnuivndiig multiple

band pass filter(?%?y differrlent dey%es wherein es ecttive ano%ef Si n@]ls are filtered b?%ﬁ)%%ective
band pass filersy 51 7o Hietng ?ac?gir%r@ineae A of & FRachine: reatabl8 madiG'e ying a
set of instruettsesiady, wfhen executed by a machine, causes the machine to perform the method of
claim 8. 18. An article, comprisin :%IO storage medium having instructions, that when executed by a
computing platiorn® 1SSt dEaRaIP ok FIBNER A1 Doy LRSS ok AR 5
5 first frequency and a second in vivo ftransmitter transmitting at a second
frequency module;
a duty cycle modulation module to provide duty cycle modulation
functionality;
a refransmit randomization module to provide random retransmitials; and

10 a spread spectrum module to provide spread spectrum functionality.

7. The system of claim 6, wherein the duty cycle modulation module
inciudes a dithering module to dither a duty cycle and frequency spread module

to spread the transmissions among multiple frequencies.

15
8. The system of claim 6, wherein the transmitter modules comprises a
multiple band pass filter module to provide muitiple band pass filtering by different
devices wherein respective encoded signals are filtered by respective band pass
filters.
20
9. A method comprising:
transmitting, via an in vivo transmitter, an encoded signal;
facilitating, via a fransbody functionality module, communication of the
signal; and
25 receiving, via a receiver, the encoded signal;

wherein receiving the encoded signal by the receiver further comprises:
periodically waking up the receiver from a sleep mode to a first
energy consumption mode to detect the transmitted encoded signal during a first
period, wherein when the receiver detects the transmitted encoded signal during
30  the first period, transitioning the receiver to a second energy consumption mode
that is greater than the first energy consumption mode, and wherein when the
receiver does not detect the fransmitted encoded signal during the first period,

transitioning the receiver back 1o the sleep mode.
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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
15the signal; and receiving, via a receiver, the encoded signal wherein receiving the encoded
signal by the receiver further comprises: periodically waking up the receiver from a sleep mode to a
20 first energy con$Gmiptiemmeditedtofdeteet theurdramittegrisingded signal during a first period,
wherein when the receiver detgcts th%tran%mitt{ad encpdt%d signal ug’n the ﬁirstmﬁ,]eriod tr&nsitioning

: braviding - charactenstics "o € code igna ereil the .
the receiver to a second energy consumption mode that Is greater than thé first energy constmption
mode, and wharattasibosthmptiaciey graloes oot sietgoiichet Staaitibabtdicke repaledrsignatl teagtg the first
period, tran%igong)g%ﬁgefcr;ﬁ%%%er,basck to me %eae)pmm%jeii 1g.iThaena§rtic!§i\(l)f crlﬁelci) e18 Ltﬂ(ritheru
comprising: pr8w ing characteHStic?gp%egencodechigna , wWheTain the CRaracteristics 5b o%timize
power consumipkiiyn tnfbeikteteytive réceng mirpatiteh sif drigohbiiod Abliityitiga tsihen tiagsméitiemism time in
an inactive mode, \(vaking up quickly, and waking up during a period of high probability that the

. presént,

transmitter i8 present.
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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; 5facilitating, via a frequency hopping functionality
module, communication of the encoded signal; and facilitating, via a collision avoidance

functionality modul&] conimeimcatiod obthel@intolledvbigreah 1621fabiéislisignmvid caitrabsidirein the
wansmiteer yanspls e caseried siansl Reindicaliavers second anonyi sldnal repgtiton period,
& h 1 Paignal répet c

wherein the irSt period’is’ longer than the second transmit'signal repetition period such that the
receiver detects at least diaeilitatisgitte 2 beated Sigradiconaiitg thedilst penvdubicatior?df Fiee system
of claim 1, W'?%&%%H@é% smitter transmits the encoded signal periodically over a second transmit
signal repetﬁlon perlool, wherein the first period is shorter than the second transmit signal repetition

period. 20 23. The méetmiiitatirgaimvs fuethefreqoemisingogmsngttirfy rintitretigns mitkduleansmits

j[he encodeocl: g{ﬂpnad &%g%)l(?l?c%wh%vgEgo%%%ogéﬁrg\ngw&S|gnal repetition peno_d, wherein the first period
is longer than the second transmit signal repetition period such that the receiver detects at least one

transmitted facilitating, via a collision avoidance functionality module,

communication of the encoded signal.

10 12. The method of claim 11, wherein the facilitating, via a beacon
functionality module communication of the signal comprises at least one of:
providing beacon wakeup functionality;
providing beacon signal functionality;
generating a continuous wave, singie frequency tone;
15 providing a first frequency that is different from a data signal which is at a
second frequency; and

modulating the encoded signal.

13. The method of claim 11, wherein the facilitating, via a frequency
20 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
25 atleastone 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

30 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 freguencies.
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25encoded signal during the first period. 24. The method of claim 9, further comprising
transmitting by the transmitter the encoded signal periodically over a second transmit signal repetition
period, wherein the first period is shorter than the second transmit 30signal repetition period. 25.
The article of claim 18, wherein the method further comprises transmitting by the transmitter transmits
the encoded signali peridtiealipasior a sk cdaitrahdmimbigreihrefpetitivarpenivingvhet eidiffeesfitst period

is longer than the nd transmit signal repetitj efi t [ o ast one
ranmited LRSE0s S eSl T N oL b B e e LA 57 ST b
further comprise=Btraspmitiive dyctdetiaignateath dlterestby sigpeatesiddiodllyasedil®second
transmit signal repetition period, wherein the first period is shorter than the second transmit signal
repetition period.

5 17. The method of claim 9 in a form of a machine-readable medium

embodying a set of instructions that, when executed by a machine, causes the

machine to perform the method of claim 8.

18. An article, comprising:

10 a storage medium having instructions, that when executed by a computing
platform, result in execution of a method 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

15  the signal; and

receiving, via a receiver, the encoded signal
wherein receiving the encoded signal by the receiver further
comprises:
periodically waking up the receiver from a sleep mode to a
20 first energy consumption mode to detect the transmitted encoded signal
during a first period, wherein when the receiver detects the transmitted
encoded signal during the first period, transitioning the receiver to a
second energy consumption mode that is greater than the first energy
consumption mode, and wherein when the receiver does not detect the
25 transmitted encoded signal during the first period, transitioning the receiver

back to the sleep mode.

19. The article of claim 18, further comprising:
providing characteristics of the encoded signal, wherein the characteristics
30 optimize power consumption to facilitate the receiver in at least one of the
following: spending maximum fime 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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20. The article of claim 18, wherein the facilifating, 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 coliision avoidance functionality module,

communication of the encoded signal.

21.  The system of claim 1, wherein the transmitter transmits the
encoded signal periodically over a second transmit signal repetition period,
wherein the first period is longer than the second transmit signal repetition period
such that the receiver detects at least one transmitted encoded signal during the

first period.

22.  The system of claim 1, wherein the transmitter transmits the
encoded signal periodically over a second transmit signal repetition period,
wherein the first period is shorter than the second transmit signal repetition

period.

23. The method of claim 9, further comprising transmitting by the
transmitter transmits the encoded signal periodically over a second transmit
signal repetition period, wherein the first period is longer than the second transmit
signal repetition period such that the receiver detects at least one transmitted

encoded signal during the first period.

24,  The method of claim 9, further comprising transmitting by the
transmitter the encoded signal periodically over a second transmit signal
repetition period, wherein the first period is shorter than the second transmit

signal repetition period.

25. The article of claim 18, wherein the method further comprises
transmitting by the transmitter transmits the encoded signal periodically over a

second transmit signal repetition period, wherein the first period is longer than the
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second transmit signal repetition period such that the receiver detecis at least

one transmitted encoded signal during the first period.

26. The article of claim 18, wherein the method further comprises
transmitting by the transmitter the encoded signal periodically over a second

transmit signal repetition period, wherein the first period is shorter than the

second transmit signal repetition period.
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