TRANSBODY COMMUNICATION SYSTEMS EMPLOYING COMMUNICATION CHANNELS
CROSS-REFERENCE TO RELATED APPLICATIONS 5 Pursuant to 35 U.S.C. g 119 (e), this
application claims priority to the filing dates of the United States Provisional Patent Application Serial
Nos.: 60/990,562 filed November 27, 2007; 60/990,567 filed November 27, 2007 and 60/990,572 filed
November 27, 2007; which applications are incorporated herein by reference 10for all purposes.
BACKGROUND Communications play an important role in today's world. Transbody
communications, for eF%'RH@B@Tﬁ\“ mgr@@mg&pg’g@gﬁ% ﬁz@qﬂg 5 The term

"transbody communications” generally refers to transmission of a signal from an in vivo location to a
receiver location, e.g., a second in Zhonegatia Armeneifay lgatinsextracorporeally associated with
the body, etc. Communications, however, may be susceptible to errors. In particular, noisy
transmission environments may distort and corrupt communication data. 20 The noisy transmission
environments include the begy,Additiopaly, spmmicatiemdevises My ey in signal generation and
measurement related to thé’communication data. arther, various devices and combinations of

devices may exact high power consumption, resulting in a relatively short life cycle for the devices
inside 25the body. Shefisgastdetdfidcydle nEAeresuthin pepliaebareneisir gapety ndethéitinconvenient,

expensive, andisek Righdiships@Cralideesrovisional Patent Appiication Serial Nos.: 60/990,562
filed November 27, 2007; 60/990,567 filed November 27, 2007 and 60/990,572
filed November 27, 2007; which applications are incorporated herein by reference

10 for all purposes.

BACKGROUND
Communications play an impottant roie in today’s world. Transhody

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

15 The term “fransbody communications” generally refers to transmission of a signal
from an in vivo location to a receiver location, e.g., a second in vivo Iocation, a
receiver location extracorporeally associated with the body, ete.

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

20  The noisy transmission environments inciude the body. Additionaily,
communication devices may err in signal generation and measurement related to
the communication data.

Further, variocus cevices 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 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 reliabiy

30 communicaie information from an in vivo focation to & receiver positioned in, or in

ciose physical proximity to, 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 The system includes 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 5
transbody communications and conserve powegganasaiption. The system may further include at least
one of a beacon functjonality module, a frequency hopping functionality module, and a.collision
voidance functional e, FGEa o e e A A B B SR e
DESCRIPTION@OPHEFE RS mod@r3e FIciitalie seres ricedathal iicagiorpeadisiigient, including

a transbody cospmunicabicRsystesadaying adrapbgbadydractonalitgapociie: HE1GRhe illustrates the
transbody functiong}li% module of FIGURE 1 in%reater detail. F 3A illustrates a beacon

IGUR
wakeup mgdultéaﬁf’ v Yn%og%’ﬁfcﬁg%% ?Bﬁgcér“)rn eawneapf%vﬁér%ﬂngf‘érﬂgﬁ?gpe ifﬁ%ﬁlbsé?{gdﬁ ay FIGURE
3B illustrates dWetsrdncivekel »asbdoreop ovddioe) d windiariaitylofrddacafrenifepeyiodamitt a long
transmit packef, A dHA¥ABhduie, and a coliision avoidance functionality moduie. Related

methods and apparatus are also 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 wherein a beacon is associated with one
frequency and a message is associated with another frequency. FIGURE 7 illustrates a beacon
functionality associated with a two-beacon scheme. FIGURE 8 illustrates a beacon functionality
associated with a beacon signal where frequency is a function of time. FIGURE 9 further illustrates
a beacon functionality associated with a beacon signal where frequency is a function of time.
FIGURE 10 illustrates a collisi VQl i i i collision avoidance technique.
FIGURES 11A - 11D iIIustratecgit::% Mjlggsélf ﬂBﬂa&tN Fﬂ% ' Dﬁtzé another collision avoidance
approach. FIGUREBSRARA dndters idusstrans sicasiisienvineoidantdritindingrealignabediyg a technique
to detect a low Amplitda iRl 2 AR RN AR R AR DESCRIPTION

5 FIGURE 2 illlustrates the transbody functionality module of FIGURE 1 in
greater detail.

FIGURE 3A illustraies a beacon wakeup module providing a sniff period
longer than & transmit signal repetition period.
FIGURE 3B lllustrates g peacon wakeup module providing a short put

10 frequent sniff period and a tong transmit packet are provided.

FIGURE 4A iliusirates a resonant, narrow band anaiog circuit.

FIGURE 4B illustrates classic power detection circuil.

FIGURE 5 iliustrates beacon funclionality having a long period of a
conlinuous wave tone.

15 FIGURE 6 illusirates a- beacon functionality wherein a beacon is
associated with one frequency and a message is associated with another
frequency.

FIGURE 7 illustrates a beacon functionality associated with a two-beacon
scheme. '

20 FIGURE 8 illustrates a beacon funclionality associated with a beacon
signal where frequency is a function of time.

FIGURE 9 further illustrates a beacon functiohality associated with a
beacon signal where frequency is & function of time. '
FIGURE 10 iliustrates a collision avoidance functionality having one

25 collision avoidance technigue.
FIGURES 11A — 11D iliustrate a collision avoidance functionality having
another collision avoidance approach.
FIGURES 12A and 12B illustrate a collision avoidance f'unctionaiity having
& technigue to detect a low amptitude signal in a noisy environment.
30



Transbody 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 body. The receiver may be configured 10 to receive and
decode a signal from the in vivo transmitter. Various aspects of 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. TQE— Eﬁg:g%gglgg :[ﬁ!:ﬁie for example, transbody
communications systems associated i therapeutic devices, e.g., cardiac
devices, ingestible degiegsdsteohreuninaioe digaicieddeinsbydey fosraxanipitipbochaassaciated devices

such as gaming,deyioes INCopAaINA BINSIOINBIA SRSIAG UCOUANN Bfions FIGHEF T llustrates a

communication environment 100, including a transbody communication system 102. transbody
communicatioP¥{JefERFNIe 2 OYRPiseR! FUP @ RARRIIECA P IVEN 6ONERARRTIRR MDY %8 trdfRiSody

functionality mpeideldifo, \aindus ressives A409. e varotiaiaspRits e bodveotransmitiesrl04 transmits a
signal, e.g., an epcaded o ”aln.‘(}ﬁlé*%ﬁ &@ﬁ‘ﬁt‘%ﬁ%&%@@#ﬂ'?é‘é'eoxﬁ‘e?%%%%k@'rﬁe%or‘éfé‘?r Dpygeceiver 108,
b 0'fh Vivo r Impl 0

as hereinaﬂerstyescrl ed extall. , ransmit lementations of the in vivo
transmitter maiEirifyeiidl efgcebeiaraRGoUATE WD &219sMmittbPa OSCRIGH dedy 18 Iaidd efévice capable

of transmiiting @ 3esignah® dheditanerpadisignle in iy adaumdspectsnthe uspbiest@nsmitter 102
may be associ%te.d with various devi

d es, e.q., cardiac-related devices, ingestible devices,
eural- sl ARG G e e are R A NP 165, foP Sebmple, may be
wholly or partia#lyingtetjeassgavitiungohnaldevied] medicatidransteody @netieraihplerofigigch a device is a
pharma-informatise e AabiRioharaassrisagomposition, described in PCT Application Serial No, 5
U52006/01 6370. Another exarr;ﬁ)le is an ing?esti le evientgrparker é@ﬂ%land a qgcﬁrsonal rEeceiver,
described in U.S. ProVUfsiONaNE: éﬂ?%\%ﬁﬁﬁa I3RS BPRING" 80/84055% K I ASmple is a
smart paténtefelddevicecdasetibed irlEXCTHUBRO0T 1 B5dTpet taarothetve xamplagnisadismart implantable
fluid transport deyiee, desisribed i FafRiavisionahPaienharplicat bwssialdNp, BYE89.078.
devices, ingestibie devices, eic. The non-medical fieids inciude, for example,
body associated devices such as gaming devices incorporating physiologic
sensing functionality, etc.
20 FIGURE 1 illustrates a communication environment 100, including a
transbody communication system 102.  The transbody communication sysiem
102 comprises, for exampie, an in vivo transmitler 104, a transbody functionality
module 106, and a receiver 108. In various aspects, the in vivo transmitter 104
transmits a signal, e.g., an encoded signal, via the transbody communication
25 modute 104 to the receiver 108, as hereinafter described in detail.

1.0 in Vive Transmitier

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 varipus aspects, the in vivo transmitier 102 may be associated with
various devices, e.g., cardiac-related devices, ingeslible devices, neural-
stimulation related devices, medications, etc. The in vivo transmitter 102, for



10 Still further examples include implantable 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 W02006/116718. Still further examples include PCT application serial Nos. PCT/
U52007/022257; PCT/US07/24225; PCT/US08/56296; PCT/U52008/56299 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 incorporated in its entirety by reference. The signal transmitted by the device
generally incl§f8S @Ry SRh&E ddtaldenbfigie!hepressniRdiveitherebracie Signa8disélirte encoded
signals, e.g., 2encode at origin and decoded at destlnatlon Examples of signals include an identifier
of a pharmaceutlcal a pare I (é livery devi e tlné) et a.2.0
Transbodv FunctlonaPty c?’t‘ 2 he% éﬁgn%l r?rjw%é\g/ Q ganzs ?} gi?fn vnfgoH ‘rf‘ra'r%mltter

transbody fungtiaagiesutiesiul SoroRrRitige réi%ﬁQ@?@@SmI'hé’ ﬁﬁns‘b@@iﬁﬁﬂlﬂ%tloﬁﬁhﬁ/ mM¥dule 106
generally yIses;pERISHONEI7EOMALMNEAIQARHRNBELS, ﬁi@esﬁ@@abl%rﬂf mu@at{'momaée receipt of

signals, data, etc. an /%r@'fauh[?tlr};g Ow d do %c %9[5'18 an %‘éc a?dX %Jgrc[:glolqality modules
106 30|ncluder)8eacon Unctiona ?y, frequency opping unctlonapty, Ision avoidance

functionality. Ba6H oL8% fcﬁ@g@m@ﬁ@fd@@m@@@d@n@Iéfaﬁrh@@#ﬂteraﬂrﬂ@ﬂﬁ@ud%ﬁé@t&,lmhe transbody
functionality ”@H@S@@?ﬁ%«i‘ﬁf 9Be HothePBRIRRIOT: f Hﬁz%WM&@!@&PGQE&Bﬁremaﬁeﬂ1 may

T R SR elbere, Rl et o
10 Stilt further exampies include mptantable ohysiclogic event recoz’ders described
in U.S, Patent Nos. 5,819,210, 5,989,352, 6,699,200, and 8,895,275; various
sysiems and methods described in PCT application W02006/116718. Sl
further examples include PCT application serial Nos. PCT/ US2007/022257;
PCT/USQ7/24225; PCT/US08/56296; 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 incorporated in its entirely by
reference.
The signal transmitted by the device generally includes any signal, data,
identifier, representative thereof, etc. Signais include encoded signals, e.g..
20 encode at origin and decoded at destination. Examples of signals nclude an
identifisr of & pharmaceutical, a parenteral defivery device, an ingestible avent
marker, elr., supva

2.0 Transbody Functionality Moduis

25 The signal may be transmitted from the in vive ransmitier 104 vig the
transbedy functionality module 168 1o the roceiver 108 The fransbody
functionality maodule 108 generally uses protocol(s), communication channegls,
ato., capable of faclialing accurale receipt of signals, data, ele. and 7 or
faciitating low power consumption.  Such wansbody functionality moduias 108

30 include beacon funcionalily, frequency hopping functionallly, angd colision
avoldance functionality. Each of the foregoing is discussed in datall herainaftar,

In various aspects, the transbody tunctionality module 106, and 7 or ong or
# comingtion of its submoduiss (described hersinalter), may bhe implameniad as



of a patient may be employed as a conduction medium for the signal. As such, 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 (RF) transmission. One skilled in the art will recognize that
other communication are also possible. FIGURE 2 illustrates the transbody functionality module 106 of
FIGURE 1 10 in greater detail. In various aspects, the transbody functionality modules includes a
beacon functionality module 200, a frequgr)cy hgﬁpi%ncti_ogalit module 202,Aa}ﬁnd,a collision
avoidance fun&tibHaifty ibddie b4 D% BERESNEEH ﬁ%Nﬂﬁ%‘V%@ﬁU e “i8arfbus aspects
may employ thexBeastmiunetianality module 200. In various aspects, the beacon functionality module
200 may employ one o Maigldhe.allgwing:Ashaadan wakeun madie 2004, apaaegn signal

module 200B, a wave/frequency module 200C, a multiple frequéncy module 200D, and a modulated

signal module BEORABOTREHEACERMHRH GTaRty Mo J66%HEY ‘Be Hesteidte d Witk Beacon

communications; §igwasheacnneonamupicatien channela-bieacandgpreioeokiatc vardtie purpose of

e e iR “Seaanh el apale st SR PO LRI RIRAMAORRY 10 et
o herel . The

message (sometimes referre 2rein as "beacon signals”) eacons may have well-defined
characteristics!@5&tisH s freGierel:Baadonsthay besgateetediraadiyan Hoisy EifAteiments and
may be used fera irgeerioasnifcircuit, such as those described above. In one aspect, the

beacon funcrionalty gpadle 20 N2 comAss. bRaCan MASHBISTde B0 ing walkeup

functionality. Wakeup functionality generally compris nctionality to operate in high power

modes 30 only: diine Sptadifidnivagaue appetisrire HetseRYSpaeifd piilpoeedss. ¢ is?eceive a signal,

etc. An importanbgansidaration:afy avesalerortionsatiarsystemuiadhaintieeafijowdqaaker. This feature

may be advantageous in an implanted receiver, to provide for, both small size and to preserve a
B PSR i N B A

long-functioni ery. d BEREH Wakeup module 200A

2.1 BeACON FUNCTIONALITY MODULE

15 Various aspects may empioy the beacon functionality moduie 200. In
various aspects, the beacon functionaiity module 20C¢ may employ one or more of
the following: a beacon wakeup module 200A, a beacon signal module 2008, a
wave/frequency module 200C, a multiple frequency module 200D, and a
modulated signal module 200E.

20 The beacon functionality module 200 may be associated with beacon
communications, e.g., a beacon communicaiion channel, a beacon protocol, etc.
For the purpose of the present disclosure, beacons are typically signals sent
gither as part of a message or to augment a message {(sometimes referred o
herein as “beacon signats™. The beacons may have weli-defined characteristics,

25 such as frequency. Beacons may be detected readily in noisy environmenis and
may be used for a trigger to a sniff circuit, such as those described above.

in one aspect, the beacon functionality module 200 may comprise the

beacon wakeup module 200A, having wakeup functionality. Wakeup
functionality generally comprises the functionality to operate in high power modes

30 only during specific times, e.g., short periods for specific purposes, e.'g., to
ref.ce‘ive a signal, etc. An important consideration on a receiver portion of a
system is that it be of low power. This feature may be advantageous in an
implanted receiver, to provide for both small size and to preserve a long-
functioning electrical supply from a battery. The beacon wakeup moduie 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
perform a "sniff function” via, for example, a sniff circuit. For the purpose of the present application, the
term "sniff function” generally refers to a short, low-power function to determine if a transmitter is
present. If a transmitter sié?aré%is detected by the sniff function, the device may transition to a higher

power commumRaFHAYR AOFSIFOESEN AT SIGnRGR YRSt SREER e BN ER¥GEr may return,
e.g., immediatelydeetoiretp e models|bithisenadmer cenetyyiés edniserved daringowdatively long

pe_ric_)ds when a g%%gr)}gtttg%ssigg%lgg &% e58! 'f&ﬂq% .igh-po_wer capabilities remain avai_lable for
efficient decod® modg operations during'the relatively few periods when a transmit signal is present.

Several modes, andedtiasHeat dhetHerebRMBgYbevalSilubPRSICOisE IRy d Sth&OshRTBIERUIt. By

matching the rgessafisriastisatarsystenttahasntigireribcanfiguratan argptimizaksystem may
be achieved. FIGUI?QE 3A illustrates.th begé:on wakeu oduI(r-%- 200A‘vvipege‘jn a %niff period 300 is

longer than a%W&%ﬁt%lgr‘?ai)?%‘cbeer{lt%oﬁ E>°e3’1n88’ 5.@% fime ﬁ?}%ttl%n e&@é\a” ed 6n the X axis. As

shown, the tragisitiitlewnanes jerti@0ip SaRITBEIR If\eitheassnifEfuR AIsRcalis o FaniFmigMiEiPractice,

effectively, thesgpiff Reded 300 istypicalilonsarnamihgirasmilsigaaitonetitiangiied 302. In

various aspects, there may be a relatively a long period of time between the sniff perigds. In this way,
the sniff functiBR“,Nsr.gc.?'i’Pﬂﬁ ‘ﬁ?élﬁﬂeﬁ?eé:é)ég mﬁ%mﬁﬁt,&ig%ﬁﬁﬁ{eggqg HahP fsgs?%m%eetransmission

to occur éfch tirevirersaiffeincuitds 25activeiately FHIBURE 3Bc#nsnates the héactmnigikeup module
200A wherein g,shortdut-requant SR\ RRR0E 3R & RdRdensEARSRILDARKS RBIase provided. The

sniff circuit will activate at some point during the transmit time. In this mannecj', t gsniﬁ circuit may
detect the traniFHESigHAY S AW LRAVA IFRPAHILES SETaINRY AR udPhyfiaent o9y d188Ral beacon
wakeup aspeoctisrtnigneddinthias seiffing!y fismcpenddsavtentmiisnswictmdncorttast to the approaches

provided above, thisgspegtatiae tapspody heason-KARSMHSSIALCOARABIdMEY SpRiaikihe fact that the
total energy consumption is the product of average power consumption and time, In_
13 the sniff circuit. By matching the needs of a particular system to the sniff circuit

configuration, an optimized sysiem may be achieved.

FIGURE 3A illustrates the beacon wakeup module 200A wherein a sniff
period 300 is longer than a transmit signal repeiition 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 typically longer than the fransmit signal repetition period 302. In
various aspects, there may be a relatively a long period of time between the sniff
periods. In this way, the sniff function, e.g., implemented as a sniff circuit, is
guaranteed o have at least ane transmission 1o occur each time the sniff circuit is

25  active.

FIGURE 3B illustrates the beacon wakeup moduie 200A wherein a short
but frequent sniff period 306 and a long transmit packat 308 are provided. The
sniff circuit will activate at some point during the transmii time. In this manner,
the sniff circuit may detect the transmit signal and switch into a high power

30 decode mode.

An additional beacon wakeup as;ject is to provide the “sniffing” function in
a continuous mode. In contrast to the approaches provided above, this aspect of
the transbody beacon transmission channel may exploit the fact that the total
energy consumption is the product of average power consumption and time. In



this aspect, the system may minimize the 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 5transmission receiver runs continuously with a total energy consumption at an 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 inputthiste@apecueisdsieror ey rntnize et dptal G erowasittisTIsoacy, fagingsonant,

narrow band apeegiRiFc iR Bay-hane & RidRAnRgEans e NBdsGof esanaiareay:gpgovided that is
tuned to the frequency of th&ltran%rglttecgla nal. The volt%?le, across the LC circuit may be measured,
and run into a SO &SHWREARGE v ?&aﬁga%ﬁ%% TOWRKE FOL AEhAN B AR 9%h gate may be
triggereql. T_he hrirmii?tryagmesmhemtrrftggaah'_rgh p@ﬂéemedeufficieﬁi@UmE@Jshcswsﬂaaclmm power
detect circyit 40fndHheawRLURECHLCLINIBTAY RO EURSP ENoun B le-ihoich s those used

in an AM radio to give ae&ght signaF that indicates receipt of a radio Signal. In one aspect, the power,

detect circuit 4BRPIOYIRIEIREL SN ANE ARSI o ARRGIELRYIFAEN a 20 signal of the LC resonant
frequency is present;Ttiesy@dankajroaibaisgs upwbBecansecthef circuit inaseanbightionidaxoltage
increases drarg%{gaga_. That voltage is rectified by the diode. When that voltage exceeds a threshold
set by Vref, a comparator is tri gtered. The comparator informs the microprocessor that a signal/circuit

is present and direct§ et &AHEURIGHSSoRef SHRYRI2 SN oPRIE aBHBSdEEEHB#CEircuits may be
very low poweresluainth mayucamphise oy, passivercampoarttsapdtithe aseeptionvafithe comparator.

The comparatqy sa'ﬁﬁ’eb‘?e%?{%ﬁ}’, '%W%@A%aﬂh&i@ui&max WA, QHQVEOESN%FE‘C“ circuit
may inform the microprocessor wheh a transmitter is present, €.g., a signdl is transmittéd, to go into

the high powel RS8N AacH ofe3otRiereft tsPEPYISBFLI e it éontag BhraHaRe eefined
frequency for the HaRSAIET signal. The voltage across the LC circuit may be measured, and

run intc a comparator. When the voliage measurement exceeds a certain value,

153 agate may be triggered. The circuitry goes then infc a high power mode.
FIGURE 4B shows a 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
to give a light signai that indicaies 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 signat of the LC resonant frequency is present, the LC tank circuit ‘rings up’.
Because the circuit has a high Q, its voltage increases dramaitically. That voltage
is rectified by the diode. When that voltage exceeds a threshold set by Vref, a
comparator is triggered. The comparaior informs the microprocessor that a
signal/circuit is present and directs it to enier 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 operaie
continuously. Each circuit may inform the microprocessor when a fransmitter is
present, e.g., a signal is transmitted, 10 go into the high power mode. For each of

30 these circuits, a useful prerequisile may be a well defined frequency for the
transmitter.

A typs of beacon signai associaled with the present transbody
communication channel is a continuous wave, singie frequency tone. In such a



A type of beacon signal associated with the present transbody communication channel is a continuous
wave, single frequency tone. In such a case, the continuous single frequency tone triggers either of
the circuits in FIGURES 4A or 46, 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 the beacon signals with an A->D converter. The beacon
signals are put in a digital processing system. Beacon signals are detected by a single frequency tone
“which has a vergsirong ehanasiesistiagkxamplescof seh sygiemssarePvideddinchitc UWRE 5. FIGURE

5 illustrates b%q&qjhééllj?e%%%%g%U@\éip%@%?gﬁﬁgg%%g C.%Pr %%%QEOUS wave tone, e.g., via the

wave/frequency mo one aspect, t eacon signal con SIS Of a long period of the
continuous wave tonE€TRREEBHtHAAISTREVE tdReth ARl dlrPHigRoon I aRegPo ANV ICtholds the

information, ardisaodigiaing RosiRMImthis frRgeeambdamainisthaipds hrisalishaerpd of well
defined fr%quer%:f{ The madulation. tends t smear the freguencyggﬁéactrum.lSThis %)rtlon of the wave

$ eo Pa%'gatchc)en.?fa (33 & r}%’&gﬂ onie inthe ?Penq\"’ 8RE %?ﬁ?aﬁbgf?@a%ﬁ F?%tcognizable in

tone serves as
the spectrogrdma digigiticessing aysteiod 8 etenirsiaralivers\emsige teca tiogintyksfiesyency tone.

This frequencysngaleriathe W9cessipgiradiiyihat a message is comir_lg._ It then it moves into
decode mode so tha‘%he messgge can be 70understoo§., I:Hzéﬁi%E 5, this is shown as one packet.
S n co

FIGURE 6 illustrate 85”@6?1% clf%nsé'lﬁv%g%iﬂrg\’bdee Biated with one frequency, e.g., a
beacon channel, andFkBEs &g dlistsaise clatachwithiaciothaitfrédguengcys, dogg aenessafeschannel. This

configuragion mayiRGadvAaasRuS. dorRRRRISvIEALIIR SYiaMissiRaling githsyitiple transmit
25signals. The solid line represents the beacon from Transmit Signal 1. The

the beacon signal consists of a long pericd of the comiinuous wave tone. This

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

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

well defined frequency. The modulation tends to smear the frequency specirum.

15 This portion of the wave tone serves as the beacon. It has a singie tone in the

frequency domain, and is easily recognizable in the spectrogram.

Either of the methods shown previously can detect the single frequency
tone. This frequency tone alerts the processing circuitry that a message is
coming. It then it moves into- decode mode so that the message can be

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

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

25 signals. The solid line represents the beacon from Transmit Signal 1. The
dashed iine represents the beacon from Transmit Signal 2. in various
transmission situations, the Transmit Signal 2's beacon might overlap with that of
Transmit Signai 1, as depicted.

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

30 from their respective beacons. One advaniage 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 exampie shown in FIGURE 5, the beacon from the



dashed line represents the beacon from Transmit Signal 2. In various transmission situations, the
Transmit Signal 2's beacon might overlap with that of Transmit Signal 1, as depicted. Message Signal
1 and Message Signal 2 can be at different frequencies 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 second transmit signal
would most likedymiascurestiie messagefiomdbieifikst travzsmit slgnatessadn thiencése ftke beacon
channel is a Wﬁﬁn@ﬁ'f@sﬁﬁr}féﬁquency band. A message is provided in the channel where the data are
actually transmitted. terference between different mess%ﬁes in the message channel can be

handled through colli8i¥Hsageigarite RiesaiepparRivie WHTR! FIESDRE e ShonPARfth tvo
transmitters, itéidagapparenids onetes acinagy skibhia the adito nodidyitie sisiemmee as to scale it

to many more transmitters. The requirements of a particular system.may, to some e t, dictate the
pariouiar ArorIIEkATE BF e COm e . T BeGrR 7  L aapameea E DaRed. Ctedt with

a two-beacon BtREMeC@igioBadeGA TandeBXiEsh Beiow thiY BAS &I FERE$ dsndRUBfiMEY mathematical

relationship befyeesmtheeesguenayel ibphercerneeannetinac thaifiegeaaorbain@ssage channel.
If the beacon is a co’ntinuou.? wav? signal, or 15 a sigg?r%k\évrirt]ﬂtgr%/eryrﬁimr%leumodur%%tion, it will be a
g ea i

simple matter W AR A%SE Brrtef e ﬁ%nhéﬁncyf Y 5 Chrf

con signdl. In on€e %dg%r,n?or example, the
beacon is at fregticniey 2fstent My nie Some ¢ anfrsigiatecing pasicHavamBGWR B! 1hah this case, the
value of figan Besgetermined from the beacon channel. As a result, if the message is to be

demodulated, the fre: %?ﬁ%i known ex ctl¥. 20 This asPect may be used, inter aria, to address
frequency uncertain%l. i azd B%W‘?‘ﬁa%eﬁ SUidd s IOAL RSEDEARY 18 Bs ¥y R hnel
modulations v_vistibbml@ reog hadeawell defimbdeacder Fretjuthiziesse, there is & weli-defined

mathematical relationship between the frequency of the beacon channel and the
frequency of the message channel,  If the beacon is a continuous wave signal, or

15 a signal with a very simple modulation, it will be a simpie maiter 10 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 { can be determinged from the beacon channel. As a resulf,
if the message is to be demodulated, the frequency is known exactly.

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

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

25  modulation in and by itself, can be gifficult because there is not a well defined
peak in the freguency spectrum. However, havihg the beacon channel
accompanying the message channe! with a well-defined mathematical
reiationship aliows the message channel frequency 0 be determined precisely
from the beacon channel. The message channel can then be demoduiated

30  based on that information.

The above description is of a beacon as a continuous single frequancy
tone. However, in another aspect, the beacon couid have a simple modulation
on it. An example of such an aspect is using on-off keying (OOK), or simple

frequency moduiation. In various aspects, of particular utiiity is a frequency key
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One example of such message channel modulations is spread spectrum modulations. 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 channel
accompanying the message channel with a well-defined mathematical relationship allows the message
channel frequency to be determined precisely from the beacon channel. The message channel can
then be demodulated 30based on that information. The above description is of a beacon as a
continuous sirgiéifieBhicivio meHBreve signasothmdaypbet, ditelseadbidecatdhaltna simple

modulation onyi /i §?ﬁ§6ﬂ%§c§ﬁfa‘%b‘€hﬁﬂsax%@?§irb%}é§'%tﬁr&qmﬁ%)é' %8&(9(%)3@5&1‘%{%0%3 equency

modulation. In various aspects, of particular utility is a frequency key shifting (FSK) two tone beacon
signal created“B‘i/ HEBUSRRY AT i0I0ET A% 1BP RS L BRE IR BRCifigmiemelid IHaY ph6vide both a
unique spectraliwnammmndet@e, faegdhejicatiosditheotwd tenescamn ayvatiant étritherfequency drift of

the silconosclisige & &yrEM.sisomastileiond e iRuenou BB elin gL g Vide & high

probability thatt e signalde is’sourced hy'the preferred source device, e.g., the IEM. This
approach givetHeShBa¥ER: Lcistifiive ign i rePRpapashy rﬁ&ﬁélﬁﬁeyﬁ?ﬁ‘i%fﬁleafrgﬁ'%fﬁ‘é? interferers. In
this manner, thgysystenhdorsundiuisk cenfiisisig tl‘terbemeomwmr@meraammanaﬁr@mm environment.

One key charaS %qél‘%tl gésthﬁg{egggr}%ﬁ{ﬁsm t %gt%%&pt\ﬁ&l&g% ﬁ’ﬁﬁ{ﬁre@q @g a well-defined

mathematical r tlon ip’in terms of carrier frequency ustrates eacon functionality
associated wittP158EsT RjifakfinShatRsifisHeofs HEUFRAIANSY titn812D HeSHrofepditdst can occur

with trangmittesgtisdinal taaccatnier e quengydsiset by aisilicait asedlatonsand inothyia 45 crystal
oscillator. This mFroqk Luces a Iarge uncertainty in characteristic frequency. Determination of that

frequency may% 5 ey gh Ylenge both in terms of decoding the packet and detecting the beacon
frequency.  The ditEHBRH ol ips IEORESGoAHYABS pREALRS diRRAMEDSIEIS approach. If

these circuits M\éeehi@éhgg\{@r @)Ethgrﬂg@@memcyrhl@cer@ai@t)bmghéraotﬁgpsgﬁhgd@gaqpﬁhto fall outside

of the response func%on of LR s cwcu% Thus, as ill trate in FIGL{iRt r? ?%another type of
beacon may be é‘ﬁ% r%qugncg)?r% Lrlgmg%éée%l ovely SOME rgnogS Sr%r\n%n \égsage Two

narrow band fmresiah@pﬂamde“aﬂtw@rgmls@ rarapedeasialai fhughar@caﬁrﬁbwfrwu@mrrow band

filters are tunegdd@ fhaREJR, & AnatigthenulliptR? e aURBEY MARHIR 2GR, FrregHaacigs ft and 2 fall

between thigh and
g decocIlng the packet and detecting the beacon frequency.

The circuits provided in FIGURES 4A and 4B provide an example of this
approach. i these circuits have high power {Q), the freguency unceriainty may
20 cause the beacon to fali cutside of the response function of the sniff circuits,
Thus, as illustrated in FIGURES 8 anc 9 another type of bsacon may be
employed. Freguency 700 is ramped over some range, providing a message.
Two narrow band filters are provided. The signal is ramped from an fpg, 0 an
fow.  TWO narrow band filters are tuned to f1 and {2, e.g., via the multiple

25 frequency moduie 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
peacon frequency is ramped through f1 at time t1, and then shows no power.
 Similarly, the output of the filter at {2 would show no power, show a blip in power
as the beacon frequency is ramped through f2 at time 12, and then shows no

30  power.

By building a timed-window comparator, an analog sniff circuit is employed
which triggers on the time difference betweer t1 and t2. This can be
implemenied digitally or in an analog approach. In this case, when the circuit is

11



The output of the filter at 1 shows no power, shows a blip in power as the beacon frequency is ramped
through ft at time ti , and then shows no power. Similarly, the output of the filter at f2 would show no
power, show a blip in power as the beacon frequency is ramped through f2 at time t2, and then shows
no 30power. 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 thag& signaldsPresend. 2 fallheitaimpdima venyistisiiitwe signandieaibsegaeacy fl firing will
be detected, an.%l1 r;at[}y ex le) 10ms later, f2 firing is detected. If those two events 5 happen within
In ¢

am
the defined time éF\féﬁets(%Bplus or minus t', it indicates that a signal is present. The wakeup circuit is

then triggered. The ré$gItiaGBleSigh Yrovideinaivenpigndipveridraisg@irditinng iPoPant application
of the circuit isdgigteigramaeshefepapeneyas shawn iikiGY Rilicthebpasempaydedinodulated to
assure that its signature will be 1Q distipctive, e.q., via the modulated,signal. module 200E. One
approach to thpsa%r?gfhg ' q@tgjgﬁaqlfgi?ﬁg t{)?eméecbﬁr%e&%errxdaltg lBset\(/)vre'ﬁeﬁrﬂn{’\ﬁo frgqﬂg!ﬁgieeé. T\?ﬁ%man this
alternation is déigseteld witlhahie welkdefieupfieiquéneyttifieroagerethd Wellreefirg dies@period, the

confidence levelgaebe yayitNgpohat %ﬁﬁ@cﬁ%@@dﬁhﬁ%éﬁ@ﬁ%ﬁ@w@éﬁ&ﬁ Hhanss9me: hackground
r

signal. A similar result can be achieved 15with on-off keying, in a frequency modulation keying
approach. E&ﬁie?%&@ﬁB%FB%”SSH?&%&%%%W&J% %%%%%n agpplied to a beacon to give it a distinctive
character. In variousTaspéets;adataanaebevingprateed ton absuedban, ite awidtitrbewil) cenfused with
any other,3igng|siAYaEious asReats thsusniff SriibiiAgsiRoMBEN hRbRgGRRCR AT ke are multiple

beacon approaches availabie to avoid interference. In the idea related to FIGURE 6, if there are two

beacons transMREIG &t e @i EGrEath SRR RBUER AL EEREHE R MUliRiE #Guencies, e.g.,
via multiple fregjteenajyomiodigie @600 o thwoidicfiefcisdioen upterfatiEéncmnda andelatibdaipproach, the

aspect is simply Jo Bav&DACR: AL RILIMEMMSRCIESOrAYRIth 2P CORERIANPRMEER the beacons.
detected, rather than some background signal. A similar resuit 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
gistinctive character. In various aspects, data may be imprinted on the beacon,
to avoid it being confused with any other signal. In various aspecis, the sniff
circuit triggers only on the beacon.

20 There are multiple beacon approaches available 1o avoid inferference. in
the idea related to FIGURE 6, if there are two beacons transmitting at the same
time, transmitter 1 could have beacons at multipte frequencies, e.g., via multipie
frequency module 2000, to avoid effects from interference. in a related
approach, the aspeact is simply 10 have beacons at different frequencies to aveoid

25 coniention between the beacons.

In various aspects, a frequency ratio of a beacon and data channal is
invariant to frequency error in the ingestible event marker system 1o provide
additional assurance of detection of the encoded signal.

30

2.2 FREQUENCY HOPPING FUNCTIONALLITY MODULE

Various aspecis may empioy frequency hopping functionality module. The
frequency hopping funclionality module 202 may be associaied with the specific

12



In various aspects, a frequency ratio of a beacon and data channel is invariant to frequency error in
the ingestible event marker system to provide additional assurance of detection of the encoded signal.
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 specific communications channel(s), frequency hopping protocol, etc. As such,
various aspects may utilize one or more frequency hopping protocols. For example, the receiver may
search the desighatetdcainge ofidregliendiesiimrdyiclhophendransimissierc cofitd dadh Whemuia single proper
decode is achj the in vi ' ' j ission of Egm[@ nicating its digital
information pa%é%%;sfo tﬁgE%@(%i?é%rﬁ%%?%rgr%sar%?t%%?e@ﬁgFéagr%c@egrtaﬁ% provi g’d{@% random
frequency hopBRRYVY.gM3a SEREFHOIEMEBERIRT2IESA 'ANEY cfgaéeﬁﬁ@ﬁfi% b&hefiticriBa&such benefit,
for example, maydreigasy inplementatien an Grsealrdier eddtidlustiates\ibe, ithwive ¥ranmsmitter carrier
frequency_oscillator can be an inac te free runni illator that is_easily i nted on a small
portion ofﬁa 1 ﬁrrﬁlﬂs igf‘e Egﬁr%%clzgrsng(f# E?é? g?d%rl%l?o ﬁ/n%g %%(ﬁ:lglsﬁ%y%élE?a?é%‘%‘fmginné%%%use the
receiver employyfiedyifetiey&eirehing algorithms. Another such benefit may be extended battery life.

To illustrate, overrihe Mneauiss: oftbguansmitiesreatryditaicee., threadaden migutesythe probability
of the transmitrger transmittin\g on a clear chanr}el gb%\can be recgivedlnl;e/it e Rrefc&ge agile receiver
: ) i

may be signiflcgﬁﬁiy%’nﬁ'gﬁcea dué r%oc}%’]n@gr%u ?equenc{/n ﬁBp%.er?g? St Enother beref rﬁay be

minimized collsich eeesfis iiehRavEIaMBR0EEYREAMENRETRNRST 28, tBalzalion dbcollision
probabilityywhepnHEPIRE M vive transmitter carrier frequency oscillator can be an inaccurate

free running oscillator that is easilty implemented on a small poriion of a 1 mm
die. Accuracies on the order of +/- 20 are easily tolerated. This is because the
receiver employs frequency searching aigorithms.
Anoiher such benefit may be extended battery life. To illustrate, over the
15 course of the transmitter battery life, e.g., three to ten minuies, the probabpility of
the transmitter fransmitting on a clear channel that can be received by the
frequency agile receiver may be significantly enhanced due 1o random frequency
hopping.
Still another benefit may be minimized collision evenis in high volume
20 environmenis. To iliustrate, minimizaﬂon of coliision probability when multipte in
vivo transmitters, e.g., ingestible e{?ént markers, are potentially transmitting
simultaneously, such as in instances where the multiple ingestible event markers
are ingested concurrently or in close temporal proximity. Stated differently,
without frequency hopping funclionality, there may be a high probability that
25 - ingestible event markers of a similar lot will transmii on the same (or nearly the
same) frequency, resulting in multiple collisions.

In certain aspects, the useful frequency spectrum for use in volume
conduction applications ranges from aboui 3 kHz to 150 kHz. Through detailed
animal studies it has been observed thal in some environments, the in vivo

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

nature of interfering signals, a frequency hopping channel or protocol may be
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- vivo transmitters, e.g., ingestible event markers, are potentially transmitting simultaneously, such as
in instances where the multiple ingestible event markers are ingested concurrently or in close temporal
proximity. Stated differently, without frequency hopping functionality, there may be a high probability
that 25ingestible event markers of a similar lot will transmit on the same (or nearly the same)
frequency, resulting in multiple collisions. In certain aspects, the useful frequency spectrum for use
in volume conduction applications ranges from about 3 kHz to 150 kHz. Through detailed animal
studies it has keenogbsarvediithatia someceirememitientsyrdenily Vireo 3 tsamspstternsupra, having a
received signalevel indigange of 18 100 makeapRare i aalramhenghutiedasing signals on
the order of hundreds to thousands o? .J.V in the same frequency spectrum. To mitigate the
destructive naﬁ%ér@f@E’@r‘ﬁ’érﬁ@%’i@ﬁg@,’(é@Bﬁ'u@HWh%’bﬁﬁ%’ CRARMEI ¥R Protocol may be employed in
which the in vivo transmitter randomly frequency hops a narrow band transmitted signal, e.g., a
modulatedssignal such as a binag\/;o < B'ft eving & E&%&m@%%&gignal, output on each
transmission. 52.3 COLLISION AV _ CTIONALCITY MODU Various aspects may
employ a collision avoidance functionality module. The collision avoidance functionality module may
be associated with thesgpesifispeemmisyicationy echaonsiis) aooltision aveidansempratacns, etc. As

such, various 10, aspects may uilize various oliianaveidance.oraies isaiguss asociated with
the specific commanicatons channe t’s@ oftiston Avoidande (e¢ niques may be particularly useful, for
example, in ertArompEerREONSSHANNE (6 BRleinn vive dreS RMeEIeCkretiite SnBUSTY . VaIReFe an individual
ingests mutiplgsiMs. MegUaAN RReNBRsldl eMana Biftybeo sansalssrsseoRideir signals 15
continuously, the transmissipn of one ma}é obscHre th? iranan]ission from all t_hEe Qrtlg.er in vivo
transmitters. AYE B8, PPRG O GLBERLR A R AN Sere s SISRIFYRIRICS RIARSHE aspects may

include variousneslligiopagimiddnsseipprisactreseione enitrYzTieNs sdimisinatoAs "X0OIe such
approach emchstFﬁHgm#@eFmFJégﬂH%[e@h@éléﬁ’li%ividuai ingests multiple 1EMs. In

such an environment, if the various in vive transmitters send their signals

15 continuously, the transmission of one may obscure the fransmission from ail the
other in vivo transmitters. As a result, failure to detect signals may increase
significantty.

Various aspects may include varicus collision avoidance approaches,
alone or in various combinations.

20 One such approach employs muitiple fransmii frequencies. By using
frequency-selective ~ fitering, the ftransmitter broadcasting at 1 can be
distinguished from the transmitter broadcasting at {2, even Iif they are transmiiting
simultaneously. An alternative 1o this approach is illustrated in Figure 2.

FIGURE 10 illustrates a first collision avoidance technique, e.9., via a

25 transmitier moduie 204A, wherein Transmitter 1 is Dbroadcasting on f1.
Transmitier 2 is broadcasting on 2. A receiver and two band pass filters are
provided, e.g., via multiple band pass filter module 204E. Band pass filter 1 is
sensitive to f1, band pass filter 2 is sensitive 10 2. Once signals from the
transmitters, e.g., two IEMs associated with Pill 1 and Pill 2, respectively, get

30 through their respective band pass filters, the signals go tc demodulators. In
various aspects, these demodulators can be impiemented as separate analog
circuits or in the digital domain. In this manner, coliisions may be avoided.

FIGURES 11A ~ 11D illusirate another collision avoidance approach. In
various aspects, the specific communications channei{s) may employ duty cycie
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frequency-selective filtering, the transmitter broadcasting at fl can be distinguished from the transmitter
broadcasting at f2, even if they are transmitting simultaneously. An alternative to this approach is
illustrated in Figure 9. FIGURE 10 illustrates a first collision avoidance technique, e.g., via a 25
transmitter module 204A, wherein Transmitter 1 is broadcasting on f 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 fl , band pass filter 2 is sensitive to 12. Once signals from the
transmitters, emgpdilaodi; Mg assogidtgdopith RidkllanehPiib@yircBpeRtiveleget3trtbmoterh their

respective band passfiesine SR0RIB0 FRGMALILS Javariaus agpeciss esg emodulators

can be implemented as separate analog circuits or in the digitai domain. In this manner, collisions may
be avoided. UaRFSUIRE STHARNGAYS Y (ERAILARHIRIPLBIRII SF6AKEE abPrEXRMPIR various
aspects, the speacifiaraasmtignicatonsachaningl (shvaapwe pip\cehity cyote mdeukaitaniiegg., via a duty

cycle modulatinn machls, AR MhRIEn A renaRIEnSe ABl AN AIL S i Jg o ansmiters

e.g., xmtrl and xm , are not transmlttlng S|multaneou the not interfere With each other. For
example, If tW@ﬁﬁ?%ﬁWﬁfé??a?‘éﬂ?é’é&’%ﬁWﬁfiﬁB\)@%Wﬁt?@éles‘%h% RaBIYagelisting 5 10% of the
time and off 9GP theitisae, then probabilistically there is only a 20% chance that the signals will

overlap with each otWa{h Iggfg}%snﬁéa%nﬁr 59* %Or&%}é?b% t?é{ﬁ.é‘ﬂ?q% th){[e1 elre{p}%e fo FIGURE 114,

there a transmitter 1, e.g., xmir1, that | “of the time. There transmltterz e.g., xmtr2,
that is also onR&reno! Q@%Uﬁﬁ]é‘“ﬁ%&@f%dﬁﬁ@,%&?@ i3 SotheXpriBalfitystRECtBY Wl transmit

simultanggusly plioyrerer ithal PeIbahilits careeisairadlesidnashnangiagiey dulyeyemand the
frequency spread. As a res ult, if these traBs r)FeI‘IO S are, sI %]tlg dlﬁerentgd ﬁe%will come in and
0

out of mterferesﬁ”c%l%qﬁoe'gé/h Vﬁ\'rhe gr?ap Zan 68 Contralled ever %y erﬁﬂé the duty cycle

and the frequencie 18@?@@&@@:@%%5@@@ sl @l STO Fia e spugdtensotiuRe TABe @t 2040,

respectively. Ig;HHgmanmek:, qmr%ﬁ%e%umagocelhsmﬁs@@yéaeeammegch othdithrigerence to
FIGURE 11B, dashed traB&mltter tr2 has a sli g{tﬁﬁzhorter period than thrﬁl??tfld transmitter xmtrl.
e 5

Even though tREH8RSAT §CHE@ r6‘88’8é{§’fr "G E e CEfte Rl Gt
transmisdibns sthea20tragsviteditcemmaitiof 2lignniext witieadcipetiiom Avaings A 4hey are now

respectively. in this manner, otherwise occurring collisions may be avoided.

With reference to FIGURE 11B, dashed transmitter xmtr2 has a slightly
shorter period than the soiid fransmitier xmirt. Even though the transmiiters
pegin broadcasting at the same time, after some number of transmissions, the

20 transmiliers come out of alignment with each other. As a result, they are now
distinct from one another 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. [n practice, the silicon oscillators used for
these transmitters have a spread of a few percent in frequency. A 1% difference

25 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
giso be programmed to be explicitly different, e.g., to have some range of
periods. Noise dithering a voliage controlied osciliator frequency can aiso create

30  this frequency spread.

With respect to FIGURE 11D, the retry period is randomized. In this
example, xmirl broadcasts and then waits some random period of time before
broadcasting again. The xmir1 then waits another yvandom period of time before
broadcasting again, and so forth. Xmtr2 begins broadcasting at the same time.
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distinct from one another and otherwise occurring collisions may be avoided. With reference to
FIGURE 11D, 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 25 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., to

have some rangenefvpgrindsaisNeise ditherng @valiagereopiioliedrescdlatos fLaguansy £an also create
30this frequen [ ith respect.to FIGURE 11D, the retry period is randomized. In this
example, xmtr%‘y %’?ggﬁeégﬁs_grgﬁ %Weimv%zq OB ME Pgﬁ%gﬁﬁ)he}ﬁ&? %f%rglé Bflke IS ASting again.
The xmtrl therhmatstafittelhed et dsivdess treednsisrei mwdeastivgcagdin, canttaedorth. Xmtr2

begins broadcastiigalijesamediRede iAW vetnd riis Sassait waits a random time before the next

transmissign, and WaILBS anather rﬁndom time before the next transmission and so forth. In this way,

the probability that two' trafemiisrs troadta s ih iParfe SAERFEAAMIO ToREOHRRFS iaititting the
standard deviaRIgRregta@rewyiperibdcrHThik appaactpedrebetbasedres atps@aticarantom sequence

that is preprogramBReChie: 48 qErikCARIASOPeRASECERA FeRlRRYSICAL aRdomspymber generator

(thermal noise)e, or on the serial number on the chip. Since every transmitter has a unique serial

number, some oF e WS its'8? M LaRPRIFhBEMRSH BRTR 4 S rugF it thidasaBahization time,
either directly oupwaOcainge lisehtshiftgegisters randwhditiiival dspeaishef thiestmnsbasly transmission
channel uge spERd SRRSFURrRRRIUSSIoN to modulate the transmit message. This approach can be
direct spread spectrum or frequency hopping spread spectrum. As an example, any of the code

division multiple acc&SS BB RS BEE gL IETBRESEY fBRRFMSEPPHEIES thaA8II6W $88 multitudes of
cell phones to $wecideadtarstiiesgane freduercysvitheshintesterenceoandpeeamplexadin this aspect.

This aspect ¢ I \ in.spread spectrum, such as Gold
Codes or Kaszam'?lgo% es&?ﬁgg&%@%eﬂ %?@e%jdhgggye%%%%prs a?gt]rgan pr§%%il?§&?&1ﬂ§.% code is 20

selected such Btthére SPESEHSIORLR HHRIR PR HrbHabiRE DRHA® BeMeipRRtbferRRling the same
code broadcasinged tireisamminoe is suilicientdy senalbnbhis appmashcies ioibeddea of using a

el defined cor S B e ool gebas: can ot eve @
also be based on any of the well known codes in spread spectrum, such as Gold
Codes or Kasami codes.
The chalienge to be addressed is approached probabilistically. A code is
20 selected such that there are sufficienty many that the probability of two
transmitters naving the same code broadcasting at the same fime is sufficiently
small. This approach ties into the idea of using a beacon to find the carrier
frequency because spread spectrum transmissians in general do not have a well
defined carrier frequency. That information is determined, such as from the
25  beacon. _

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

30 There are no restrictions on combining technigues.

In caiculations, it is shown that duty cycle works very well for two or three
ransmitters  operating simultaneously. However, in regards 1o certain
applications, the duty cycle method breaks down when there are more than five
transmitters providing data in an overlapping time frame.
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25beacon. In certain applications, it is useful to combine the different techniques. By example,
when there is a long duty cycle, spread spectrum transmission can be particularly valuable. In this
case, the probability of a collision happening is the probability of the long duty cycle times the
probability of the spread spectrum. 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 fie trestraitegstiradding eatdinamosetasingutimeyframie. to adthe most

straightforwardgmstbogd @mﬁf%ﬁt}ﬁ %v qxgleeﬁawsﬁffdra%ammm@aém €.gy via retransmit

randomization module 204C. Bi w bits of retransmit randomization, the effect is

immediately réiigi1ad SR fsf@ﬁ‘éﬂf‘fd’éla IHRRL A pE:, efﬂ@%?sf@m%%&éﬁﬁ)qﬁ%‘fﬁfgwsh five to
5ten simultaneoushtiegsspigssionsed.  IMargetbeyonthéesystansnsssasly, sipteadispdistum is one

approach of m{gg%ﬁg@@gmg&%mny simultaneous transmitters, even if one has a short duty
cycle, the total time that multiple transmitters are transmitting becomes a significan (g/)rtlon of the time

and collisions becomd #hs¥aHle! oIS BIEH e FRIRRT GRRFEUYBWErRENIRRIEEy Slem design can
rely on using simptet. appregskes, sudh aslongrdubysyclasirbhisttyptertrapemitifreguensies may be

employed in a gapIglIed A AU, HOSRIG fPAURAFIES AL SR S kpaun. For three to

ten transmitters, retrarismit randomization works we ii eyon ten transmitters; spread spectrum is one

15approach th%?f@fﬁ%@t SRIERYVEdNakE R 28fH CVIRIPR ISR YWR&IRAR'ith other techniques.
Plots on lang duty Cyﬁley&mmthngeommultme@uamnemltwﬁdhedesgaw @@%n:hance of a

transmitter ”%Q% ?Cfto%p ecause ofS;E\J C%ollésgondtﬁg]tl%zy durln a onf?/h ln!J eﬁ‘ mit interval. One

important feature nsmitters systems is't tra\ﬁsmltters ave a |n ftetlme In
systems frequencges may be employed in a confrolied environment when the frequencies

of the transmitiers are known. For ihree to ten iransmitiers, retransmit
randomization works well. Beyond ten transmitiers, spread specirum is ong

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

Plots on long duty 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 transmit interval. One imporiant feature of some .

20 transmitters 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 implanted sensors, these are siill very important
considerations for power consumption. If the system must wait an hour before a
window clear enough 1o fransmit a signal is available, then the transmitier is

25 using power all that fime.

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

The spread spectrum approach is quantifiable, depending on how many

30 distinct codes are used. Whan the Kasami set of codes are used there are
32,000 distinct codes. In this case the probability of having twe fransmitters
transmit on the same code is 1/(32,000)%. That probability goes up geomeirically
with the number of transmitters. Even doing nothing o select transmitters that
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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 window clear enough to transmit a signal is available, then the transmitter
is 25using power all that time. Another possibility opens up when systems have more sophisticated
transmitters. The transmitter can listen for a quiet channel, for example, waiting until it hears nothing
transmitting and then transmit. The spread spectrum approach is quantifiable, depending on how
many 30 distifeveodietnarecages). Wi icilieK £5arthics stHABEat dY 0l e SRLaHM 21000 distinct

codes. In this gase,Hedpohabilibuebhaing tuadiansmitters transmit on the same code is
11(32,000)2. That p obabﬂ%gﬁoes up\}%eometrlgglm with the number of tra(_p%mlttﬁaergti %yen doing

nothing to select traftsARRARS A Vs H et LobES SR Tl i §ONIHE FalfuB e atioh of code
selection, it suppens deignaf nat huikt redispof wasraiesisiM. Higweridlh akpeetd) Bsesklers of the

system are cogpfiguredo selestiysbreseiveasignakinigauistnaber aighienispectrun, Figure 12A
shows an aspect 5 addressing the problem of detecting a low amplitude signal in a noisy environment.
One approact B TRATERbLIBATIERB ART ALY it Bf&%@e qﬂﬁg’ %geas%@%}ﬂﬁ&’r’ﬂéh&e@&%r of the

receiver is progpermoned ThéhaatbeiquendysbaegivVEhéstripgmitteepan st dilgdvryasl dzans. in that
frequency bang, RIGURFES: 12Acandil a8 dusiateid feshrighsnty dairet a low amplitude
FIGURES 12A and 12B illustrate a technique to detect a low amplitude
10 signal in a noisy environment.  With reference to FIGURE 12A, 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 is
provided in the quiet region because the least amount of interference is in that
region.

15 in FIGURE 12B, the transmission occurs at muiltiple different frequencies,
2.g., a ramping scheme. In various aspects, 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 transmiiter will
eventually jump into the guiet band and eventually fransmit in the quiet 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 ratic (SNR.

The above configuration in which the receiver is empioyed to receive only
a quiet band is not limited o systems having a collision avoidance channel, as
described elsewhere in this appiication. Instead, receivers as described in any of

g
Lh

the following applications may be configured 1o receive only a quiet channel: PCT
application serial no. US2007/024225 titied "Active Signal Processing Personai
Health Signal Receivers,” and filed on November 19, 2007; WO 2006/116718;
60/866,581; 60/945,251; 60/256,694, B60/887,780 -and 2006/116718; the
disclosures of which applications are herein incorporaied by reference. '

30 To illustrate some of the foregoing concepts, in one aspect transmissions
are broken into two channels. The first channel is used to broadcast the data. A
one 10 two percent duty cycle is performed. Immunity to collisions is enhanced
by randomizing the re-broadcast rate. The second channel is used o broadcast
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10 signal in a noisy environment. With reference to FIGURE 12A, 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 is provided in the quiet region because the least amount of
interference is in that region. 15In FIGURE 12B, the transmission occurs at multiple different
frequencies, e.g., a ramping scheme. In various aspects, other schemes may be used such as
frequency hopping or random scheme. Typically, the chosen scheme will densely covers the
frequency bargl whieigrestadorpractice, thevrapsméterdnijl eyeatisabgjiomppettol tie geiettband and
eventually trara iLin the, qtg;%@gﬂiat _2%@\155%%3@ ﬁ%ﬁ%%%i'ﬁﬂ?%r‘é@ﬁdﬂmﬁﬂﬁW%é@nd’ there is a
n

good chance of recelving / decodi at signal due to the excellent signal to noise ratio (SNR.

19
The above coffig@aidrRIA WHith ‘ﬂg@’?‘e?fé“?é?‘ri% B1R 018180 TBEBIvd BRIGSRRNABAARES not limited to
systems havingnarerllisipneay aidangechannelnasslesaribestiisewiseredmtitis appiwation. Instead,
receivers as described in any.of 7 follguyj [cal i ive only a
quiet chanéhel: %’IC %%'Sfiggf%?les%ar%?%%g Ugggo%%)'z%zp%ﬂt eﬁlﬂﬁﬁ? g{%r%ﬂ@%%e@s@%g Personal
Health Signal RedeilrdSemauiriebn Kevepser 19,0068 af A S0BERME 7YE: $6)588, iB1;
60/945,251; 6Q/8R56 % 1 HOBRLISRIRNI=2A064¢ 364 1 Dithevdizcl assiressbavhich repplications are
herein incorpor?ted by reference. 30 To illustrate some of the foregoing concepts, in one aspect
transmissions &f& broken into two channels. The first channel is used to broadcast the data. A one to
two percent duty cycle repairfasnedisinfaLaigy fo DETIRTOIfs ReEhRE NS A BYIRRIBARIAIG the

re-broadggst rgig.f heisesancbehasmngl imsed to broadcast a wakeup beacon. A one to two percent
duty cycle is performed. The packet rate is in the 10 mSec range.. The bea transmissions are short,
in the range of 100 ténZ@%ftB@eé,seﬁ%?’l Egﬁisﬁl L P et ofscogﬁ%gelflne.gT Oe @é@(@gn%ar?% gﬁta channel
carriers are getgriiwdifeormineigamd dsaliigiorydeshiwRothe HEdtonheih atdccanfEedidn be
calculated. The seceiver Wildeihpnavem A ieB0arcamds fiddimSec duration. If a beacon is
observed, the receiver will stay on to perform a full demoduI%tﬁ%n and dﬁg}g%}i. Otkéemlige, the receiver
will return to sleep. ™ CeMHDN ARERISa SR BRSBTS TRRNPT Thavifigl 1 iMe0dE R requency
10dither tosthegeaRReKinreaKdithte iowetrciantain aspects, the above system is modified to include a

longer duration ransipissiof ol-L8-6aI1HY £Y5IES 4Rt rdGARYIS) wiliAchiadeisent duty cycle

This complies with narrow band filter compatibility. In certain aspects, the above system is
modified to so Ak PEThONETIMNEEEREBSRATHBOK on the lower channel.

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

20 _
3.0 Heceiver
The signal recgiver, sometimas referrad o herein as the ‘receiver
generally includes any device or component capable of receiving the signal, e.g.,
conduciively recaiving a signal, via one or more specific communication
25 channsis, ‘

One example of such a recelver is the personal receiver, supra. Another -
example of the receiver described in the in: PCT application serial nc.
PCT/US2006/016370 published as WO 2008/116718; PCT application serial No.
PCT/2007/24225 published as WO 2008/063626; PCT appiiééiié’on serial no.

30 PCT/US2008/52845 published as US2008/052845; the disclosures of which
applications are herein incorporated by reference.

Various aspects inciude mobile configurations of the receiver that are
sized to be stably associated with a living subject in a manﬁér that does not
substantiaily impact movement of said living subject. In certain aspects, the
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In certain aspects, the above system is modified 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 correction). 20 3.0 Receiver The signal
receiver, sometimes referred to herein as the "receiver”, generally includes any device or component
capable of receiving the signal, e.g.,  conductively receiving a signal, via one or more specific
communication 25channels. One example of such a receiver is the personal receiver, supra.
Another exampdespfghaaecebresideseribed inikeats; METrapplicaticly sedabna PEIEdS2006/016370

published as WQ 2006/ 8; PCT %l [ rial No. éO 4 t&jg&swo
2008/063626%8%a%%%§?0ﬁ“§e?%| & ‘gggg%‘ﬁsé}og%%égﬁ %péﬁlszéez(%%sg i /@52845; the
disclosures of #9iéh epliREtioPls 888 hdTeREIRIBrFRREE byherererive’ hasvariehi® apects include
mobile configuspienmeidiesagriyeicthaéarensizedio bestably associated with a living subject in a
manner that does naf,substantially | ct movement of said living subject. In certain ects, the
receiver hgs a smal?é’i}%e.reinoe ’i\fﬁjrgtrgg%? ree%}ec@iav%r'r%%/d%cggéﬁl é& \B%rlﬂgrlﬁea?)&s%‘égné?%%)out five cm3
or fewer, suchrggsasstit three cm3 or fewer, including about one cm3 or less. In certain aspects, the
receiver has a chip size apprioxigstelyrapdirgsrom ten mm2 to two cm2. 5The receivers of interest

may include both exliernal and im IantaR]Ie receivers. L -
n external aspects, the receiver may be ex vivo, i.e., present outside of

the body during use. External receiver may be configured in any conveniant

10 manner. For example, in cerain aspects the exiernals receivers may be
configured to be assoctated with a desirable skin location. As such, in aspecis
the external receivers may be configured (o 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 waich or belt worn exiernally and equipped with

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

20 with which a practitioner can communicale. The practitionar may communicats,
for example, via a daia retrieval device, such as a wandg, eic.

Where the receiver includes an external component, that component may
have ouiput devices for providing data, e.g., audic and/or visual feedback.
Examples include audible alarms, LEDs, display screens, or the like. The

25  external componant may also inciude an interface port via which the component
can be connected to a computer for reading out daia stored itherein. By further
example, the device may be positionad by a harness that is worn outside the
body and has one or more eiectrodes that attach to the skin at different locations.

In certain external aspects, the receiver may be configured 1o be in contact

30 with or associated with a patient only temporarily, i.e., transiently. For exampie,
the recsiver may be associated / aftached / in contact while the pill, ingestibie
event marker, etc., is actually being ingested.

To iliustrate, the receiver may be configured as an exiernal device having
two finger electrodes or handgrips. Upén ingestion of a pharma-informatics

20



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 receivers may be configured to be associated with a desirable skin
location. As 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 belt worn externally and equipped with 15 suitable receiving electrodes can
be used as reeeEesi impicabed artenyvithuahesaspe ceaicthe pre se irae nbi nh driugrieseieers may

provide a furthercomav nisaiienaathofir i hLcallesied dagg eanbecagied y.apgiont or health

care practitioner. For instance, an implanted collector may inclu de conventional RF circuitry operating,
e.g., in the 405 1AL: rﬁ&:hdﬁ'l‘%%&ﬂf‘éFﬁ%\ﬁéﬁsﬁb’%ﬁthW’aﬁ?%?ﬁ%tﬁ@n@%%'n%Hﬁﬁm dafe. The
practitioner mayeaoiemsinieaie; itopickampley\itkadaiagetrieval dewce such as a wand, etc.

Where thearecelver Imc|g:%ﬁ§g§n gégé{lal %én%g(fg\r% tq%E %}p eau % Imgﬁﬂ %E ices for

providing data, e.g., au 0 and/6r Vistdl feedbac xamp es |nc eaarms s, display

screens, or th&/RREOTRE M R AN ESrAShafhnias élé?étfﬁéﬁfdéoamﬁteﬁfé’@é"iﬁﬁ?ﬁ?d‘wmch the

component capdagh qmmm@@@ﬁdsea mn’uﬂ@hfgpm@@iimﬁamuwm ﬁmedrﬂﬁefﬂm@@éfsmer example,
the device max\be gosmone %@ ss that is worn qutside the bodg and has ong or more
na

a an esive. l[aver or other consir
electrodes that aﬁaceh én? ﬁ)ca ions. Tn certain xternai aspec n[s Lfﬁe réceiver may be

configured to tﬁeﬁﬁ@@nm @@CWW\C@W&S@éiﬁt@ilWWQ%aﬁ%ﬁ@'ﬂﬂi?@émMﬂémyh|féaytlf@15|ently For
example jthe rmig@fe@n@ytt@ ladesh/ aHashadd targentast w@ll@r the pilhjdngasblgevent marker,
etc., is actuall be| i‘ go [ Iutstrate hetre eiver ma onﬁf% ed as an.external device
having two flné%rg g&% ’or°’ Hgn g}nﬁso[ﬁﬁoﬁ %gé‘s ofaﬁfi%grrﬁ SficE' %Lﬁ%led pill, the
patient touchegaye>elevtigtiesdde geapisalsohalsdmpipsievicesipiite of tonslimeve eiscuiowith the
receiver. Upon,emsaigobthe ﬁﬁ@ﬂﬁéﬁr%?r%%@"eﬁa%ie&%ﬁ@rﬁh‘é‘c@dl dissalvpadmdhe stgmach, the

signal emitted by the identifier of the pill is picked }gé‘%t e receiver. 5In certain aspects, the external

receiver may |mﬁd'?ﬁﬁnfgfﬁrl%ﬁr5f’é'8ﬁomc§%rﬁé iRteEPaTLY Wil e @8ctr8dESf form a
bandageistylespachiwith, etectiiedpsatiat, hahdmabpléstiecarumectithe shan. Fhetsmitagerstyle may be

removably altagagpies s oUa L ANBSHE RIS & AIELS WS HHE B8 £oBsBagRd Riectionics may
also be includéd. The bandage-style patch may be
use in the present systems include, but are not iimited to, those described in U.S.

Patent Nos. 8,315,719 and the like, the disciosures of which are herein
incorporated by reference.

3.2 Implantable Receivers

in-certain aspects, the receiver may be an implaniable, i.e., designed and /
or configured for impiantation into a subject. Impianiation may be on a temporary
basis or a permanent dasis. In these aspects, the receiver is in vivo during use.

25  Generally, implantable receivers may maintain functionality when present in a
physiclogical environment, including a high salt, high humidity environment found
inside of a body, for various periods of time. Periods of time, for exampie, include
a few minutes to eighly years. More specific time periods inciude, for example,
one or more hours, one or more days, one or more weeks, one or more months,

30 and one or more years.

For implaniable aspects, the receiver may have any convenient shape,
including but not limited 0. capsule-shaped, disc-shaped, etc. Various receivers
may have relatively small sizes. These small sizes may be achieved, for
example, by incorporation of a rechargeable battery. In one aspect, the
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10 configured to be positioned on a desirable target skin site of the subject, e.g., on the chest, back,
side of the torso, etc. In these aspects, the bandage circuitry may be configured to receive signals
from devices inside of the subject, e.g., from an identifier 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, etc., as described in greater detail
elsewhere. Bandage-style devices that may be readily adapted for use in the present systems include,
but are not limrtedthdaydhnsediesoriteedanifd SR ateabdNosv6 @éék%lgmadMerlikﬁ)dbte thisclosures of

which are herelg, noerogias o "ElfiBRGEaR ZABRAnIAYle ReEEUS coo I Geriginagpects. the

receiver may be an |mp a l.e., designed and 7 or con%gure for implantation into a subject.
Implantation nf4§ BaUSA'E f&ﬂpﬁﬁry%ﬁ%’%"d?%)’ﬂ@rrﬁ%m@h‘f $isDMRIFESE T5pat481RAE Feceiver is in
vivo during useliffafebeatails. iMRiantati o eceivets maydmﬁ@tawuﬁmaﬁlomélIéwmhsntﬁéesent Ina

physiologlgal e&d&g%@?ﬁ&u\%u g@h@ rﬁ%&’n p%!é%:dc?é d%é(n p&\{g%nguen fou inside of a body, for

various petiods 0 eriods time or exam SW minLtes: élghty years. More
specific time periods!Te3ias %P’éﬁ%ﬁlésmsemﬁé?é%@ %ﬁ@’&aﬂﬁﬁﬁeﬂ%’%; bPre 8 more weeks,

one or more MgHy#isaif0 AMAGQNEORANBNY YRAES. typeF@ff impl@rﬁtt@d»ée asnestsirthesreggiyer may have
any convenien%lshacpe |ncI |n\% but n%t limited o} ﬁs%lg t% ogsc SE%P%? gtc Various

. S fhe r 51ca avice
receivers may have rélatlv ely’ sma zes Kese'd FSizes may e AChRETRS Tor exariple, by

incorporation ¢f-& raécitxieRabiehasieas &S é@ﬁ@ﬁ@d@ﬁﬁé&@ﬁﬂ@@@ébl@lbm@@ R&Rsafe span of

about twqweeggeﬁmaémb@rn@@p%tatMaegb@fma@l@ahﬁ%@iapr@ééicaﬂw ahatags freen various
sources, e.g., c0|IC§ in the agents bed. The receiver m ébe confi QIFafﬁﬂ’%Iaced in a number of

different Iocatlgﬁ %%%ﬁ% 989I@@gtligﬁ@?ﬁc?ﬂgeofh%oé% 6%%%3 3 E¥Baki€ the shoulder,
e.g., where implagreiithe (rAseiyenerdteorsrares fadedBte. Implareeatin dmptantabletasgsécts, the

receiver is a StgpdglonglRCe e é’_}@t Q{b\(s|%4%goqgect%;%%yeotgg[Sg/p%é}fé@g@ntabIe device.

In yet other aspects, the receiver may be p gsma ly coupled to a second implantable device, e.g., a

device which SSVS YR BV M BRI B o BRSRHES G &Sensors. 10 Such a device may be a
lead, suchsas a cardideesieatartagduTeeilnstrate Athe eaediolssenl avHisads enegsinthedeione or more

distinct physiolggicalSeNFoffeRs: ‘r‘\ﬂée@c‘él%';eﬂ%iﬁ ;F}dI]HQ' éwgweada%% \pplangable devices

of interest further inClude, but are not limited to: |mfp lantable pulse generators, neurostimulator devices,
implantable Ioé‘f)c?é%raﬁ’l‘?e@l% WEREER SRR P ERSRRIdRIAMEe RS ERAIERIch serves to
receive the sigiad@finteoeshsrhatueceives sgnainchule s\ bty Ofdiffgrantdypesiehmaeiver

elements, Whe(r?&@n‘?aﬂ?ﬁ‘éb%&@”?ﬁer?é%%'ﬁé@ ﬁl&”]ﬁ&bﬁ?%%%sé\f %Yé‘ré?e%f?S@éeé‘%Pge?&{ %nat”re of the

signal produced by the signal %Zgneratlon e ement In certain aSEﬁCtS the recelver may Ihclude one or
more elecfod &S5 BRYEEHRY D6 Sighli SSHRIRIIPDHFIBTBERGNEP JuSERGONRIEARARY 99 fBistrate, the
receiver devicenmaypdeprovidediyitviweietecitedes thairareigizpessed: ad apresieteimined distance.

The predetermyeg distange mavallow g slegiodssds delsetadiietealal valtageT e distance

may vary, and In certain aspects, ranges rom out 0.1 to about five cm, such as from about 0.5 to
about 2.5 cm, @iteraigliyoltage. The distance may vary, and in certain aspects ranges from

about 0.1 10 about five cm, such as from aboui 0.5 to about 2.5 ¢m, e.g., about

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

conductive body element, e.g., bicod, and the second electrode is in contact with

an electrically insulative body eiement relative to said conductive body element,

e.g., adipose tissue (fat). In an alternative aspect, a receiver that uiilizes a single

electrode is employed. In certain aspects, the signal detection componant may

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

glement. In certain aspects, the signal detection component includes an acoustic
detection element for detecting signal emitted by the signal generation element.

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

the receiver simply retransmits the data to an exiernal device, e.g., via
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25 one cm. In certain aspects, the first electrode is in contact with an electrically conductive body
element, e.g., blood, and the second electrode is in contact with an electrically insulative body element
relative to said conductive body element, e.g., adipose tissue (fat). In an alternative aspect, a receiver
that utilizes a single electrode is employed. In certain aspects, the signal detection component may 30
include one or more coils for detecting a signal emitted by the signal generation element. In certain
aspects, the signal detection component includes an acoustic detection element for detecting signal
emitted by theighatigemserstiooelemention. 1A teeeivaipmay, hasdisceeeivechdatasinnarious ways. In
some aspects, the recejver si retransmits tatoane vice vjia _conventional
RF communicg?ﬁ)eﬁ\fei%c %%ale}oaré]%%{gﬂ%e%&?\%@? gr%getgg@s% tﬁ;(gt?réeﬂcaéfg:e%d ‘Lﬁa?f ?gagé@?ﬁ]ine whether to
take some acti@ffeaigtkhalsibpBagtiig spnefeaeMEdR eI conthlr, AetVatingsaisiBle or audible

alarm, transmiffigghetaRiral Hondldesaneliested losaiatkrlsavwhensoly the bedkeor tetlike. In still 5
other aspects, the receiver stoges the received data E% subse.(\]ugnt Jgttar‘ar}(s)!missﬁg)sn to ahqother device

or for use ih pr(g(hzgrssﬁﬁsé)%(ftgub heequé%ctea’aetra, %.Ogr.e,sde ectinraceei3 |(:ﬁange in some pargﬁ]ue%er over time.
The receivers reEgnpentsion am\aoomh@irtaiiee o tiesesani Fopeabeing féragesudm@atteived data. In

certain aspectg, Dedgi%@irﬂ'@ahaéﬁaﬁ@@rﬁ*ﬁ@d?ﬁbt%%@tét%%ﬁ giggnentrk0 ﬂé‘@éﬂ%aﬁi@ﬁﬁt one of, if
not all of, time, date, and an identifier, ﬁ’i lobal unit“i]ue serial number, of ea,chcﬁm osition
bl tese %

administered tBGéT?JHhéW.G? ORI 58 ﬁ@ fc%%%'ﬁeﬁ%ﬁlﬁasoﬁﬁ@ (r:%cﬁ’%% ‘'or a coded
version thereof. Thelda&trtemediontitheldatihstatgeeiandntoitheaeceivepemapfanher include

medical regord jnfprmatinnaf e subieciywvith whighiheseceiury i lR@saREiIAle, gigbaidentifying

information, such as but not limited to name, age, treatment record, etc. In certain as;gects, the data of
interest includ&HefRotRHfANTMEIELS AFeRTERLSTRRATLOR A9PURIIIRE d8td JaHEdtest iRtlude cardiac
tissue propertiezntiti@ertayn aspetisciherdataahmterastindogesioous physdddgiermsietrics or

parameters, & g BUPSHIe 2 YOG SReAS RMERLS SARIRBLAIFE BEMIJasAraigyate, pH, etc

As summarized above, the receivers can be configured to"have a very small size. In certain aspects,

the desired furlEBiBHARGMHEFIAHEERAREPTS BERTBREaRMAIHEr BIrR S MBI f BRRURS Bind a battery.
Aspects afsthedsasinion, iseludegegingrpitat have aldeast avecelyvématementaeg. adwe form of one

or 25 more elegliagles (Sych s tup Shaced apar slegipdepland.aowel gengrafion,glemen, 9., a

battery, where the battery may be rechargeable, etc., as mentioned above. As such, in certain aspects

the power genBfEIRSYABTRCTHERSEETVBRIE 1 FEEEIe ISEREE wifsIcAR RoiRtaiRBxtdfHaFlocation.
Additional eleragrigdhiatmaybsopresent darthe eeeivel ineldde butrase=30inatdisntathte: a signal

demodulator, &g, for decoding Ine signgl emytted fom e gharyayiniprmaics ensbied dentifr; a
signal transmitter, e.g>; for sending a’sighal from the récéiver to an external focation; a data storage
element, &lg., OMBRHEdaEH g APEMEECrEy &l sRifial, physiological parameter data, medical

record data, etc.; a clack pipraspbcedboler aasesiatingsacspesticbnmgumty @have a very
small size. In certain aspects, the desired functionality of the receiver is achieved
with one or more integrated circuits and a dattery. Aspecis of the inveniion
include receivers that have at least a receiver element, e.g., the form of one or
25 more electrodes (such as two spaced apart electrodes) and a power generation
element, £.0., a batiery, where the ballery may be rechargeabig, eic., as
mentioned above. As such, in certain aspects the powsar generation eiement is
converted ic receive power wirelessly from an exiernal location.
Additional eiements that may be present in the receiver include, but are
30 not limited to: a signal demoduiator, e.g., for decoding the signal emitted from the
pharma-informatics enabled identifier; a signal transmitter, e.g., for sending a
signal from the receiver to an external location; a data storage eiement, e.g., for
storing data regarding a received signal, physiological parameter data, medical
record data, efc.; a clock element, e.g., for associating a specific time with an
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event, such as receipt of a signal; a pre-amplifier; a microprocessor, e.g., for coordinating one or more
of the different functionalities of the receiver. Aspects of implantable versions of the receiver will
have a biologically compatible enclosure, two or more sense electrodes, a power source, which could
either be a primary cell or rechargeable batter.y, or. one that is powered by broadcast inductively to a
coil. The receiver may also have circuitry consisting of: a demodulator to decode the transmitted
signal, some storage to record events, a clock, and a way to transmit outside the body. The clock and
transmit functiealitysuehyasnreeetaircaspeigsalbe grdtatniifies ttandenimerassaid. bkeanRF 10link or

conductive linkfo mavedrirmatiprlampiasabaaipaiersaa iR examaldapstorage.  Forthe
external receivers, aspects include structures that hivc?ﬁelectrodes QP%osed to tﬂ% %skgl@\,v/the

demodulator, storage>RaTF pIWEP'FHEUE AR R 1 P B hir il B8P pR Y er one or more
conductive medmapaigle wirelsskfsopicaldibescetense elactedam aspewts, tHoersamehitbctrodes are

used for fgcei}."&!ﬂg%%ﬂé%?@BHH%:%J%Q'&- RaRdRRAe aRs BRI AR cgnductively in

contact with the To move the data from the implant to the wristwatch, currents may be sent out

the pads and PEeaAGEd PHSIRHIRARY: THISEPSRYS FoPN @RBARYE RECHID ARISESM8 ¥ acilitating
transmission eui@fitide modysthatsdayhee ranyphiyetisisnah seneductage protmoodsaiatisise coils.

Alternatively, glegicfiglds may b arpaeduisng inguigieg eloalodes,lopmxampley;  In certain

aspects, the components or fuhctiona s of the present receivers are present on integrated
circuits, wherdWHeiARgl 08, dit SIS M BRRASS5 S RHIBSr of RASTRIETIR AT bR ERSTFe., modules.

Within a givenirecgivemd@ideastisrme @bve. gnfdvwmasmpsen Ugctd aminsiodiog rll ofichelfunctional
blocks may be raeg,terrlcji in a single integrated circuit in the receiver. By single integrated circuit is meant
a single circuifjs}ruc UFd that includes all of the different functional blocks. As such, the integrated
circuit is a monolithi€ MiBGraxtaInat caReiEpsd J0NaTEWAALRCSTHISHSRS EE, TRYG 6E5HO@Econ chip,

computer chip,gp&kuR) ik ed SsRimMiRaEEeE SiestrenicagiCaitdvdoigbr Meneinehiaeisesaigonductor
devices, as well a assi\ie compor%entsg 8[hat has been manufagtured in tiae surfaceilofsa thin substrate

of semiconductéY mat&i& ?ﬁ‘chgrir%)faergorg?e Siclitd'areenain 5%%(3%%"& the !par’e%gﬁt\fin\?ehtion may be

hybrid infégratedicitdibiess \ekich are miniaturized electronic circuits constructed of individual
semiconductor deviggscasaikelh asBaSSiMe GHMRORRINSRANIRE tosasubBiratRRIngirewt board.

fransmitting signals. One mode may be a wristwatch which is conductively in
contact with the body. To move the data from the implant to the wristwatch,
currents may be sent out the pads and received by the wristwatch. There are a
20  number of RF techniques for facilitating transmission out of the body that may be
amployed, such as inductive protocols that use coils. Alternatively, electric fields

may be empioved, using insulated electrodes, 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 to an including ail of, the functional blocks
may be present in a single integrated circuit in the receiver. By single integrated
circuit is meant a single circuit structure that inciudes ali of the different functional
blocks. As such, the integrated circuit is a monglithic integrated circuit {also
30 known as IC, microcircuit, microchip, silicon chip, compuier chip or chip) that is a
miniaturized electronic circuit (which may include semiconductor devices, as well
as passive components) that has been manufactured in the surface of a thin
substrate of semiconductor material. The integrated circuits of certain aspects of
the present invention may be hybrid integrated circuits, which are miniaturized
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As reviewed above, the receivers exhibit reliable decoding of an encoded signal even in the presence
of substantial noise and a low SNR. This functional 5 aspect of the receivers of the invention may be
provided via various schemes. Some such schemes include, for example, coherent demodulation,
e.g., Costes loop demodulation, accurate low overhead iterative decoding, Forward Error Correction
(FEC), and noise cancellation, e.g., as described in PCT application serial no. PCT/US2007/ 024225
titled "Active Signal Processing Personal Health 10 Receivers," and filed on November 19, 2007; the

disclosure of wAugh dsiberetniincanparatest by retaianee. thebraaeivegoickierestiarlage, but are not
limited to, those described in: V\(O 2006/ %%6&?%8' 60/?66 581&?% ,251; 60/956,694, 60/887,780 and
C

/94
WO 2006/116?f§?%eecglnswgfg}se@rgsbgp \%?ﬁl are” %trr&r? Pr{‘c%?%oratc)eaé jy reference. 15 Methods

Various aspects incldgelefdpwesdaipiee tthadefitivey svixHpltireliRRieeeisiaine of an angoded signal;

facilitating, via gganshes finachipralibeppdularsanasricalipnofibessignakiandrerpiying, via a
receiver, the encoded i&nal, as 20heretofare described. Iné%gg asef)ect the method provides
ti

characteristicsDPfe 8 (?dree&%?beﬁﬁl? EriVEHe Eh’g?gc?grig%/ s z\éag%\?eﬁ’%%%ﬁ?hption to
facilitate the reGeiversivchtdgxsnendofitite follexdmpispeitirgphredmunetione dcantpsieive mode,

waking up quigkly, afehWalingrP-eing.2 Bk 8¢PhanahiRrababibiciak dhe-2rlmasEer is present.
Further, varioug aspects may_ alternatively or o ﬁ:ag{\ally include such steﬁs r%ated },o beacon
functionality sUeH RSYRRIEfrlg, 974 AR EAATITARINGIE AoASR BSMAT e TBRGRIRE encoded

signal; facilitatiseyiariaca REH LS HopPpiRgF uietioHatityerbanadel cowsaingiCatiornal Heiincoded signal;
and 30 fagjitating, a2 colisigpaAidanreucignality madue camapicaiion ofibrgncoded
signal. Some functionality may include, for example, providing beacon wakeup functionality; providing
beacon signal RFREREIHAAEL LY EHEIHHY £OGHERETIUE WAL LRgHEGRAE A ROIBRfNg a first
frequency thattis thfker efttsthdmacaidatdSignabiwheh i aogsesand sreadensy; addisopdating the

encoded signal e, S fytthegyarioysAsas%s My Aiemayely of opfinelyindludasteps related

to frequency hopping generating ran frequency hops on a narrow transmitted signal.
incorporaied by reference.

15
Methods

Various aspects inctud@,. for example, transmitting, via an in vivo
transmitier, an encoded signal; faciiiiaﬁng, via a transbody functionality module,
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 opiimize power consumption to facilitate the receiver
in at ieast oneg of the foliowing. spending maximum time in an inaciive mode,
waking up guickly, and waking up during a period of high probability thai the

25  transmiiter is present.

Further, varicus aspecis may alternafively or optionally include such steps
rejated 1o beacon functionality such as facilitating, via a beacon functionality
module, communication of the encoded signal; f{acilifating, via a frequency
hopping functionality moduie, communication of the encoded signal, and

30 facilifating, via a collision avoidance funciionality module, communication of the
encoded signal. Some functionality may include, for example, providing beacon
wakeup  functionality, providing beacon signal functionalily, generating a
continucus wave, single frequency tone; providing a first frequency that is
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Further yet, various aspects may alternatively or optionally include steps related to collision avoidance
such as transmitting, via a first in vivo transmitter and a second in vivo transmitter, at different
frequencies; modulating a duty cycle; retransmitting randomly; and spreading across a frequency
spectrum. 10Modulating a duty cycle may include dithering the duty cycle and spreading among
frequencies. Transmitting at different frequencies may comprise providing multiple band pass filtering
by different devices wherein respective signals associated with different frequencies are filtered by
respective bangiifpass: fittersa HajArtighes whidaidcissasmects fraysnciudedmatticiingangprising, for
example, a sto(gﬁg@dggegwlhaving instructions, that when executed by a computing platform, result in
execution of a method of providing transbody communications employing 20 communication channels.
~ The method, for examiBldUiRS) ¢ERTsBSPRABUT 3re PLEETFHITNA RO IS SBHEISIHER &8 BRnsmitting, via
an in vivo transenitter, iarrregoeasd rmigpiak faeiisading vimdotranshosheiunotienality moetie,
communic}%tion Orgoﬂ;t?re glggﬁ l; and‘r(?ce.iving, via a receiver, the encoded signal. Various other steps-are |

illustrated eretofore. Bﬁq SNAL SYSTEM ASPECTS In certain aspects, the receivers are

part of a body assocfaiEtssygbriaseHe RRHECET S@Ysals! Teltevers, aH@wPonald HiePelevices, both

internal and 3Q&xiesnal cuikeh pravide e vaiehaofieifferamnhtynes ofiriormaliorihatisatltimately
collected and progessed by. a processor, such as an external processor, which.then can provide
contextual datd ab&u? eacf:))g)éelﬂ?\g\éoo%rtapnuétmlﬁ%f ’e%tar%ﬁ%erefﬂ%t%e&qgg?'rensaymboed Lé??ﬁg?n%e?%gfl an in-body
network of deviyelswitisarcantiigvidedambutpottisar sacindesctia abbadprnigereidiiione or more

physiologjgal sgaggdiiRgranagipreyimpiagiabla drvieseregatian oels . dr RN enakemiector of the
data. The external col:ﬁctor e.%.s, In the form of a health.care network server, etc., of the data then
d

. f | K ,
combines this FE&&ide 6%(%8%‘ ata Witk 2daftrAl ré?é?/rgﬂf daﬁ?&%@&ﬁﬁh@%ti%@%@?, weight,
weather, medieabvigiar dddiialeeteandnebasafiBpirurdys diferdispdesiced atdecerovgieebighly specific and

contextual patighais associated with different frequencies are filiered by respective band pass
fillers.
15
Articles
Various aspects may include an articte, comprising, for exampie, a storage
medium having instructions, that when execuied by a computing platform, result
in execution of & method of providing fransbody communications employing
20 communicafion channels. The method, for example, may comprise various
steps/combinations of steps such as transmitting, via an in vivo transmitter, an
encoded signal; facilitaiing. via a transbody funciionality module, communication
of the signal; and receiving, via a receiver, the encoded signal. Various other
steps are iliustrated heretofore. |

ADDITIONAL SYSTEM ASPECTS

In certain aspects, the receivers are pari of g 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 information that is uftimateiy
collected and processed by a processor, such as an external processor, which

then can provide contextual daia about a patient as output. For example that
sensor may be a member of an in-body network of devices which can provide an
output that includes data about pill ingestion, one or more physiclogical sensed
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specific data.  Systems of the subject invention include, in certain aspects, a receiver and one or
more pharma-informatics enabled active agent containing compositions. The pharma-informatics
enabled pharmaceutical composition is an active agent- 10 containing composition having an identifier
stably associated therewith. In certain aspects, the compositions are disrupted upon administration to
a subject. As such, in certain aspects, the compositions are physically broken, e.g., dissolved,
degraded, eroded, etc., following delivery to a body, e.g., via ingestion, injection, etc. The
compositions oftheseaspeaciseebidistavins shestdtion dévices shatdrsntb coisfitpred tbdoe ingested

and survive translt $ough the GARKGIPIESINAlacs A belanUal  BOLERBIRISIRN, infact. The

compositions inc an identifier and an active agent/carrier component, where both of these
components afE HreS@H e FRTRIARR (e ARPEHEE REIERE AR WieadHARRI LR YRB compositions
may vary depeaging ot the partiatilarg20egpecthaathintencdidzapplimatitmaofdice aodpasition so long as

e e AL el SN R, O WU AU O BN SO EBMBRELD Dl Siomach. As

such, the identifier may be anidentifier that emits a s en It contacts a target body (i.e.,
physiological) $¥&Sifif @aition or alternatively, the identifier may be an identifier that emits a signal
when interrogated atigsihasesragtvareadnibnlihaudentifiesmiayabseany cospioaeator device that is

capable of proyiding & detegiable signal pllowing agivaen, &.0. pen sentaghnily e target sie. In
certain aspects, the'identfier emis a S|gnaFonce the composifion comes mto contact with a
physiological thrgetisitazeiorasitmanaiioe Priisacartea eampre P patiént dAkNEiAgesta pill that,
upon confgct withiihnstemasss it sagnpeintiesraiideisstable sigaalinerediie fogapasitions include
an active agent/carrier %omcponentt, Br¥ "activge %%gn ct?r(r)ier comp é)tpa%%tr: itso rgeggé.acgoglsposition, which
may be a soliforfifd % ?g.,%&%?aﬁ,'%vﬁicaﬁ?h § _3 SORY T ARLIVE agent,e.g.; a {:?os'age, present in a
pharmaceuticaiiziadoestabie azneies. TecanestigenrcarBsERhHpoivEan nga: bésesida®dd to as a

"dosage formulationiad; erdBEHYERIRMoVIIE USRS RAPYLOBRMHNILT RIS Ri-CaRmRAYAdSs which

produces a physiological result, e.g., a beneficial or useful resul tact 5 with a living

P roaniam. ¢ o 8 b RPORER e TS AS Ao e, S A I AT /R &Eh components
as vehicles, cawidigyrdiuents; inbesantsnbinderyandoshehfongiutatngeatdsnaatreht@ssulating or

otherwise protggtive omponeRisohBRBFIVR AISPhMaHRR ARrRISGHE a ASRH RS Rigding portion or

fragment thereof, that is capable of modulating a biological process in a living 10 subject. In certain
aspects, the a8 AERRLGATECA SQIBRPARBE YEELFiIRTHE Wil6S8MPRARHER PG Ention of a
disease or as & eophponerduicaliinacicatatie Weiteiktain aspects, the active agent may be a chemical

supstance, Such as & RR{GERAI"8! AL A ar8epeRtinb N R paMRaRY and causes
cnanges ’Izr(!) eag;\)/éa%g'and intended application of the composition so long as they are activated

{i.e., turned on) upon contact with a target physiological location, e.g., stomach,
As such, the identifier may be an identifier that emits a signal when it contacts a
target body {i.e., physiological} site. in addition or aliernatively, the identifier may
be an identifier that emits a signal when interrogated after it has been activated.
25 The identifier may be any compaonent or device that is capable of providing a
detectable signal following activation, e.g., upon contact with the target site. In
certain aspects, the identifier emits a signal once the composition comes into
contact with a physiological target site, 2.g., as summarized above. For example,
a patient may ingest a pili that, upon contact with the stomach fluids, generates a

30 detectable signal.
The compositions inciude an active agent/carrier component. By "active
agent/carrier component” is meant a composition, which may be a solid or fiuid
(e.g., liguid), which has an amount of active agent, e.g., a dosage, present in a
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15The active agent (i.e., drug) is capable of interacting with a target in a living subject. The target may
be a number of different types of naturally occurring structures, where targets of interest include both
intracellular and extracellular targets. Such targets may be proteins, phospholipids, nucleic 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, targets comprising domains involved in protein-protein interactions, such as the SH2. SH3,
PTB and P07 domainssisatiuietepeieinsaey. dobnadubylimeatcamenbrans ecemonss

immunoglobuli%er(;eg.t gegog%pg '%J@ﬁggtors, such 25as integrins, etc, ion channels,
transmembrane pumps, transcription factors, signaling proteins, and the like. The active agent (i.e.,

drug) may include oné%K 8BS MINEGBESgPOY PRPTIRBESh B/ B SHFcRIr PRSI N the target,

e.g., groups neseasesy fophysisrpiebisdiydnphiicostesipstatioavestovaentisiesactions,
depending 30 o the.e.articular drug and its intend?d target. Where the Lar et is arBrotein, the drug
S Eh a2, livin : % 25 cth S are

: 952~ it grdanism> €9, a mamipal, sficr & a numan. g
moiety may include fUnCHonal Groups Hecesuary for structural interaction with proteins: Such as
hydrogen bondiisgnenjainepleotsiechsiito SRBINR Rt AtivRicde coryseitic dhteristitiascants; and may

include at leashaRaaHR BiRi Sorsvlfawel YaiarBaybri¥dexmt ) eArbexsrharwpssHgas at least two
of the functional chemical

groups. Drugs of interest may jnclude c¢yclical carbon or heterocyclic
structures and AP WRIRARe Do 4 RER SHRS TRS R ReEP Wil Bme G TRTR BT 5. above
functional grouiagmésd bBEmErésthis dampbiieticwdusning cluriedical dumessgibienivikeules,
including peptidesesaqrhasites. Jaibracion gierridsyamirings. pyrimidines.detivatvgsystructural

analogs or combinations thereof. Such Qor%%ounds may be screened to identify those of interest,
where a variety 88U AEELPEEhINY FEUTBIR LY kAoWRCRSth & arfS18TRY ML S Be derived from
a naturally occonetiicptorsyintitetieicompaundithatoiney bgeobtameddramramwitk vabveinoat, sources,

including liratisPLSYVBRIGIOGRAMIRIAARAUALA LIS BImIRYS HeaRs are available for

random and directed synthesis of a wide variety of organic compounds and biomolecules, including
the preparatiorP$fSEheFRABESd MBS nucleotides and oligopeptides. Alternatively, libraries of natural
compounds in the foffheohbictertminfungaldplantsandomnimalf éxteaatsrarevianadlablgeorineadily produced.

oo R A N e 4 TR AR o
libraries. Knowgfcurring structures, where targets of interest include both intracellular and
extraceliular targets. Such targets may be proteins, phospholipids, nucieic acids
and the iike, where proteins are of particuiar interest. Specific proteinaceous
20 iargets of inferest inciude, without limitation, enzymes, e.g. kingses,
phosphatases, reductases, cyclooxygenases, proteases and the like, targels
comprising domains invoived in protein-protein inieractions, such as the SHZ,
SH3, PTB and PDZ domains, structural proteins, e.g. actin, tubulin, etc.,
membrane receptors, immunogiocbulins, e.g. IgE, cell adhesicn receptors, such
25 as integrins, eic, ion channels, transmembrane pumps, transcription factors,
signaling proteins, and the like.

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

30 on the pariicular drug and its intended target. Where the target is a protein, the
drug moiety may inciude functional groups necessary for siructural interaction
with profeins, such as hydrogen bonding, hydrophobic-hydrophobic interactions,
glectrostatic interactions, etc., and may include at least an amine, amide,
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20 pharmacological agents may be subjected to directed or random chemical modifications, such as
acylation, alkylation, esterification, amidification, etc. to produce structural analogs. As such, the
drug may be obtained from a library of naturally occurring or synthetic molecules, including a library of
compounds produced through 25 combinatorial means, i.e., a compound diversity combinatorial
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 peodbging, aradserde mydy sudoBEalistiys Wespf sutichearathis@h iwcoppdrated by
refer.ence. fﬁ&@ﬁa@@ﬁ%ﬂ?&i&%mlﬂﬁive agents of intgrest include,. but are .not limited to:
cardiovascular agents; pain-relief a%ents, _e.q., analgesics, anesthetics, anti-inflammatory agents, etc.;

nerve-acting agents EHE MU BELMaYe BF it A¥T |5 st e At LB OB HFHFRRed above, the
compositions ahtie ianemditn dubsamolatde stpbansmsentitalydanteptablevetidefi g carrier).

Common ¢arri Jol! chgs.care r N se,
microcrystgallin%%e ﬁ(@? ﬁé%%u%%n#ﬂi?, @ic@%:%m %%i%ﬁg%i@%%ﬁé% %ﬁ%&%sgs an g)lginic acid are
of interest. DisHteYFatIPE BRIy NFEEH T tRRPHSHRRUISAEARATIEBE thEivERtisn iFlerqifs:
croscarmellospunnigs 0 pystadinescelislivaey @riistiarcis| sackitpsstarciogiytelniesancalginic acid.

found n penc e D T B T s e e e L et fed on
April 28, 15 2068 A8 0 REACSIR RS RIBVRIBIAR APplication Serial Nos. 60/807,060 titled

"Acoustic; i harma-Infaematiess Sirsie b cfilgstoadl bl 22026008 e2R25ntitled "Syantegatied Activation
Pharma-Informatics Srdet%%}’" filed gn Octaber 25, 2006; and 60/866 §81 titled "In-Vivo Transmission

Decoder," filed ONNovember E‘f}/ 2 86?%%“3& rodsrﬂreas ‘8 v%/h\i/ér’}'wq%tye %eFé’.H’”?r?ébr‘é‘Sr%?E‘c‘i’ by reference.

20 In certain dBpRsiEis GhesyREIMSTIMEIUTR apreseentisl dedicexanith iBUNStinES frs@nthareeceiver (which

may be implaniegasisopisaliy-ApRliesghin %@éﬂ@da%?ﬂﬂ{&ié"”&?r@ tm@@%mifdswieﬂgaﬁ@/ides a

number of functionalities. Suc %SPPMT#SS can include the ca%Jacit / 10 pr?vide feedback and

appropriate cliffCRY Nt 1o WL BEEETE: s (AL HEVilR AN TRREAHRY of'a RIAB&SFforms. By
15

oligonucleotides and oligopeptides. Alternatively, libraries of natural compounds
in the form of bacterial, fungal, plant and animal exiracts are availabie 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
2¢  pharmacological agenis may be subiected 1o directed or random chemical
modifications, such as acylation, alkyiation, esterification, amidification, etc. to
produce structural analogs.
As such, the drug may be obtained from a library of naturally occurring or
synthetic molecules, including a library of compounds produced through
25 combinatorial means, i.e., a compound diversity combinatorial library. When
obtained from such libraties, the drug moiety amployed will have demonstrated
some desirable activity in an appropriate screening assay for the aclivity.
Combinatorial libraries, as well as methods for producing and screening such
libraries, are known in the art anc described in: 5,741,713; 5,734,018, 5,731,423,
30 5,721,099; 5,708,153; 5,688,673; 5,688,997; 5,688,696; 5,684,711; 5,641,862;
5,839,603; 5,593,853; 5,574,656; 5,571,698; 5,565,324; 5,549,974; 5,545,568;
5,541,061, 5,525,735; 5,463,564; 5,440,016; 5,438,119; 5,223,409, the
disclosures of which are herein incorporated by reference.
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25 example, the device can be configured to sit on the bed next to the patient, e.g., a bedside monitor.
Other formats include, but are not limited to, PDAs, smart phones, home computers, etc. The device
can read out the information described in more detail in other sections of the subject patent
application, both from pharmaceutical ingestion reporting and from physiological sensing devices, such
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 external device. One
feature of the exterrBbapparaneses s adsifeauepiooideipratinatsiogicadig paySIegitinformation in a

form that canfesfsansmisted darpuoRAtiansmizeiar mediumnsgebias arlapbaae . to a remote
location such as a clinician or to a central monitgring agency. ms of the invention enable a

Syste
dynamic feed B3GR AFRERY 165p° of BYEIARL el Eﬁéncﬁmxgﬁ%v&s,erﬁeagmfng the
response to therapgstanddenecaiemending altered dosing based on the physiology and molecular

profiles ofdndividual alieqls . FAEX0B!GnE SHIIIGIANG e tiRHHER PRNIGN IRkeRiultiple drugs

daily, primarily with the goal of reducmg{ the heart's workload and improving patient quality of life.
Mainstays of tPRAAPFREICRIY aAGISRIARIR cYrVERING BnzfRTEFACE MABRors H%Roc®ats and diuretics.
For 10 pharmaseipticad thesapy 6 beceffectivehit i vigaldhat patiests adbereds, theicrpsescribed

regimen taking,thsc/Riliad s at e ARRIAAHAL? Bos MuIRIR shitiesdaithe ifigal Iiterature

demonstrate that more than 50% of Class Il and Il heart failure patients are not receiving
guideline-recofnBREUAHE RSO TR ST itHYSEIRHE R TR KT ateR BMyai650% adhere to
the regimen. Witthéhenkinissibjieciaystemsahealtbiailurecpatiesitdieanceeunenitosed fargatient

adherence to EI{}%{%&%Q ﬁ%@&%‘?@%‘fx@%@?ﬁ@%&e can be linked to key physiologic measurements, to
! aod.

facilitate the optimization of‘therapy by sicians. In certain aspects, the systems of the invention
may be employed td" 888§ afeigfregafe ¥t inteRsfEon that MR&TR O EERSHE at£ BHRICAdministration

data. 20 For exainplpconisacarceainiimmiherhgarbsatentie respistiony areg muliiaisigiacceleration
data, somethi |d.status, and something about temperature, and derive indices that will
inform about t%%?&%ﬁ é}c{}tﬁ//{t%ﬂgp t;@%gu b?ggtaf %gé]ﬁ%rﬁr%e&as%&g% geriaz‘r@%t?éle@?p%@s%&%%lé?al index, such
as an actidity idefisx. FowplsemeighanateerEigvisiosd inpehasepairer Aeblpsrate/§6e8at a bit, 25 and
re?r;iration ShIOQiﬁQ;? %dugﬁ@fﬁmlmbarﬁmhmm@da%t@gﬂmmmnﬁwtﬁhﬁmoefom@%m activeé| By
calibrating this, the amount of calories t erson js burning.at that instant co e defermined. In
another exame@%%ﬂﬁ&gﬁq r%%ﬁ%’%nsg{%%ﬁ%é%@ra ?ﬁzﬁl?ls- %@n&cgéﬁépa?%ngé%a%eéa%indicate that a
person is walkadgtupadsed/666tals lided thorvitharenetasidnferhovei dikdepie Aigveteseare 30 using. In

another aspec; bogysahMeasHEarRe Rt (PrinEREmEnaRdaReBARlR 6P eheeembined with an activity
index generated from a combination of measured bijomarkers to %f erate agp\ﬁsi(go%[gcil index useful
. E\(Tel ]

for manaf;%ment of éﬂﬁ%ﬂi‘|8§%98?sc%%ﬁ¥\?é%@aléﬂp §|t?1”p%t§F8 MiESiny be combined
with cardiac pédorthamnegsingicaties toayetaigobdipic urisptalietaib insaitcanhiclaszasde combined

with pharmaceyjical therapyadministiation gati nAnRIRBE AR fine s aHEY finddor gxample that a
P P aias e Chaatmi 1o e fonChack i sharerint Gsngnae in the
regulation to the patient. Such a device can take any of a number of forms. By
25  example, the device can be configured to sit on the bed next to the patient, e.g., a
bedside monitor. Other formats inciude, but are not limited to, PDAs, smart
phones, home computers, eic. The device can read out the information describec
in more detail in other sections of the subject paient appiicalion, 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 o get the data out
of the patient and inte an external device. One feature of the external apparatus

is its ability 1o provide pharmacoliogic and physiologic information in a form that
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5 electrocardiogram. One can develop a pharmacodynamic model for the metabolism of the drug, and
use the information from the receiver to essentially fit the free parameters in that model to give much
more accurate estimation of the levels actually present in the serum of the subject. This information
could be fed back to dosing regimes. In another aspect, one can combine information from a 10sensor
that measures uterine contractions (e.g. with a strain gauge) and that also monitors fetal heart rate, for
use as a high-risk pregnancy monitor. In certain aspects, the subject specific information that is
collected usingdhersystemstetitredoye aticmemigdientrastsonitieddo @ lacakphonbdire jtéisacombined with

data from one %@@%ﬁ) éaa%wgﬂﬂ w.VﬁH@'ﬁﬁooffg\éiqgrﬁr&%%BﬂO eaasgg%@ which is a composite of

data collected or more, e.g., 5 or more, 10 or more, 25 or m r more, 100 or more, 1000
or more, etc., individB¥He Thal dapPY_RECa RBERMARYABRGIePRBaRAC & BABER P8 according to
different criterigaghehmastrcavaialtentp ane ievsnoresifieragt pesspbasoupshergpypatient groups,
health care pragiilioner gioups, 216 wiere e ANRLIANIANG20, 01 AB1a Y e Sgfag o limi the
access of any given groupo thetype of data that group can actess. For exam;ﬂe, ata can be
collected fromindi@idigibreditcnigividt@lsarainae sUfRARICFEICtHEaAn BthdERNaM<8king the same

medication. The gl earbeRrRcassadanstiemelopaddordevalepieasieier tollevkdisplays regarding
patient compliance with a haEmacqwicg; qgga%arie%imen ngd 25 c[%/ener Icpealth.. Patient members of

the group can ST FOrmALTON afd Se6 how the rscé)mp iShce matches %%OB%H%'P patient

members of theogretingandnzyrether #ey) arinkinjtying thelbekeefits dnat otlignaiiese expepiencing. In yet
another agpech iacios Gas #3006 gapledctess (0i@ anipulatanatdnecamResigidata to see

how their patients are matching u\%with atients of other 30 doctors, and obtain useful information on
how real patie RISFEE5EhPRMEGiVEK tReEH ETRId FE HRTEM T difineR RIaGIaR fuMtiERElities can be
provided to thesgithegs: giverisiceeisrtotredeompoisie datarnoheiteas dicyfoh Cizssalities ay include, but

are not limited g, Aty toannotats . chaiadinnaliies. saaicar ieass, el GOMPUTER

READABLE M sRAMMING In certain aspects, the system further includes an element for
storing data, 51NeSeAGaRISIHrAEE BRATRINERINePE VIS R M aAP RS IR Sntesimen- iRt device, such

as a bedsigle naopjiter sPi¥msrhadr-phnne pitemypically: herdatasioragsaiementdac computer
readable mediym,. The term "computer r diym" as . u erein refer torage or
transmission mHg%'l%Pr%‘ th%qgga?ﬁc(g:\%%%se inggﬁng\%%%ggnsgﬁct%%siﬁn%ﬁor @a’gg t a8 2 sr%r?%lﬁgr for execution
and/or processifFsUEEREIHR GO GG HifcoREaraiRt W& RoppyIiBRESHakfetic tape, CD-ROM, a
hard disk drive, a ROMenéivegined atswisemagneomminmdisky ot 2rapmpides teegdable card such
as a PCMCIA card and the I|IT<e whether %[‘ aROtn gi%ggsdggﬁcs%§ gié]?alrggm | or eX}Sﬁ”ﬁ" égtghe computer. A

. . r nforgighion [ d,.administratio
file containing %oar%?a?%anemoay & iored  Bh computer readable medium, where"storing" means

recording295 irfferneampisucignedit ROEERS Sitteheal reigeVaD|ceaPEAHAB '@ifte Bylh@EMputer. With
respect to compiigergrsabigmedisepeignanent memend refars toaneniehidialds Arsimanent.

DR T N T PR BB S gy o
all subject, that can be used to generate a physiological index, such as an activity
index. For instance, when there is g rise in temperature, heart rate goes up a bit,
25  and resgpirgtion speeds up, which may be employed as an indicaiion that the
person is being active. By calibrating this, the amount of calories the person is
burning at that insiant couid be determined. In another example, a particular
rhythmic set of putses or multi-axis acceleration data can indicate that a person is
walking up a set of siairs, and from that one can infer how much energy they are
30 using. In another aspect, body fat measurement (e.g. from impedance dala)
could be combined with an activity index generated from a combination of
measured biomarkers to generate a physiolegical index useful for management
of a weight loss or cardiovascular health program. This information can be
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20 examples of permanent memory. Random Access Memory (RAM) is an example of non-permanent
memory. A file in permanent memory may be editable and re-writable The invention also provides
computer executable instructions (i.e., programming) for performing the above methods. 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 and processing a
signal generated by a composition of the invention, e.g., as reviewed above. As such, in certain
aspects the systerngdédchithe candizor peoierosnaa atdiSiEotagget e yrrd, Ricliae Provessing element, a
data display element,fata LansaisHigmelemenbramtiisatanmeshaaisnmisrsisri gafinterface.

These additional elements may be incorporated into the receiver an ,/olé\%)resent on an egternal device,
e.g., a device EbARGHIFAARNSS LB B AIAAIRT FHATRG Y drIeHI ROME ARRLFA remote
location whichqorestigtes suith activiiesSpetease Théathovertiesetilyed systenisage raviéwed in terms of

communicgltio%@&%{ga%i (gé}éq?ng@ O/ PharmareyticaLcrrmpesiion ANt ssceiyerygowever, 5 the
systems are not so limited. In a broader sense, the systems are composed of two or more different

modules that CBRIARAREARE RRITEECAGEHES, 1B NTRERR tRd RAhmIRERVEEANRFSRIMAIY HLities as
reviewed abovigceiga psiagidhesmonepotetEnsnitemtedy. nente noa)r stsusttimestias deseribed above.

s such, the aoyg IGGNLHIPLESERH D8R BAppaIRled Mfieiyaha pralisilglifgrent devices,

10 e.g., to provide a communications system between two self-powered devices in the body, where

the self-powerBacHdiEES IR HRSENIbAHRE FERBNTER AN EMRJRCIERIBIRC ffeBldts, etc. In an
exemplarypsysters @ ieoOhiesecdanini mamtraeiarrensenaint dhe othgrugeaybe engoaraunication hub

for communicartri‘cﬁ)gi ttc?r §h‘?e?§1t5i'%jeeaworr§eTh§8yi”‘{J%Qt_ivgsa%ﬁe% %W@‘%‘ta?%ﬁgsﬁ ern%)gr{gcgps. There 15
can be many sensors, many senders and one receiver. They tan be trarnsceivers so _oth of these can
take turns sending ahd¢et@iviagPaeiso i §uei R GRATENMRIMEHADANGF dfoedlIgCiprcstath aspects, the

means of comgunigatignbewaenitedwe ohajor intivigrakdericasiisdermangrpolansystem, e.g.,
as described above, In these as;fects each of the%e .?en eré.m&}/ be[ confi%Jred t(ﬂ 29 take turns
difon nidual et

sending a high“REqIE Y JRIF THB' atB LSRG RRE ) §&'into and.

olé pu Iir?g%%varge ihtoand out of the
body whidh is afldege whishditercantbesiornddetercatiasiasceiver? 8 mordpole. reeeiverds tetecting at that

frequency the gharge 090G interansost afsiae haryand desadinganeacariedsignalisuch as an

amplitude modulated signal or frequen%/ m%dulated Sii nal. This as%('ect of the present 25 invention
has broad used "EFEXEH e SRR BERsBrs VAABE T et ndARaAtE BRVASU L parts of the
body that measiitergusititeriar anteterdtienaVditisoint having wikesdibensttiyrptotd gentpal hub, they can

communicate th t.,iEQ{%?&%&EI%Q_fthac‘é%?&éﬂ{%@'bm%ﬁy%.!Wéﬁﬁéhﬁﬁﬁiﬁ&lm%ﬁumeﬁ
invention in which the in vivo transmitter is a ,

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 exampie, data can be collected from 100 different
individuais that are suffering from the same condition and taking the same
medication. The data can be processed and employed {0 daveiop easy 1o foliow
displays regarding patient 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 benefits that others are experiencing. in yst

~another aspect, doctors can also be granted access to a manipulation of the
composite data to see how their patients are maiching up with patients of other

30 doctors, and obtain useful information on how real patients respond o a given
therapeutic treatment regimen. Additional functionalities can be provided 10 the
groups given access o the composite data, where such funclionalities may
include, but are not limited io: ability 1o annoiate data, chat functionaiities,

security privileges, etc.
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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. The amount that is administered may also be viewed as a therapeutically effective
amount. A "therapeutically effective amount" means the amount that, when administered to a subject
for treating a disease, is sufficient to effect treatment for that disease. 5The composition may be

administered tg the, stwaieeh HSENE BBy ConMRHanlmrans 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 into a variety of
formulations for therapeertireakpatistritiosysieoiuidinbeb inchaidindtedlama® feokthrswnsaialid or liquid,

such as tabletse capsulesPOYIGERSHANHES: MIRIEISRISSOIHHARM BHRPPS/RNES 8Bl dpjections. As

such, administration of the compositions can be achieved in various ways, mcludint%,ébut not limited to:

oral, buccal, réell, FarcRteReI MRS 6t SHARJEIRA! FlanddRAl: G HFia0se9e
administrationekmpraimnacenatzatdesageltformdivangiVes sompositmnansadsbiberadinmistered alone

o in combinatign aith gt RhBIACEHIGRINACHYE SARRINIRexdm WNEBRRICAISE e

compositions having signal generation elements stably associated therewith. he subject methods
find use in the RFRUMRENPBIUS IRITAPUP LR Rt RTIILITS [ AURFHECHiISE4LY PEFREIIRE: The specific
disease mdi@@mﬁ@ataﬁg;lagwﬁhd@w@iﬁcmm mﬁmiﬁptma@r_etiasamr,iéﬂ)@@me_ typasiof active
agents that cap.be prssentdp fhe Sypleck camaesiionss Js. dsraserandiinsdpplyde. but are not
limited to: cardiovascular diseases, cellular proliferative diseases, such as neoplastic diseases,

autoimmune di88a8ei8 IR6HrRvRBPABNOHMAIG eAse 368t e iRkaSsBR! Piih AMItESement, and

the like. 25By gieatmenbisomersil leasiaramelioraionofdhesymptonsasseciawd with the disease
condition afflicting Ihe sublgeh yinere ameligratian isused e gl sense g reletgipp leasta
reduction in the' magnitude of & parameter, €.g. Symptom, associated with the pathological condition
being treafed. iRBuRINrSHOMehEhIEoin ERRAASS BiLANShSalifvaDheaph sy eoRditfon, or at least

30 symptoms g@saegiatedlithesanith i@ spmeletaiy snbiediae gepraventesdaim happening, or
stopped, e.g. terminated, such that thenzuigéect no | rrllger suffers from tgﬂeboattholo itcarll%?ndition, or at
P

least the symptf%mgrﬂ?gf“‘r}%r%&%rﬁ"zaen% {I%gfgapca Ot ACESTdin ,e'n{Péa |Ir?g' or "treatment”

of a disease iritiidEs el entiply tha diseastefronPossasnigbeapuisimaitisay enBiPbe(peedisposed to
the disease bukdppHHOLYEY e&@@ﬁiﬁ%@ﬁ’érﬁé@?}?“@fﬁm@ﬂm&i@éﬁ?%ﬂﬁeﬁ&@ (prephytadiic treatment),

inhibiting the disease (slqwing or arresting its_development), providin ief from the symptoms or
side-effectd of SR a%feoaf?Eﬁﬂﬁ%Fb%ﬂé{ﬁv %%Eiﬁfg?ﬁ?%%y?@%r\yigég 'aiéé]a%)éa?] iﬁsing
regression of StheodiseaseleFomireqyrpdiedropehisanseintiemay tige dsetdishic o paim.
writabie.
The invention alsc provides computer executable instructions (i.e.,
programming) for performing the above methods. The computer executable
25  instructions are present on a computer readable medium. Accordingly, the
invention provides a computer readaple madium containing programming for use
in detecting and processing a signal generated by a composition of the invention,
e.g., as reviewed above.
As such, in ceriain aspects the sysiems inciude one or more of: a data
30 storage element, a data processing element, a data display element, data
transmission element, a notification mechanism, and a user interface. These
additional elemenits may be incorporated inio the receiver and/or present on an

external device, e.g., a device configured for processing data and making
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A variety of subjects are treatable according to the present methods. Generally such subjects are
"mammals” or "mammalian,” where these terms are used broadly to describe organisms which are
within the class mammalia, including the orders carnivore (e.g., dogs and cats), rodentia (e.g., mice,
guinea 10pigs, 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, 1 miasihignsiofrgearaingomates ©r forfjer!sl Pealiwr whigerpRYyidasssud crdvfiirs:, 5 years or
longer, etc. Thg subject methods may be employed in conjunction with one or more additional disease
management protocgls, e.g., electrostimulation based protocols in cardigvascular disease

s SroBue, CHRSS

management, such FURE, BAHTRE RS FRHPSIRY aholF a3 SEMEIENFE R le, such a diet
and/or exerciseneggmensdentiisatiety giatifferent clis caspasinaitons petne 20r IiHoeredn, aspects, the

methods include medwlating auheraraulic FegiRenersesdalrobialiad femdhssameesitions. For

example, data may be obtained which includes information about’patient compliance with a prescribed

therapeutic relifBnMPHRCHRE WPy GrtheH COTERHEHRATD MY S REET ARt E & ¢*Si8BthiRed using one
or more sensarssuithrasdbigsdiusof aralites ae sevibedd 2habmve gmayitne iemplogedoie.g., with

appropriate degisianiqols gs desifer loymalse-deierRinalions siybetheraiven gaient regimen

should be maintame% modified in some way, e.g., by modification of a medication regimen and/or
implant activitfPeHiRiEHERS SR AINREtHEAPBT arRrE It A AL 8L HBRo A5 AN HATE R iRSrapeutic
regir_nen i® madified hasadon eigﬁmsmwnedfw@mthet%eamﬁém@ered _h@\ﬂeémin aspects, also
provided are mathgds ofdeterminiag fae Bisiopunla cagpesiton afahe ventign. whgre the
composition includes an active agent, an identifier element and a pharmaceutically acceptable carrier.

In certain aspe&iegfherMBRideHBfEY eriits &) STl iR HEED: AN RIFOEIBRY A% identifier is

interrogate, e.ga\yete\Wanecp=athefcSuitabledptes egaiion davisprtaabisinesanaailée obtained
signal is then gmployedig deiermine histarical information ahoul the.compesilion. #g source, chain
of custody, etc: i yef’of er aspects Where the identifier 18 one that Survives (§J|ges’tion, the 5 methods
generally incligge bHRARINGENBOSHyMEATHEPRIEISIRBIE ANSTEER RS . COMRP G8NIBA @RpCEYastrieving it from

a subject that has,ipgesteddhe sampasitiomandiber deterraikinmihe distangofdhensamposition from
obtained signalﬁlﬂfnetation element. FO{ exarrrg)le, where th siqlpt% eneration element includes an
i

engraved iderft Wu@.’ﬁﬁt'ﬁgrégago%?l%thgr ﬁ?p (i i%%?ﬁﬁ%r,t e nsgrgvecé) %Hﬂﬁgp?ﬁ‘ay be retrieved
from a subjecbttaetradrindestad thereondpisitbaantbthisniteat ancidsirife witease Sonse aspect of the

history of the garpgsifighewiIChandastdspews ReFaspRRAIARA Rihasesililibe ghain of custody
of the compositjon, manufacturer, handlin histo,gy, ?tc. Iq]certa'n aspects, this determining step may
include ates G 4 BARHELAS G AAANGRALTCY SIgnel o he body'Jsihg = moropoe oullng

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, multiple sensors can be placed and

implanted on various parts of the body that measure position ar acceleration.

Withaut having wires connecting 10 a central hub, they can communicate that
information through a communication medium.

in the methods o©f the subject invention in which the in vivo {ransmitier is a

30 pharma-informatics enabled composition, an effective amount of a composition of

the invention is administered 1o a subject in need of the aciive 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 sympioms

associated therewith, the accomplishment of a desired physiological change, etc.
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15compilation of stored history for the composition. 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. Applications include, but are not limited to: (1)
monitoring patient compliance with prescribed therapeutic regimens; (2) tailoring therapeutic regimens
based on 25 patient compliance; (3) monitoring patient compliance in clinical trials; (4) monitoring
usage of controle B statitilsardTidsiRes domblaeseaifiened iRgskathsansplieations is reviewed
in greater detaéh@@tloavaﬂnsgﬁﬁwlﬂae?zséféﬁ@mmﬁ@an&@%mtP%éus%a@@hms?@mthe disclosure

of which is hereln |nc§F£orated ref erencet ,fAd |t|ort1a ﬁp% cations in whijch th ets !ect receivers 30
find use includ¥ BUPHPEHREIRiItEY fo SR SaiEd b ORER i SHOR €8sl RIS 60/887,780
titled "ReceivdrsdtueRharthat kifsa@natics Systems,” and filed on February 1, 2007; 60/956,694 titled
“Personal {1ealth Reggiveyis, &H’tﬂaﬂ'%PB&&H%I&%@QQ1@%9}%@4%@5%&5“@9&&9@%'b'e Event

Marker," and filed on Jul 11 2007 he disclosures of which applications are ncoH)orated herein by

reference. KIT8%5"S CHj& %r%fvﬁf@a%@gk 10 1BPraRdeRti Y SR & ATCHRILYRRS ML include one
or more receivimseofitheinvesition pag, desthibed tiboae loracditibt)ehekitesitayirctudeone or more
dosage compositions, & PNAIMasBimatshenab ishfiosage compasiigns.deslgsage amount of

the one or more pharmacological 10 agents provided in a kit may be sufficient for a single application
or for multiple EP|SHeLhdHEn %E?ﬁa|Fﬁfjlﬁ‘?ﬁ"ﬁ@%r?ﬁ%%@%‘?@hé”%\h‘ﬂ}@%t%fs”&téiﬂbil%d&Bsage amount
of a pharmacaoigticas@rgeridkiprasdintian dsicbedainaath ey, aspestesutiipieaosageameunts of a
phafmaco'og'ccbgr}tﬁ%%% Ot |%‘?§r8§ éﬁoﬂéﬁta#{&‘i r%%mo%ssn@mm@mm%% amounts of

pharmacological agent, suc be packaged i asmgle container e(? a single tube, bottle, vial,
'

and the like, ofBRRCSHIATSrEal0RaGE BBty ﬁﬁﬁ’y%é’?ﬁ&\}m{}éﬂf?%é&ﬁdﬁ% (iR e @ertain kits may
have more thasueng, ceatainesefmephanmageliogioa aganidermSUitableiseansifondedyering one or

more pharmacglogical A9RAts 10 7 SHOIRFLEAEHCAI SR8 QRS I GhaHOIRFILithe papticular delivery

means

15 be adgministered alone or in combination with other pharmaceutically active
compounds, e.g., which may alsc be compositions having signal generation
giementis stably associated therewith.

The subject methods find use in the treatment of a variety of different
conditions, including disease conditions. The specific disease conditions treatable

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

25 By treatment is meant at least an ameiioration of the symptoms associated
with the disesase condition afflicting the subject, where amelioraiion is used in a
broad sense to refer to at least a reduction in the magnitude of a parameter, e.g.
sympiom, associated with the pathological condition being ireated. As such,
treatment also includes situations where the pathologicai condition, or at least

30 symptoms associated therewith, are completely inhibiled, e.g. prevented from
happening, or stopped, e.g. ierminated, such that the subject no longer suffers
from the pathological condition, or at least the sympioms that characierize the
pathological condition. Accordingly, “treating” or "treatment” of a disease includes
preventing the disease from occurring in an animal that may be predisposed to
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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, ointments, solutions, suppositories, injections, inhalants 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 aﬁﬁﬂﬁﬁ%@?%yﬁﬂ’g@"%/”Bhdeén%i"ﬁ%‘i%@c?eI%E:ﬁ’éﬂ@*te‘f&f”ﬁ?rt%ﬁé?ﬁ HepeiERathe kits may also
include an extgraghmatitondewesmt30 mgvinsgdaserihackabovesiohict noay grevitg farscommunication

with 2 remote RCBiOR - AJRRIE SIS P RETUAL ARG Eh ol gogd arocesses data

obtained abou tY1e usage e composition rtain aspects, t may include a smart
parenteral dele¥idiyateatiatye ﬁméﬁfbp@&ﬂf?i@éﬁw%ﬁl&*ﬁw dedestithregeaRtte&tal beneficial

agents orsberrﬁéi@@bag@n%take@u%@@emﬁm W@H%hoéh%féé@ébﬂm%nf@éé%@mme through the use
of a syringe, inhaler, el other device that admlnls er medrcrne such as described in opendrng
application serial no. 66‘?5 g'ﬁf l?Prfe':‘z’célsc B%J‘E%ao k\)/?/ [o C%rﬁmrgel%ré)lncor oA e%drg?/tpgﬁerence 5The
subject kits m@ﬁ@%@lm@mémmsmﬁ&ﬁo%ra@m@m@%b‘fé@taﬁe@ﬁ@dgr%ﬁgﬁhe

components ofidbe lteddie BSHH%W mgmerr@cwcﬂd a2 avstHabiesresasdlingamediian or substrate.

For example, th <gstructlon$ g r|nted ona suﬁ{érate suc séP%Der oréjlastlc etc. As such, the
instructions mWB Wé@%ﬁf A heHYYs &9 Cﬁgaa s ﬁhﬁ" B ggdfrfvﬂ S ggﬁtarner of the kit
or compdifientsitiseraaf (iaés) a@%@atedamtmtbe paokagingromsabzpaskagihg)atesyis other aspects, the

instructions ar%@r&%e\rgt% ggﬁ@gtrﬁgrgﬁg@g@lgg@ﬁ%gﬁgsent on a suitable computer readable
storage medium, e. 3{‘ diskette, etc. In éﬁt} other aspects, the actual mstructlons are not

present in the kit, b rﬂ%’gﬂg ?&P%%Mﬁ&‘ﬂﬁ% BRBA3R SHRSE RS GHROYS: Asumaingd §. via the
internet, are prdwdedgiAn exseyse ofrttitoaspert ver kit that nuek des e Wfabrwjdrmssawhere the

instructions capdug yawed aadiey 1o Whieh B BRUCIBREANDRUPMNaRLEd, Aot the

instructions, this means for obtaining the instructions is recorded on a suitablé substrate Some or all
componehits oftHeEbjetRRENRAy BIBA Ry BRIEH MR s R R STRRIRYEEN Bterility. In
many aspectsamh;bmsurbjemktﬁsetlme companehisnafl diedatane padaged ipraiddbizordainment element

fo make & sindl a8 EPCLL ISCEY KL ERDIRMATLELEIERi & il Apelogous

structure, may or may not be an a|rt| t container, e urther preserve the sterlllty of some or all of
the componen?§ BRERE RiCtpEols, cardiac. resynchronrzatron protocols, elc; litestyle, such a diet

angd/or exercise regimens for a variety of different disease conditions; etc.

20 In certain aspects, the methods include modulating & therapeutic regimen
based data obtained from the compositions. For example, data may be obtained
which includes information about patient compliance with a prescribed
therapeutic regimen. This data, with or without additional physioiogical daia, e.g..
obtained using one or more sensors, such as the sensor devices described

25 above, may be employed, e.g., with appropriate decision tools as desired, to
make determinations of whether g given treatmeni regimen should be mainiained
or modified in some way, e.¢g., by modification of a medication regimen and/or
implant activity regimen. As such, methods of invention include methods in which
a therapeutic regimen is modified based on signals obtained from the

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 idenziﬁer giement and a pharmaceutically acceptable carrier. In certain
aspecis where the identifier emits a signal in response to an interrogation, the
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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 will
be limited 5only by the appended claims. Where a range of values is provided, 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
value in that stdgstilieirigd)iRreaetmpassed vwaRCtRe FRASHIHRDENBIEPReREHUIBWRS: lifmits of these

smaller rangeg gy ndependeniobeinsiudesdn thensmaliapityages antearenalsasseampassed within
the invention, subject.to a ecifically excluded limit in the stated range. Where the stated range
RiTation a0 ol fS-Rlaee SR

includes one ¢7'B8 %ﬂl’? i s?, PP e%’ll.?o%’gsgﬂrﬁgf%r oth of Bincluded limits are also

included in the inventiof! otha akessidefne HRPRNSESHIS teleh HighPHAHVSEILIgERE RIS used herein

have the same,gigaming S AN MRNINGRESHAQ eosRa opdinaatiskilldr gmarsfiomeich this
invention belongs. Although any methods and mafterials simjlar goﬂ?r eﬂuivalent to h%se described

herein can als6"B¥PE¥LY in ﬁﬁ%”pl@'cti{:eér@rv {@%tiﬁg 5?%eapr%‘é RUINVE tioﬁi,sreia eegteen a Ve

Ive illustrative
methods and rratedaitoaranduhee seritetniall publidsitonsfahe peraasitisted omtioidpetification are

herein 25 imo&%@ﬁ@gﬁgr@/a'iﬁfﬁr@i@%% i sashdRgidduakru s atignapioBate B sMeERAReeifically and

individually indicated to be incorporated by reference and are incorporated herei b[y reference to

disclose and dBSHIER f PSRV LRIER atcHialRait edh R BB WR WA B 5 iGtions are
cited. The(citatiografshydeublieatioayistior iesridisstosuwre pricutgettietfiihgrdatengastsshdbid not be

construed 30 ag an admissiendhat denrerenkipvanton isjel eatided,iaaniedats spghepublication by

virtue of prior invention. Further, the dates of publication provided may be different from the actual
publication dafE RARIPIaYHeRI TS ISE ML PEraeRty E&Wﬂﬂ‘i’%&“mhaiﬁé o188 $RaK 25 used herein
and in the app@jgﬂ@@j,/clainﬂse themb@gﬂl&m,fummsdﬁétﬂm‘,‘, erﬁhﬁtlfgs"ﬁiatﬂqdemhnam refeteints unless the
context clearly diclles R eMlEhis JuhRLDaEr R dhadialisdiashe dialgdg pxciude any

. , 1 entis intende t

optional element. As such, this state to serve as anteceden
compilation of stored history for the composition.

unry

Medical aspects of the present invention provide the clinician an important

20 new tool in their therapeutic armamentarium: auiomatic detection and
identification of pharmaceutical agents actually delivered into the body. The
applications of this new information device and system are multi-fold,
Applications include, but are not limited to: {1} monitoring patient compliance with
prescribed therapeutic regimens; (2) tailoring therapeutic regimens based on

25 patient compiliance; (3) monitoring patient compliance in clinical trials; (4}
monitoring usage of controlied substances: and the like. Each of these different
ilustrative applications is reviewed in greater detail below in copending PCT
Appiication 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 iimited 10: United States provisional Application
Serial Nos: 60/887,780 titied "Receivers For Pharma-Informatics Systems,” and

fiied on February 1, 2007; 60/956,694 itied "Personal Health Receivers,” and

filed on August 18, 2007 and 60/949,223 iitied "ingestibie Event Marker," and
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5basis 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 possilif# £8 Juajthotffi tHE&FEGEHY TAVENHOIT R AP B Yrs &iH A RYAIE Wetail by way of

illustration anchesedmiylesferspoeposes of clarity of understanding, it is 70 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.
25Accordingly’,<‘tﬁ% preceding merely illustrates the principles of the invention. It will be appreciated
that thosesskilled in the art will be able to devise various arrangements which, although not explicitly

described or shown ReteipoSEARAAN e pyncilesg! ihe duetion apasigssluestipn s spirit and

scope. Furthermore, a nles and conditional language recited herein are principally 30 intended
to aid the read®ISiPURGER JREFHAT HhRiRLPIESHI IRSRICHRRD REMPtHR BBREEptdEohiibuted by the
inventors to fustagimguthecatd canthay edede congisdridras deinghithaubipmitationdesieeh specifically

recited examples and condition re Il _stat herei it Inci ects, and
aspects of the%%%etigﬁm sO\S/\'/lé?ﬁg'sl\@peecgfsé%éggaﬁéeﬂsqgﬁ%fs@& {rﬁ%}gg@ﬁ fgonﬁtgr?gé?r%%%ﬂs both
structurall 8ind dgaetsopraviiedivale s Mrerdef spidaienay: BRgintarrisginatcsien @4iiRslents include

both currently knawarieas!ivalantsand eosivalanissiaveloped inulsciutiises isngrRnyceiegeents
developed that e(formfthe same f%?ctlioq, re %Ed.tlgssreosfe%ttrucr%gr% Tg«ﬁ Sc0p olf tglse I sent i_nvention,
5 therefore, |s?[%?¥rq{eﬂd§dqo I e Ao exem%lary as%ects shown angj destribed herein.
Rather, the scopéipirdisphde aimpresisntfivehrioreRoBgibacRedibynae 2 peasdst 1Bl&ins. In

those aspects having multiple dosage amounis of pharmacological agent, such

15 may be packaged in a singlé container, e.g., & single tube, pottle, vial, and the
like, 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 10 a
subject may aiso be provided in a subject kit. The particular delivery means

20 provided in a kit is dictated by the particutar pharmacological agent empioyed, as
describe above, e.g., the particutar 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, ointments,
solutions, suppositories, injections, inhalants and aerosols, and the like, and the

25  particular mode of administration of the agent, e.g., whether oral, buccal, rectal,
parenteral, intraperitoneal, infradermal, transdermal, intracheal, etc. Accordingly,
certain systemns may include a suppository applicator, syringe, LV. bag and
tubing, electrode, etc.

in certain aspects, the kits may aiso include an exiernal monitor device,

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

In ceriain aspects, the kits may include a smart parenteral delivery system
that provides specific identification and detection of parenteral beneficial agents
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WHAT IS CLAIMED IS: 1.A system comprising: 5an 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. 102. 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 module. 153. The system of claim 2,
wherein the beacon functionalité/ module comgglsﬂes a Ieas%lon element selected from the group

consisting esSEmAl 6f LEERE IR oA BROFALEEASRINR (B 1GR2 TR ulity; a beacon

signgl modulehmpgb vtk Mmoba sigingbfdnkmﬁenadirtwtae(mwmérmadc}imsmmIm&nﬁpirmﬂde a
continuous wayeAnd 2. 2051816 fEeLGARY tnR-AieH Liple FBaBeRGY Moty aguayide multiple

frequencies; and =~~~ a modulated signal module to provide at least one modulated encoded signal.
of which is herein incorporated by reference.

5 The subject kils may also include instructions for how to practice the
subject methods using the components of the kit. The instructions may be
recorded on a suitable recording medium or substrate. For example, the
instructions may be printed on a subsiraie, such as paper or plasiic, etc. As such,
the instructions may be present in the kits as a package insert, in the labeling of

10 the container of the kit or components thereof (i.e., associated with the packaging
or sub-packaging) etc. iIn other aspects, the insiructions are present as an
electronic storage date file present on a suitabie computer readabie siorage
medium, e.g. CD-ROM, diskette, etc. In yet other aspects, the actual instructions
are not present in the kit, but means for obtaining the instructions from a remotie.

15 source, e.g. via the internet, are provided. An example of this aspect is a kit that
inciudes a web address where the instructions can be viewed and/or from which
the instructions can be downloaded. As with the instructions, this means for
obtaining the instructions is recorded on a suitable subsirate.

Some or all components of the subject kits may be packaged in suitable

20 packaging 1o 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 handied unit, where the kit containment giement, e.g., box or
analogous structure, may or may not be an airtight container, e.g., to further
preserve the sterility of some or all of the components of the kit.

30
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254. The system of claim 3, wherein a frequency ratio of a beacon and data channel is invariant to
frequency error in an ingestible event marker system to provide additional assurance of detection of
the encoded signal. 5. The system of claim 3, wherein the frequency hopping functionality 30
module comprises a random module to provide random frequency hops on a narrow band transmitted
signal. 6. The system of claim 3, wherein the collision avoidance functionality module comprises
at least one element selected from the roup consisting essentlallg%%tgl g%réla transmitter module to

provide a first in vivd! tralRsAfittOPFSIRGHIIRG 4 ISRRLIORLR Raha GHE i RSRGS Fransmitter
transmitting aﬁa&sebeﬁdafsesumnn;aynwule it is alstuty tyclennwosiolatitrairoduke tenptogide duty cycle

modulation funetenAey is for tﬁer%'ﬁﬁfb%@'&fr YadomrationduadHisstaaroyide randem,getransmittals;

and 10a spread spectrum module to provide spread spectrum functionality. 7. The system of claim
6, wherein thdWR§Y e MR rPRGItR fECREEY g‘llﬂ’@ﬁﬁﬁt mygRietoditker aieE) cycle and
frequencysspreald byatsledeespegatkitie transmissions among multiple frequencies. 15 8. The
system of claim 6, wherein the transmitter modules comprises a multiple band pass filter module to

provide multiple band pass filtering by different devices wherein respective encoded signals are filtered
by respective band Y42 $ilferange of values is provided, it is understooc that each intervening

value, 1o 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 value in that staled range, is encompassed within the inveniion.

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

included in the smaller ranges and are alsc encompassed within the invention,

subject to any specifically exciuded limit in the siated 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 undersiood by one of ordinary skill in the
art to which this invention belongs. Although any methods and materials similar

20 or equivaleni to those described herein can also be used in the practice or testing
of the present invention, representative iltustrat'rvé metiﬁods and materials are
now déscribed.

All publications and palenis 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 to the filing date and should not be construed

30 as an admission that the present invention is not entitted to antedate such

publication by virtug of prior invention. Furiher, the dates of publication provided

méy be different from the actual publication dates which may need to be
independently confirmed. '
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20 9. A method comprising: transmitting, via an in vivo transmitter, an encoded signal;

facilitating, via a transbody functionality module, communication of the signal; and 25receiving, via a
receiver, the encoded signal. 10. The method of claim 9, further comprising: providing
characteristics of the encoded signal, wherein the characteristics optimize power consumption to
facilitate the receiver in at least 30 one of the following: spending maximum time in an inactive mode,
waking up quickly, and waking up during a period of high probability that the transmitter is present. 11.
The method of clain'd$ WREERIhe fabRRAL ?Wié‘ﬁ%ﬁn@@o@ﬂ)’ﬁﬂfé%ﬁ‘éiﬂ}ﬁrﬁb@hﬂé%ﬁmmunication'of

the signal coniprises @t least ene ofhe” inclugsilialinorafiaanbeasprdunetionatiy: nnrdule,

communicatiop,gine sngeded SIONale. no@FHAIRG. yia A eguency fopiaa fypctionality modue,

communication e encoded signal; an acilitating, via a collision avordance functionality
module, commﬁi@ﬁ@@ﬁwlﬁ%hc%&w@gﬁﬁ statement is iniended to serve as antecedent

5 basis for use of such exclusive terminology as “solety,” “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 s logically pessibie.
i5

Although the foregoing 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 principies of the invention.
It will be appreciated that those skilled in the art will be able to devise various
arrangements which, although not expiicitly described or shown herein, embody
the principles of ihe invention and are included within its spirit and scope.
Furthermore, all examples and conditional language recited herein are principally

30 intended to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventors io furthering the ar, and are 0 be
construed as being without limitation to such specifically recited exampies and
conditions. Moreover, all statements herein reciting principles, aspects, and
aspecis of the invention as well as specific examples thereof, are intended to

41



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 tone;
15providing 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 rarfiSATTPEERIEREY HOESWBA AraltoRiBaEACCEENSIATte dsigehl. AdditiongliyrHeitnethod of
claim 11, wher&i@nmfmltit@tm@ ed;a|aa¢@ﬂti§im1a@r@i%@ﬂceéuurré@&i@nm@wm@@,ulealéﬁ@wication of the
encoded S|gn %?rg%i ev 3 g Ig st one ?uture tré':m%rr?lttln JlrSt in viy trans itter at a first
frequency and Fanamit Ing, via % second in VIVO frahsthter ata secoﬁd)?reequeaﬁc%? r%(%ulatlng a duty
cycle; retransril&iRg NI, dpaeBUSpreRidHiydieidss hefrecinenely tbpaursent inveniirmThe method of
claim 14, wherigindhe-medubating adddticylainides tiharag ihe,dubpyele @nghspreading among

frequencies.
q described herein. Rather, the scope and spirit of present invention is embodied

by the appended claims.
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16. The method of claim 14, wherein the transmitting at different frequencies comprises providing
multiple band pass filtering by different devices wherein respective encoded signals are filtered by
respective band pass fillers. 517. 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: 10a 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#AT if QivovERmEMitter, an encoded signal; facilitating, via a transbody functionality
module, communication of 15the signal; and receiving, via a receiver, the encoded signal. 19. The
article of claim 18, further comprising: providing characteristics of the encoded signal, wherein the
characteristics 1. A system comprising:

5 an in vivo transmitter to transmit an encoded signal,
a ftransbody functionality module to facilitate communication of the
encoded signal; and
a receiver to receive the encoded signal.

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

15 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;
a beacon signal mod&ie to provide beacon signal functionality;
a wave / frequency module 1o provide a continuous wave and a
20  single frequency tone;
a multiple frequency module to provide multiple frequencies; and
a modulated signal module to provide at least one modulated
encoded signal.

25 4. The system of claim 3, wherein a frequency ratio of a beacon and data
channel is invariant to frequency error in an ingestible event marker system to
provide additional assurance of detection of the encoded signal.

5. The system of claim 3, wherein the frequency hopping functionality

30 module comprises a random module to provide random frequency hops on a
narrow band transmitted signal.
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20 optimize power consumption to facilitate the receiver in at least one of the following: spending
maximum time in an inactive mode, waking up quickly, and waking up during a period of high
probability that the transmitter is present. 20. The article of claim 18, wherein the facilitating, via
a transbody 25functionality 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 functignality module, communication of the encoded signal; and 30facilitating, via a

collision avoidance fanctldgafkFHBRAeS REMmuNREREh B BHes R gRge functionality

module comprises at least one element selected from the group consisting
essentially of:

a transmitier module to provide a first in vivo transmitter transmitting at a

5 first 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

10 a spread spectrum moduie to provide spread spectrum functionality.

7. The system of claim 6, wherein the duty cycle modulation module
includes a dithering modute to dither a duty cycle and frequency spread module
to spread the transmissions among mulltiple frequencies.

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

10. The method of claim 9, further comprising:
providing characteristics of the encoded signal, wherein the
characteristics optimize power consumption to facilitate the receiver in at least
30  one of the following: spending maximum time in an inactive mode, waking up
quickly, and waking up during a period of high probability that the transmitter is
present,
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11. The method of claim 9, 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 signat;

facilitating, via a frequency hopping functionality module,
communication of the encoded signal; and

facilitating, via a collision avoidance functionality module,
communication of the encoded signal.

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, single frequency tone;

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

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

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

modulating a duty cycle;

retransmitiing randomly; and

spreading across a frequency spectrum.

15. The method of claim 14, wherein the modulating a duty cycie includes
dithering the duty cycle and spreading among frequencies.
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16. The method of claim 14, wherein the transmitting at different
frequencies comprises providing multiple band pass filtering by different devices
wherein respective encoded signals are filiered by respective band pass fillers.

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 ¢laim 8.

18. An article, comprising:

a storage medium having instructions, that when execuied 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 signhal;

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

receiving, via a receiver, the encoded signal.

19. The article of claim 18, further comprising:

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

20. The article of claim 18, wherein the facilitating, via a transbody

functionality module, communication of the signal comprises at least one of:

facilitating, via a beacon functionality module, communication of the
encoded sighal;

facilitating, via a frequency hopping functionality module,
communication of the encoded signal; and

facilitating, via a collision avoidance functionality module,
communication of the encoded signal.
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