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,c'erence FIELD OF HE INVEN ION [2] The
present invention relates io receivers in a
CDITIMUIliC3Iier SyStem and, more
specifically, to receivers that detect data
transmission encoded iri curet], flow through a
conducing solution [7:to the abide to manage
power and control dosage, 1411HODUC,I;() 



[0031lreie are many irstances in dot) med cal
and non-medical appl CadonS where one
desires to note a personal even], i.e., an event
that is specific 10 a given individuar Examples
of medical apelica4ons where one n ay wish lo
note an evert that is seecitic to a glean
nclividTal Irelude, but are not limited to. the
onset at one or more physiological pr/stealers
of - interest including disease symotoms, the
administration of a medicalion, etc ExarnOleS
of non-medical applcations where one desires
to note an  event that is specific to a given
individual include, but are not limited to: the
ingestion of certain types of foods ;e 0,. for
indVidUalS On controlled diets), the
commencement of an exercise regimen, etc
(004)Because there are many instances
where one wishes to note a persona, event, a
satiety of different methods ang technologies
have beer developed to make such notation
possible For example log books and
techniques have been developed in which
indivAuals, e.g patients and/or their health
care provides, can record e.g., by manually
writing or data entry, time and date of an
event. However there continues to be arced or
Improvements in personal even monitoring.
For examp,e, manually logging when an event
takes place can be time consuming and prone
to error. SUMMAR)) [005]Receivers, wh,ch
may be external, hnplantable,
semi-implantable, etc., are provided.
Embodiments of tee invention induce the
presence of one or more of' a high power-low
power module; an intermediary module; a
power supply module configured to activate
and deactivate one or more power supoCes to
a high power processing block, a serial
periphera interface bus connecting rnester
and slave blocks: and a indii-purpose
connector. Embodiments of the Envention
may be configured to recede a conductively
transmitted signal. A;sts provided are systems
that Include the rece-vers, as weil as methods
of using the same.  



Eases]According to a first aspect of the
nventron, there is provided a physiological
communication receiver that can be
removably secured to a SUbjeCfS skin, the
receiver comprising: a housing: a power
source secured within the housing: a
processing unit electrically coupled to the
power source and secured within the housing:
and at least two electrodes electrically coupled
to the processing unn and secured to Inc
perimeter of the housing such that the
electrodes will contact the subject's skin the
slon, wherein the processing unit detects and
gathers inforrnation in the form of high
frequency current flow through the electrodes
and wherein the high frequency current flow is
associated with a device associated with the
subject. posb]According to a second aspect of
the invention, there is provided a receiver for
detection at physiological information
assotateci with a subject, the receive'
comprising: a power source secured within a
housing, a power management module
electrically coupled to the power source and
secured within the housing such that the
power management module controls the
power source; a processing unit electrically
coupled to the power management module
and secured within the housing, wherein the
processing unit detects and gathers the
information in the form of high frequency
current flow produced by a device internal to
the subject and low frequency current flow
associated with the subject's physiology; and
a communication module electrically coupled
to the processing unit ana secured within the
housing, wherein the communication module
allows for communication between the
receiver and a device external to the subject
such that the receiver is able to provide the
physiological information to the external
device and to provide control information ho
another external device based on the
pnysiological iniormation.  RIOaciAccording to
a third aspect of the invention, there is
provided a receiver for detecting and
collecting data encoded in current flow in a
conducting fluid contained within a sublect the
receiver comprising: a housing; a power
source secured to the housing; an operation
unit secured to the housing for ant lyalig the
data transmission, the operation unit
comprising: at least one sensor for detection
of current flow; a high frequency module for
detecting dale in the form of high frequency
current flow from a device internal to the
subject: and a low frequency module for
detecting data in the form of iota frequency
current flow associated with physiological
paraine.ters of the subject: a power
management 'nodule secured to the housing
and electdcally coupled to the power source
and the operation unit. wherein the power
management module controls the power
supplied to the operation unit from the power
source and wherein the power management
module monitors the surrounding environment
to determine if data transmission is present
and wherein the power management module
switches the operation unit from an inactive
state to an active state if data transmission is
present; ant a multipurpose connection unit
secured to the hosing far controlling electrical
connection between a device external to the
subject that is physically connected to the
receiver, the multipurpose connection ant
compdsino: connector routing unit coupled to
the operation unit and the power source: and
a multi-purpose connector electrically coupled
to the connector routing unit. [0Uad] According
to a fourth aspect of the invention, there is
provided an ionic emission cemmuncation
receiver for detecting data transmission using
ionic emissions through a conducting fluid, the
receiver comprising: a housing including an
outer case. a power source secured within the
housing, and an operation unit secured within
the house such that the operation unit
receives power from the power source and
wherein the operation unit comprises' at least
one electrode secured to the outer case  of
the housing and capable of conning into
contact with the conducting fluid; a processing
unit electrically coupled to the at least one
electrode, and a memory unit electrically
coupled to the processing unit, wherein the at
least one electrode detects the ionic emission
communcated and wherein the data is
encoded in the ionic emission and transmitted
through the conducting fluid using a controllen
dissolution of a material into solution 



[005e]According to a fifth aspect of the
invention, there is provided a receiver for
detecting and collecting data transmitted in the
form of current flow through a conducting fluid
contained within a medium the receiver
comprising' a housing; a power sourco
Secured to the housing; an operation unit
secured to the hosing for analyzing the oats
transmission. the operation dug comprising. at
least one sensor for detection of the current
flow: a high frequency module for detecting
high frequency transmdsion date; a low
frequency module for detecting low frequency
transmission oats: and a power management
moduie secure to the housing and electrically
coupled to the power source and the operation
unit, whemin the power management module
controls the power supplied to the operation
unit from the power source and wherein the
power management module comprises, a high
power operation modulo for ailowThg high
power supply to the operation unit when the
operation unit is in an active state: a
intermediate power operation module for
allowing cower supply to the operation unit
while the operation unit is in an active
non-operation state; 500 a lower cower
operation module for monitoring for the data
transmission in the current flow while the
operation unit is in an inactive state, wherein
the power management module monitors the
surrounding environment to determine if the
data transmission in the curdent fiow is
present and wherein the power management
module switches the operation ung from an
inactive state to an active stale if the data
transmission in the current flow in present.
[0051]According to a sixth aspect of the
invention, there is provided an ionic emission
communication receiver for detecting data
transmission rising ionic emissions through a
conducting fluid, the receiver comprising: a
housing: a power source secured Mthin the
housing: and an operation unit secured vdthin
the house such that the operation unit
receives power torn the power source and
wherein the operation unit comprises: at least
one electrode: a processing unit electrically
coupled to the at least one electrode; and a
memory unit electrically coupled to the
processing unY, wherein the at least one
electrode detects the ionic emission
communicated and wherein the data is
encoded in the ionic emission and transmitted
through the conducting fluid using a controlled
dissolution of a material into solution. BRIEF
I/ESC-711'110NIHI- niedpus  (006]FIG I is a
representation of a receiver for detection of
data transmission through a living subject. [7]
FIG. IA is a block diagram reoresentation of
the receiver of FIG. 1 in accordance with the
teachings of the present invention. [8] FIG. 1B
is a blocs diagram representation of a power
management module of the receiver of PIG IA
in accordance with the teaching of the present
invention. 



WO 101(11/75115Y421711112WWW6S138
[9] FIG 2 is a functional block diagram of a
demodit aeon drour mat performs coherent
remoduiation that may on present In a
receive'. according to one sent [10] FIG as Iii
us:razes a :Deacon sr:Itching inodue providing
a sniff period longer than a transmit signal
repetition ported. [0111FIG. 30 Ilustrates a
beacon sketching module prcsioiro a shod but
frequent ertlf ooriod aide long transmit packet
are pro-video. [0121FIG 3G illustrates a flow
chart hor a sniff procedure perforated by a
sniff module- according to an aspect. 



[13] F G 3C illustrates a hrnelbral block
diagram fore beacon meddle within a receiver,
according loon c aspect [14] FIG. 4 tfustratos
a beacon functionality, wherein a beacon is
associate with ore frequency and a message
is asset:la:cid well another frequency. jFIG 5
iilkstrates a functional block diagram or an
EGG sans no modulo that may bc present
Increceiver according to one aspect [15] FIG 6
tlusthates a functional block diatwam of an
acceierometer module that may be present in
a receiver of the irk:anti:in, accoWing to One
aspect [17] FIG 7 is a block (Ingram of it
different (snot onal modules that may be
p'esentinaraccivcr, according to one aspect 



[18] FIG. a is a block ciagram of a receiver,
according to one aSpeci [010]FIG. 9
WOVideS a block diagram Of a high
MegraroY Veal oitaIn in a receiver according
fa one aspect. [20] F:G. 10 is a three
dimensional view of an eV-elrah sigra iecefvei,
according to ore aspect [21] FIG It provides an
exploded view of the signal receiver shown in
FIG 10, according to one aspect [22] FiG I2
wovides an exeloded view of the adhesive
patch component of the signal receiver shown
in FIGS. 10 anc I I. according to one aspect
[0231FIGSno 13F provide various VielrvS Or
a Iwc-elechode external 



signal receiver, according to one asoect
W0200011751E1PCGUS2009/068 (024]FIGS.
140 ,0 140 provide block di8g!'EtTIS of
haidware configurations Mal may be present ill
a signal receiver as shown in FIGS. 130 to
13E, according to one aspect [25] FIG. 15,4
oravides a diagram of row a system that
includes a signal receiver and an ingestible
event mal<er may be employed, according to
one asoc.. [26] FIG. ;58 provides a
pharmaceutical delivery system that receive:,
control Information form a receiver and contra
ithe dosage delivery. [27] FIG. be ptuvides a
clock diagram showing a receiver connected
Ia patient. [026]FIG. 17 provides a block
diagram skewing a rert Lk er connecter: no an
external power clarget. 



[020]FIG. 18 orovidee a block Gag:am
snowing a receiver connected to an external
control and data communication device. [30]
FIGS. Iso-lee show a diagram of a router
according In or aspect of the invention that
discriminates a signal basec on voltage lever.
[31] FIGS. 200-200 show a diagram or a
router according to an asoeci or the invention
that discriminates a signal bases on
frequency. [32] FIG. 21 shows a diagram of a
router according to an aspect ot the invention
tar disctiminates a signal by employing active
switches. 1033]FIGS. 220-G (referred to
collectively as Fla- 22) Provide a circuit sehom
atic for multi-purpose electrode con It ectior a
in accordance with an aspect of the invention.
(0341FIGS. 230-B I referred lo collectively as
FIG 23) provide a circuit schematic lor an
internal pewer source block of an external
receiver in accordance with an asaect of the
invention. [35] FIGS. 240.GImf erred to
collectively as FIG. 24) provide a circuit
schematic for an internal cower source bl uck
of an external receiver in accordance with an
aspect of the invention 



[36] FIG. 25 provides a schematic or
component / functionality relationships.  [37]
FIGS. 26A-R Referred to collectively as FIG.
26f provide a circuit diagram of cfrcuitry for
conaCilinj the ccaver supply to various
cornponefas of a receiver that incluOcs a
mulli-ourpose connecter, accorthng to
cocaapped [38] F,G. 27 provhdes a circuit
diagram moduli Mgi ho &we scheme ti an
electrode imoedarce rneasufornont module.
according to one aspect. [39] FIG. 28 provides
a circuit diagram hr an electrode impedance
measurement module LISillp a 3-wire oh nor
afar, according to ore aspect of the invention.
[40] PIC. Pe shows state flow diagram for the
power management module and operation of
rho receiver. 



[41] FIG so provides a block diagram of a
hardware accelerator module, according to
one aspect. FAIL ED DERR id:11 I ION  [42]
Reeeivers, wnich may be external or
lmodantacle. are providedAspects of receivers
of the invention ineade the presence of one or
more of. a high power low power modu e: an
intermediary module; a DOWCT aLlaply
module oonflgured to activate and deactivate
one or wore power supplies to a high oower
processing olock; a serial peracheral inirface
bus connecting master sod slave Gooks; arid
a irdti SUITCSP connecter.Receivers 01 13 e
!oven:ion may co configured to receive a
conductively transmittce signal.Aso providec
are systems that include the receivers, PS
well es methods el 811iI111 the same [43]
Receivers of the present ill8W1P011 are
alcctrica1 P8ViCO5 



that inc'ude circuitry and logic present in a
housing waede the devices are configured to
perform one or more medical functions The
Term 18.8dicalf is used broadly to refer to any
type of dorctico that is performed if regard to
the health of a liana subject. such as a pat
antAs such, a device is considered to do
medical  device If it tune lions o receive data
vsnn inspect to one or more parameters of a
suoject whether the subject is in a ilealthy or in
a disease state Parameters of Interest include
those described itt greater detail below, such
as physiologic carameters, signals from other
medical devices, such as ingestible event
marker (IEM) oevices. ma As such medical
devices of ntecest are :hose that may be used
in therapeutic apa,Rations or nor-therapeutic
applications, e g. as desc' cod in wheats(
detail below. f044]In certain embpd.rnents of
tFc oresent irvenior the receiveis are devices
thee art sized to be stably ascot: aced with a
living stbiect e g , patient. in a manner that
does not it hole mid ly impact mover etc of the
living subject arid yet oiovides an intended
function, such as signal receiving 'unctiocs:1y,
'or ottesdec periods of time 1 r,n term
los:tient'as used herein refers broadly to
subjects suspected of or known to be sulfa! ng
from a disease oh' aetormai ty, as well as
eubjecit who are healthy Receivers in
accordance win e teaching of the invention
may be associated with a patient's body oy
any convenient meals, such 35 attaching the
fee cc to a patient's body or clothing, e.g., with
laps, or oy use of a clip, loot, Or Oelt.
Alterealvely the device may oe placed in a
comber:men' of clothing worn by the patient,
such as the alien:Is pocket. Wheiho desired,
the device may be configured to be cortinuon
Iy associated will tile patient tor an 5Oonded
period of time, e g in to months :r one
example, the device may be confighend to be
to associated with the patient for one week or
more In some Ins:ances, be deiiices are
configure:: ay associated diiectly with a topical
skin site of a euoject In yet other ace cots, Ibis
devices arc configured to be implantable As
the devices are si=c1 to ae steely associated
with a hvino subject in a warner that does not
substantially impact movement of hoe living
subject, asoects o" the devices have
dimensions that when ow booed win a subject,
such as a human subject tel II not cause the
subiect to exserierce any diticionce ir its ability
to move As  such. in these asnects, the device
is dimensioned such that its s ze and shape
do not hinder 're ability of the suoject to
physically move Devices of the invention may
have a size that provides fOr fanotionaily
when applied to a 10sica1 body location for
example as described alone In such instances
lee devices may have n Total volume of 50
cm' or less, such as 30 on11 or less, incluo.ng
25 cm' or less, such. as 23 cm' or less In
certaln aspects, the device has a small size,
where in certain aspects, the device occustes
a VOiell2 of space 01 asout cm' or less. such
as about 3 cm' or less inc tiding eileCUt ' or' or
less Devices of the invention may haves
ongest dimension that is 30 cm or less, such
as 20 cm or less, including 13 cm or less. [45]
DeSelle The Mee size of Inc receivers, the
devices can operate tor extended tune periods
as elite the feee'VeiS may operate for periods
ot one week or longer, such as two weeks or
longer inciudIng one month or longer, three
maths or longer, six months or longer,
including wyeive Merits or if:nom-. To provide
for this operahen over extended time periods
and in view ot the small size of the receivers,
the devices are configured forinse power
eorsumprion By low power consumption is
meant that the average power consumption of
the device for 3 24 heat period is niA or less,
such as 10D pa or iess, and including to id.a.
or less The average anent draw or be receiver
when present in an idle mode (described in
greater oe"atl below, is 'CO uA or less, sgch
es to pa or less and including DA cr less The
average current draw of the receiver when
oresont ir a storage moos (described n greater
detail oelow) is 10pA or less, such as 1nin or
less and including 0.1 oA or 1ess In some
instances, the cui rent draw of the ieeeiver
when present in an active state (as described
in greater derail below) ranges from 3ttA to 30
ma, such as from 30pA to 3 mtv, and including
from 30pA to 300t.A 



[46] in certain aspects, the receivers of the
invention are sigr Cl receiversSignal receivers
are devices that are canfighred to
wOowiowstis rece!ve a signal from another
device, such as a Li aria-body COriduCtivey
Mansmit-ted signal (reviewed in greater detail
helm). Where the receivers are signal
receivers, tee receivers may be cootigurod to
receive an ingeshtie event marker emitted
signs!, as demonised in greater detail bacw.
[0471Receivers of the invention may include a
gaiamy of different modules which are
configured, e.g.. via hardwam and/or software
irnoterneptabon, to perform one or more
functions of the devRe. Mocules are made up
of one or mare funcional blocks which act In
concert to cottony, a particular function, *Moll
is ,e puroose of the rod ale- A given module
may be implameried as hardware, software or
a combination Ihersof. Modules that may se
present in receivers of !he invention are now
reviewed in grealer derail betaw,
[0481Aspects of the devices include a Non
power- ow sower module. power-bow power
modules are modules hat inc:ude high power
'unctional block and a low power functional
block. By low sower tonctonal block is meant a
functional block that performs processing and
requires low current draw and power
consumption. The low power funcional block
performs at least one discrete function-e.g., a
function reoPring ron-righ performance
processing, where examples or such furpRons
include maintaining Cr idle state, monitoring a
hus, awairng an occurrence Cl a signal, such
as an interruRl signal. elm Of I nterest as low
cower functional blocks are funciora] b:ocks
that draw a current et 10 ,IA or less and
including I otA or less. By high power
functional block is roan, a functional Mock that
cerforms higher performance processing
requiring larger Current draw and sower
consumption than the low power functional
block. The high power funcional Moe<
performs alu eas', one discrete lunction, such
as orocesseng conductively trarisranded
signals. processing received physiological
data, err. The larger COM putational
arocessing rray involve, for example.
executing  



digils1 signal processing algorithms (such as
Finite Impulse Response (FiR) filters, Fast
Fourier transforms :FFTs), eta.). Examples of
high power Idris:ionst bfoulfs are functional
blocks that draw a current of so fak or more
such as 501LA or more in ordEr to perform
their designated functions. [P491The low and
high power functional b)ocks may be
fmplemented in a variety of different ways. For
example, the low and high power functional
blocks fp ay be implemented on cepa:ale
processors or may be implemented as
separate cifoult efernasta at 2' sYstsm on chip
(SOT) structure, among other configurations
Further details regarding hardware
implementations al interest are provided
below. Receivers of interest include al cal) one
low pawm: functional black and at least fate
hfgh power functiona) block. In some
instances, the racaiveraauki incude additional
low andicr high power functional hi oaks. as
desired to implement a particular receiver.
[050]Receivers of the invention may also
include an intermediary moduIe which is
configured to cycle the nigh gamer functional
Nock between active and inactive states. By
active state Is meant a state In which the
functional block is performing ifs designated
function or functions, such as demodulating
and con OrocesSing a received signal,
processing physiological data, etc. By inactive
evate is meant a Mate in which the functional
block is not performing its designated function
..er functions, where Inc inactive state may the
an idle or sleea state, e.g., where the
functional black draws minimal current (such
as I fiA or less, including 0.10. sr less) or an
off state, where the functional Clock draws no
current. 55 'orc.a) is meant that the
intermediary moodle transitions the nigh
power functional stock CetWCen active and
inactive stales. In other fipmds, the
intermediary module charges the stale at the
functionaf block. from active to inactive, or
vice versa. The intermediary module may
cycle list high power functional bf oak between
an active and inao)ive state according to
different inputs. an ch as a predetermined
schedule (for example as erovding by
programming of the receivert or an applied
stimMus. In some instances, the IntermedIary
module may cycle the high power functional
block between active and Inactive slates
according to a predetermined scheduie For
example, the intermediary module may cycle
the high tower functional block between active
and inactive states every 20 sec, such as
eccHy 10 sec, and including every 5 sec. in
some Instances, the irmerrnediary module
may cycle the high lower functional block
between active and Inactive states according
to an sup lied stimulus, such as !receipt at a
conclusively transmitted signal, in response to
one or more predetermined physiological
parameters, in resoonse to user irsirsclians for
examele as implemented by depressing an
operattnal button on the receiver or sending a
command signal to the receiver) etc. [51] The
receiver may be configured to have various
saates- e.g., an idle slate or one Is more se t
ivt- states. Accordingly, the intermediary
mocule may cycle the high power %national
block oetweenactIve and inactive state as
needed, depending on the desired function at
a giver time of the device. In the active state,
the receiver is performIng one or more active
functions. such as receiving a signal,
processing a signal, transmitUng a signal.
obtaining physiological data, processing
physIelogical data. etc. In an idle state, the
receiver draws minimal current, for examnle
as described shove. n the Idle stale, the
receiver niay perform minimal 'unctions in
order to minimise current draw, such as
maintain configurations, maintain sIeep
modes, etc. However, a the idle state the
roomy, dons not perform functions that require
more than the minim, alcurrent draw. The
Intermediary module may cycle the receiver
detween active and idle states according to
different inputs, such as a oredeterriMed
schedule (for exarficle as provided by receiver
programming) or asplied stimulus, such as
described asove. 



[52] Receivers of mterest may Ce configured
to ger-form a  ttansbody conductive signal
isuen as an IFM or smart ps renterai dovise
signal) detection prolocel. Such devices may
be viewed Ps signal race:vers Tvanssody
Conducive signal detection votocoa are
processes n which the gnal receiver is in a
slate in wnich it can receive a signal emitted hr
art 1Eg4 or snarl parente,al device, and
orocess tie signal as desired, e , by neitorming
one or store tasks, such as decoding the
signs:, storing the signal. time-stamping the
signal, and retransmitting the signal, as
described in gra a ler detail selow
[053]Receivers of interess such as signal
recavers. may also ca conligurod to perform a
nivel ogloal data detection grotocol when
pteseni ir an active stale, eto obtain ECG cats,
accelerometor temperature data. etc., as
described in greater cetal below.
[0541Referring now to FIGS 1, IA. and IA
illustrate one embodiment of a rece:ver of the
present 'nventier. The receive 100 Is shown in
position on a wing subject lea Tile receiver
10,4 is shown allachec to a ieft section al the
subject 102 However. Lne scope El Me
present invention is not Thited by the location
of the receive- 100 on the suoject toe. 055]
Referring now to RC 1A, the receiver 100
inciudes a pov,er brig or Dewar source 200,
an operation unit 202 that includes ar
eleetroce 2024, an operation or processing
unit 204, and a memo y unit 206 The receiver
100 also Inc;udes e po,vet management
nodule 208 that controls the cower
consumption The receiver 100 is cacable of
comitiuricating with other near-by devices
using a transmission rEedule 210
Furthermore, the receive' 100 may include
galas features such as an acceleromele: lor
deieslion oh tic orientation at :he receiver OG
In instances whore the subject is laying dearal
Or if a horizontai position the eceiver l00 13
capable on detecting that position arc the
duration or lime that the StaojeCt reirein in
that 00Sition (056)Addisonally, the receiver
100 may further include one co more 



distinct physiological parameter sensing
aNlities By physiological parameter Sensing
ability is mean: a caoaoiSty of sensing. a
chysiclegical parameter or biorrarker, such as,
gun not iinated to: heart rate. respi,alon  Intl
ivPCTILS2009a6Sr28 rate tempernese
pressure chemical composition of field, e g ,
anarite detection is blare. Hui 0 state. blood
flow tete aCcelerometer motion data, IE(3N4
(intro cardiac eectrogram) data, etc [57]
Accordisoly the receiver 100 may include
physiological parameter measuring tools that
allows t to determine if the subject is simply
laying down or In the subject her suffered
some medical condition Mat has caused then
to end-up in that 0Osiiion For exampe, the
subject mac have had a hears attack and the
receiver 100 CUP defect that condition and ir
con unction with information tram the
accelerometer 212, the receive, 100 is able to
determine that the patient has a cotentialis
serious medical condition Anotner example
'wird widuste the instant where the subject
Wee* treat al epileptic seizure The
acceteromeler 212 woad provide information
to the reserver 100 and the fniormotion Wen
the accelerometer 212 combined with the
measure:1 physiological parameters would
allow Ste never IOC to determine that a
medical Gerd tion is taking place that will
require Immediate attention [58] F,elerfing
now to FIG IC, tic power management module
208 includes a high power operation rrisoolo
300, an intemeediate power operation module
302, and slow power operat on module 304
The cower management mockno 208 controls
the power shpelleol to the components of the
meeker 100 through the beaegi switching
module 306. The beacon Si:vaccine modals
306 generates a sigma that allows the power
management module 208 to transition the
traits o' foe ecever horn active to active non
operation to inactive state deoendisu on the
information picrircee by ise various modules
and unit off the receiver 100 



[050]A$ discussed Wove, in the embodiment
set rot in FIG 1, the rece,yer 100 may move
from one slate to another depending or the
information provided or the environment Al an
idle or inactive state the receiver I 00 is not
performing ary active 'function and remains
idle The receiver IOU may Sanction between
Inactive State and other stales deeending or
the required funetionrs) to be pedarmed.
Depending on the function, the fwentrediate
power operation module may cycle the
receiver 100 between the ins elite stale fag ,
idle) sne the active stateFor examele when
the receiver 100 transitions from inactive
stateit  demoting or active non-ape-alio-tat n
order to eallect EGG anolor accelerometer
data., the intermediary mc.dirle cycles the
receiver 100 from an Inactive (such as idle,
state to an active state. When the receiver 100
Is gone collecting the ECG and accelerometer
date, the intermediary modile cycles the
receiver 100 back ic art inactive (such no idle
wate), and the receiver 100 returns to inactive
stare [0601When the receiver IOU transitions
from Inactive state to a sniff state ton active
nor-openational condition in order to scan for
data transmission signals thy examples by us
ng a snif modulo. such as described in Tenter
detail below) associated with ionic emission
tor producing current tlow with the dale
transmission encoded as a pal theieof is' for
detection of data transmission associated with
wireless communication, the intermediary
!nodule cycles the receiver 100 from an
.nactive Wuch as idle) state to an active
nor-operational state. It the receiver I CO
receives a signal during this scanning or
sniffing period. the. ieceiver MO then goes tc
active operational state aild the high power
operation moclule 300 01 FIG. 16 suppiies
nigh power to the operation unit 202, the
recessing unit 204, and the memory unit 200
al! of FIG. 1A, Then the re:hairier toe
pretenses the signal, e.g., demodulates,
time-stamps and stores the signal as de..7,7
bed in greater detail beiow, at the active
operational state. Whet the receiver 100
completes processing the signal, the power
management module 208 cycles the receiver
100 beck to the inactive (such as idle state],
and the receiver 100 returns to the inactive
stave. (1)61]In some aspects, scanning for
data transmission signals from a
communication rail] e hiPhin tte siibject Its of
Fig. 1, such as the melee non.operatian stare
130, the receiver 100 does not require high
Dower to be Cycled to the active
non-operational stake. In such cases the high
power demand is not needed until a signal is
detected far demodulation and decoding. 



[052]In accordance with the teaching tithe
present invention, the signal receiver aspects
of the receiver 100 may be configured to
receive a conductively transmitted signet The
conductively Eransinilletr signal may be a
signal that is conduct, vein transmitted sonal
by any physiorogie part of the body or from a
device that eendnetively transmits a signal
through a  PCIAISsooseetess body using ionic
emission through controlled release of 'pass
Porn solid into a conducting solution or The
signal may ce croduced by an ionic emission
tooduie or an ingestbie event marker (EPP) or
a smattroarenteral delivery system. Ingestible
event markers of interest include those
deserted in PCT application serial no.
PCTILL52006/016370 published as
W0,2006/116718; PUT application serial no.
PC1PUS200IrtIS2SP 3 published as
tftri0/200(P052136; POT application serial no
PCTI002007/024225 ouelished as
WO/2008/063626; POT appiication serial no.
PCT/UO2007/022257 published as
W0/2308/06661 7: PCT application serial no.
PCTAJ52008/052845 published as
W0/20081095183; POT application serial no.
PCT/LiS2008105S99.9 published as
W0/2008/101107; POT application serial no.
PCLUS20:181056296 published as
WO/2003/112577: PUT apolical on serial no.
Pe170020081056299 published as
W0,2008/112578; and POT application serial
no. PCT7U520081077753 published as WO
20097042812; Ike disclosures cY which
aeolicatiers are here n in by reference. Sneia
parenteral delivery systems are describer. in
Perk aoplication sena, ro.
POTIUS2007/015547 puolished as WO
20081008281: each of the foregoing
disclosures is herein incorporated ay
reference in its entirety. [063]As cab receiver
of these aspects is configured to receive data
encoded iii current Pow inrough a conductive
fluid, the receiver and the device that emits
the signal such as an lEI,A) use the living
body with which they are associated as a
commiticatien medium. To ernaloy the body
as a communication medium for the signal,
the body fluids act as rho conducting fluid and
the aody of the patient is used as a conduction
medium for communication. As such, the
Signal that s transfened between ionic
emission device and any other sinl emitting
device and the receiver, such Cr the receiver
100 of Fig. 1, trayeis through the body of the
subject 102. The conductiveiy transmitted
signal of interest may be warsnfitted through
and received from Inc skin and other boas,
tissues of the subjeci body in the term of
Eked-Heal alternating current pea.) signals
that are condusted through tee bady tissues.
AS a result, such receivers  do rot row ire any
additional cable or haid wile connection
between the device emitting the signal and the
receiver. [064]As the signa, receivers are
tyynliguied to feceiye a conductively 



transmitted signal, they may include a If
ansoody conduct:ye cammunicalion module
The fianstody conductive commJnication
module is a functional' module that is
COnngwed to receive a conductively
transmitted signal, such as a signal trusted by
an IEVI Mere desired, the transbody
conductive commurrcanon module may be
implemented by a high power -functional
block, such as desci toed snore in some
notarizes, the signal watch the transoody
conductive communicalion ;noddle is
configured to receive is an encoded signal. by
which is meant that the signal has been
modulated in wino manner (for example usage
protocol such as binary phase art keying
(8PSH), fegyercy s'Mt Yeying TSB], amplitude
shift keying (ASK), etc.). In such instances,
the receivers and tfansbooy conductive
communication module thereof are carif,ogied
to decode a received encoded signal, such as
d signal milled by an ingestible event marker.
The receivers may be configuied to decode
tile encodcd sigra' in a low sigra: to noise ratio
(STR; environment, e g , wham Time may en
substantial no'se in addition to the signal of
interest, e g , an environment haying an SNR
of 7 7 deer less. The receivers may be further
Configured to decode the encoded signal wiie
subsfantially no erfor. In cenain aspects. lee
signat recover has a high coding gain, e g , a
cooing gain ranging from 6 de :0 12 dB, race
as a coding oain ranging trom Bet to :0 dA
including a cod ng gain of 9 dB The signal
Jeceivers of aspects of the Invention Can
decode encoded signals with substantially to
error. e . with 10% error or less [0651ii those
ascecfs where the received signal s encode.
such as where the received signal it an
encoded IFNI signal, the TanSbOdy
conductive communication nodule may be
Configured to mozess Inc deceived signal with
at ices One demodulation protocol. where the
fransbody conductive communicayon modufe
may be configuied to pfoces Pio received
signal yihn 7.6/0 Sr morn. Three or mde, four
or more, different demodulation protocols, as
desired When Iwo or more diffrent
demodulation orolocols ale eMplOyed to
process a g:ven encoced  



signal, Ina erot000ls may be tin
simultaneously or sequentially, as desired.
The received signal may be processed using
any convenient derhodu,alion protocol.
Demodulation protocols of interest include, but
are not liin(ted le: Costae Loop demodulation
(for example, as described in PCT Asplicalion
Serial No PeTtLIS07/024225 and published as
WO 20081063626. the disclosure of which is
herein Inco(potated 0 yroloroncot; coherent
demodulation (for enamels, as described in
PG" Application Saila/ No. PCTO307/024225
and eublished en WC) 2008/063628, the
dsclosure of which is herein incorporated oy
reference); accurate, low overhead iterative
demodulation (for example, as described in
PCT Application Serial No.
InGTIUS077024225 and published as WO
2005053626, the disclosure of which is herein
incornorated by reference); incoherent
demodulation; and ditterentlal cohered
deiroduiaticr.  [0661 In some instances, a
coherent hemodulation protocol is employed.
Coherent dernonulation modules that may oe
employed in assects at the receivers include.
but are not iirThed to, those dencrinatt in POT
Aoplicaiion Serial No. PCFUS2007/024225;
the disclosure of which is herein incercoralcd
by reference [067]In some instances, a
differentia coherent dernodulatioa protocol is
employed. Differentially coherenn
demodulation compares the phase of adjacent
"Its in a Binary phase-shif( keying modulated
signal (BPSKT For example an 6 bit chary
code or 11001010 wale( result In a OP
erential siva: of 0101 Ill. Since the technique
leverages phase differences between adjacent
bits, hitinherently more robust against signal
ftetopacy Instability and drift than a coherent
CemcdJlation scheme. C.) ILI I r4NATIKr ON
[065]The demo:Val on of BPSK in :le oresencc
oh AWSN (Additive White Gaussian Noise) is
perfunned in certain embodiments to minimize
BER (Bit Erbor Pnte) using conerent
demodulation [059]In these enipincliments. the
in vivo Parsmille, facilitates the receiver
coherent demodeation process ay sending a
pilot carrier in Inz 'front  



perch" of each burst of 555K modulation. This
protocol provides a stable carrier at fail
amplitude and a relerence phase that
worst-spends with the transmission of a 0 pit.
The presence of a front porch gives a useful
detection signature -0 the receiver ant a large
number of cart at cycles for accurate
estimation of the Carder frequency and chase
[0701An additional practical use is made of ge
carrier frequency fie simplify derivation of the
data rate. The transmitted %pal is formatted to
have tee data clock frequency an integer
division of the carrier frequency, This permits
easy and rapid data clock acquisition once the
carrier aCiquisit101 has been accomplished.
[0711The receiver samples ihe incoming
signal at a fate 0 around 4 goes the carrier
frequency in certain embodiments. Tnis signal
is mixed with the ens (Direct Digital
Synthesizer} salts the nominal Carrier
frecpency to create consoles baseband (real
and imaginary components). The output of the
mixer is low pass filtered and cecimated. The
low pass filter bandwidth must be suXicient y
wide 0 caplute -Frequencies in the tend due to
carrier oscillator uncertainty and tregtiency
hopping dither. The Irequeley of the BPSK is
subsequently in the 'vicinity Of 0 Hz with a
frequency accuracy Of +/- 20%. [0721The
receiver squares the complex baseband
BPSK signal to create a strong double
frequency line. The gent porch signal and
following BPSK modulation all contribute to
this The. The squared complex erne dorsair
signal is transfoineg to the frequency contain
using an FFT fiFast Fourier Transform). The
peak energy bin is identified as the 25 carrier
frequency. This frequency is divided by two to
provide an estimate tithe  carrier oilset
frequency to about 01 % accuracy using a
1024 point VET. [073]The compiex based end
signal is then mixes a seconl lime with the
determlneo offset frequency. The result alter
raidow hand low pass filtering is a complex
5555 signal centered at 0 Hz with an accuracy
of 0.1%. The bandwidth 0, the narrow oand
iow pass filter corresponds with the half
bandwidth el the BPSK signal. [0741Tina front
porch Signal is then extracted. The frequency
offset is 



determined sy fliist computing the phase 1phi -
arotanginaireal)) of all  sample points in the
front porch, and then ostirmating no slope of
pill ks, time using a least mean square fit to a
line. The slope of the line corresponds to Ihe
residual frequency Offset The complex
basebang signs b than mixed a third time to
remove th's frequency offset with an accuracy
better than 0.91%. [076]The compiex signal
front porch is teen averaged to determine the
mean imaginary and real values. "the
arcten(mean imaghnean reap pewees the
front porch phase Arotelot factor is comoNed
based on this phase to rotate the BPSK on to
the imaginary axis with the front porch an 270
degrees [76] A second averaging is then
performed on the entire rotated BPSK signal
to identity the confer of gravity on the 90
oegree (data =1) and the BPSK is rotated in a
similar manner to center his on he imaginary
acts, The Imaginary signal is then sliced to
extract the data. [77] The slNed data is
strobed with a data clock that Is derived from
:he prior deteintination at No carrier frequency
and enrich knowledge of the integer factor
relating the earri Cr frequency to the data
clock frequency. 10783 hl embodiments of the
above protocols, it is assumed that the carder
frequency holds lo a sufficient accuracy in
frequency and phase through the duration of
the entire burst. [079]Aspects of Coherent
Demodulation meddles Ng, niay be employed
in 6110001119117S of the receivers include,
but arc not limited to, those describee in POT
Application Serial No PCNUS20071024225.
the disclosure of which is herein incorporated
by !Verbose 



ACW,A.r. LOW 01" ,IHEAD ITEFATIVE
DECODINO [060]In cenain embodiments, the
receivers incluse an accurate, ice' overhead
'Maracay decoder also reteirec to ifereIn as a
communicatiors decoder. The
communications decoder provides highly
accurate romrnun cations in a simple, elegant,
and cost-effective mariner despite the
presence of significant signal: distortion due to
doise and other 'actors The communications
decoder utitizas Nror col rectng codes and a
simple,  iterative process to achieve the
decoding results. The communications
decoder tan be used across multiple and
varied acolicaliens to reakze a low cost, high
coding gain. 1081iBroadly, art embodiment oh
a communications decoder provides decoding
capabffilies for data communications. An
emoodimen: of a communications decoder
provides a high coding gain with minimal
overhead. in some instances, the
colurnunicaTons decoder lacilitates data
Iransmission rates close to lire
theoreticailltaXiMUM, the Shannon Limit, while
minimizing processing overhead. The bw
overhead ensures cost-effective
imclementalions. Varlets implementations of
the present invention include hardware,
software, and circuitry. 10821Various
embodiments of the inventive communteatigns
decoder of the present inocnion use error
correcting codes and a simple, unique process
to "urge" a measurement signal associated
with a Di', in error towaro a measurement
signal associated with the coyest, origins art,
thus improving ths iikelfhood of identifying
destinatiati data that matches the data
encoded at origin and significantly improving
data accuracy at destination. The simple,
unique process fadilitates efficient
implementations The tow overhead associated
with the simpie, unioue process MilinliZa$
costa LOPS decoding is far less corrplex by
using the erative Communications decoder the
present invention. palGenerally, the decoder
nodu.e generates tne decoded data via 



reniatione of the following technique Fee each
oil eel of the encoded data, nest of measured
signals associated with the encoded data is
rounded to the nearesl most likely possible
-nzasurement if no noise were present,
e.e.,loanearest transmissien symboi The set
of transmission symbols is conceded into a set
of hard case decision va:ues An error cheek is
performed on the se: oh hard code decision
values The sot of measured signais is
actustec based 011 an outcome of the error
check of the set et hard case coercion values
The foregoing is pertortned in sasses roar an
measured signal sets of the encoded data
until a predetermined stopping condition Is
met Aspects of Accurate, Lee' Overhead
Iterative Decoding mocules that may be
employed in emoodifrents of The receivers
fnduds,  but aim not limited to these descilbed
in POT Apo[Galion Serrai No.
PC,Tilz.520071520225, the disclosure at
which is acroin inners:mated ay reference.
Foo8a8o Eaton CoaboaCT.ON FOSS]In
certain embodinens, the receiver is configured
for use war an in vivo liansmitte, that ems-lays
EEG irerwardror Cerra:00n; to provide
additional gain to combat interfeience born
othe, Unwanted signals and noise The error
cooection in simple in the transmitter and
rescuer, and provides high coding gain This
functions; ty it achieved using single Parity
check product codes and a novel SSG (Soft In
Sort Out) iteralivc decoding algorithm [085]Ills
transmitter encodes the message by arranging
it in rows and coiumns Each row has an
appended parity pit, and similarly each column
has an appended parity bit For examole. a
IOU bit message could be arranged in a 10 cy
10 sit array. Parity bits wouid ae added to
create a lino' 11 by 11 bit array that hOUid
then oe Transmitted on the mind using BPSK
For agdbonal gen additional dimensions could
be dna. SuCh as twee d a cube were created
to arrange the ntessage and parity oils [0857
The receiver decodes the message by an
110-31UVO process to achieve high coding
gain. Each sit is samolso and saved in "sate
loin "snoring idea- sampies c herd decision
points) are normalized to -1 and +1 rerieod
bits would come in a range between say, -2.0
and .:20 A hard decision Is made on all samo
es and parity checked. If a row or column has
a parity eg cr.:0e sampies of ihal row or
column are rcoalsad from their correspond-1g
hard dacisiog point by a small delta if the row
or column net no carity error, the samples it
that row or COUMII are attracted to 7nEir
corresponding held decision point by a snail
delta Using a properly selected della, based
on etc acted chance: SNP (Signal to Noise
Ratioi, ten iterations is usually sufficient to
achieve an a to 10 DB coding gain Oil AV0GN
ihiddzive White Gaussian Noise) ['his method
is easy to imolai-nent in stored aragram OSP
or FPGA/ASIG !ogle It also comes 



cabin one or two dB or the Shannon !mitt for
horwurd error corn action given the earicitiar
coding 'are- 10117IAspects of Forward Error
Correction modules that may be cmp,oyed in
emnodimants oh the receivers include, but are
not limited to, those descriged in POT
Approation Serial No. POTrUS2007/024225
publishes: as WO 20081063626; the
disclosure of which is herein Incorporated by
reference. 0NOWNNONALOr Niletruo
[08E]Various asnects may employ the beacon
tunctionality module In venous aspects, tine
beacon iunctio tarty stforooduie may emoloy
one or more of the for owing: a beacon
wakeup module. a Deacon signs, mocirle a
wavelfrecuency module, a multiple frequency
module, and n mcculated signal module.
IDS9)lite season tunctionality modrie may se
associated with nacos cor, nunications, e q , a
beacon communica.ion channel, a treason
probed. etc For ine purpose or tlite present
nisslosurs. beacons are tysioaily signals sent
either as pan oi a message or to augment a
message (sometimes referrers to nerein as
teacon signals') The beacons may save
well-defines cheiacteiisbcs. such as
freouency. Beacons may be detected readily
in noisy environments and may be used lot a
trigger to a anti circuit, such as those
described oboes te901In one aspect, rho
beacon functionality modulo may comprise the



scacon waltsup module, aannag Nereus
functioraiiiVrakeup funotisr slily generally
comprises the kinetic:terry to (opiate in high
sower modes only during SneCifiC tims e g
short periods for soecific ourposes, e g to
receive a signal, eO. An important
eonsisaaron on a ladahier oar ion ut a system
is ihat it be of law ingwer This renters may be
advantageous in an implanted receiver, to
vovide for both smell SiZO and Is preserve a
tong functioning electrical supply hem a
batsrur The beacon wakeap mOdue may
enable these advaniaces on hay rug roe
receiver operate in a high naialfa mode for
vary limited peilods of time  Short duty cycies
of Liris Rim' can prev.de optimal system size
am o energy draw Praha es. [091]In pi act ce
the receiver may 'wake To" periodically, and al
law erergy consumptIon, to Morn a i'sikiff fund
on' via. for example, a sniff dread. For Ire
papoose of the present apple:ear, rho term
Sniff function' generally refers to a shoo,
loin-war ',mann to determine if a transmitter is
presentif a trnsmter a-gnal is detected by the
sniff Sanction. ihe duce may transition to a
higher power co hi ounication decode 'nine e.2



rrsrsrrieer sigra' is nol pieseril, he receiver
may return cimmadiately retatn, to sleep
mode. In this manner, energy ..s conserved
during relatively long per' ads when a
transmitter signal is not Present wh le
high-Power Capabilities remain available for
efficien: decode mode operapionp burl np the
relatively Sew periods when a Iransmit s gnal
is resent. [092)Several modes, arid emanation
thereof, may pa avalaola for operating the sniff
circuit By matan.ng Ma needs of a particular
system to the sniff :Paull configuration, an
optimized system may be achieved  [093]
Exther examples cf cocoon lanctionailty
modles are descrioed In POT Aoelication
Selal klo PCTIUS08/85048: the cis:pomp of
which is herein incoroota.ed py reierprice.
[099]Various asoects may era play freque ay
mopping fanctionaika/ module The ftequency
popping functionality module may pe
associalec will the specific commuricaticns
channalisk frequency bopping protocol, etc As
such. mica's aspects may Jr li ire one or more
frequency hopping protocols. For example, lie
receiver may search the designated range of
freCiuelCieS, e g , two or more different
trepuencies, in WitC1 the transmits ion could
fall. When a singie proper decode is achieved
the in vivo pansmittet has accomplished IP
mission of communicating its digital
infarnat,09 payioad to The receiver. [095]ir
some instarces, a traramisted freciaensy
uncepanty provided ay random frequency
hopping. e.g., via a random module may
create  



multioto offnefits. One examalc of such ci
communication petered is Frequency hopping
some shectrum communication THSS) FHSS
is a method of transmitting radio signals oy
rapidly switching a carrier among many
frequency chanced., usitio a pseudorandom
sacueree known to aotlf the Ira nsniftloc and
the recerver. Onc such benefit for example,
may on easy implementation on a small die To
bustrate the in vivo transmitter carrier
frequency oscillator can be an Inaccurate Pee
running oscillator that is easily implemented
on a small irriOn of a 1 dm die. Accuracies on
ihe order of 20 are easi:y tularatod Ths is
cecause the receiver employs frequvned
Searching algorithms. [095]Another such
ballet may on extended battery life To
illustrate. over tea course of the transmitter
battery life. e Q .three to ten minufes, thu
probaoilay al the fransmiller ear-ism:fling on a
Dear channel that can be received by the
frequzncy agile peeve: may be s glif Hardly
enhanced due !elm-teem frequency hopping
[97] Still another benefit ray be minimized
collision events in hien volume ervirormenfs
To i'lLstrale, rettimiff Wien at cufiu,or,
crouabilily when multiple in VIJO fransrtinters.
a g ingestible avert nlarke's, art porenhally
transmitting simultaneously. such as in
instances where the multiple ingestible event
markers e.re ingested concurrently or in close
temooraf proximity.Stated dfferently, '.sit vett
begancy hOgping functionalfty, :here may be
a high probability that ingestible evert makers
of a sim lar lot will transmit on He same for
nearly the same) frequency, resulf ,ng in
multiple calif:fans [98] In certain aspeols the
usertl frequency soectrdm br use in voiume
concoction cockatoos ranges from about 3
kHz to 150 kHz Through stalled animal studies
tu nes seen {deserved thatsonic
environmsnts. the in vivo transmitter. supra.
having a received signal .evel in the range of 1
to 100 ,AV may compete with narrow sand
inzerterirg signals on :he order of hundreds to
thousands of tiV in the sane frequency
spectrum To mitigate the destructive nature of
.rirmffering signals, a frequency honing
charnel or protocol may or employed In witch
the in vivo transmitter random!), frequency
hops a rarrovv sand transmitted siva. e g a
modulated sigrel such as a binary phase see
keying (APSK) signal or FSK signal, output on
each transmission. 



[099]Further examples of Frequency Hopping
modules are described in POT Application
Seiial No P01221308,i85048; the disciosure Si
whicii is noroin incorporated ey reference
enue.eui Ahempert ternrrrcrccom IVICOLLE
[0100]Various aspects may ameloy a coliision
avoidance functionality moduic. The collision
avoidance 1 unotionaley module may be
associated with the specific communications
channeeei, collision avoidance protocols. etc.
As such, various aspects may unitize vaitsus
collision avoidance pfo,ocol techniques
associated kriin Fie specific commit-Mations
charireps). Collision avoidance techniques
may tie particularly useful, ler example, in
ariviroaments where two Sr mcra in ViVO
treAsmitiers are present, e.g., where an
individual Ingests multiple ISM. In such an
environment, if the various in vivo transmillers
send their signais continuously, tee
transmission of one riay obscure the
transmission from all tho Other in vivo
trarsrnithers. As a =It, failure to doted signals
may increase. significantly. [0101]Various
asoeCIS May include serious coilision
avoidance approaches, alone of in various
combinations. 101023One such approach
employs rulifule ffansmii frequencies. By using
frequoncy-selective filtering. the transmitter
CFOad(SISSFQ at to can be distinguished
hem. Ina transmitter broadcasting an 12, even
If they are transmiting simuitaneously.
101031Further examples of Collision
Avoidance modules are described in 



POT Application Serial No. POT/
LISO9i8.50,48; the disclosure of which P
heroin incorporated oy reference.  sso
suumusslisscsrmssossmssin \St rst rut
[01031In addition to rec.dving a condycSvely
transmitted sigrd, such as ore emted by an
idenyfer el an ingosdble 2.'2F:t marker, the
signal receiver may further include one or
more distinct ohysiologloal oatsunder sensing
ah.lities By physiological parameter sensdg
aoiSzy is mews a casabili7 of sensing a
physiological parameter domarker, such at.
but not limited :o: eardio-data inc udinp heart
rate, electrocardiogram (ECG), anc the like;
reseirdion tale, temperaturs: pressure:
chemical composition of lied, arnlyto detection
n blond, fluld state, blood flow rale.
accelerometer mot.on data, eta Where the
signal deceiver has Plye-010400 parameter
Or bids-laser sensing capaddy, the number
D1 distinct oarameteis or biorarkers that the
signs' recorder may sense may morn. etc The
tem 10omaiked refers to an anatomic,
ohysiolood, biochemIca or molecular
parameter associated with the presence and
Severi0 01 Specific disease slates Bioriarkers
are detectable and treasurable by a vadely of
methods inducing physical examirstoi, lac
oratory assays and medical imaging
Depending oil the pact outer embedment the
sieve receiver may accomplish one or more of
these sensing functions using the signal
receiving elements, e.g., us ng electiodes of
the receiver or signd reedy:id and sensing
apnlicalions toe the s.grial receiver may
inc.ddc one or more distinct sensing elements
that are differcrn tram the Bgnal receiving
element. Tie numbe, 01 distinct sensing
elements Chat may be present on 1,or al least
coupled to; the signal receiver may vary, and
may be 1 or more. 2 or more, 3 or more, 4 or
more 5 or more 10 or more, etc (01051In
certain ambddrnents the signal receiver
includes a set of 2 or more, sack as 2 or 3,
electrodes that orovIde 'or dual functions of
signet receiving and sensing For example, is
addition to receiving signal, the eerodes can
also serve addltional sensing lusuisns. In
certain embodiments, the electrodes art used
to gencrato elect, oc0d.ogram data. From tat
data. there are many Kinds of processing that
can oe done e.g to dated sauces cardiac
events, such as tachycardia,  



tiorillations, heart rate etc The obtained
electrocaithogram data can be used to rtrate
merications or oe used tot alerts when an
important change or significant abnormality in
the newt rate or rhythm is detected. This data
is also helpial i noonlaitteireradirnents for
monitoring had trate in parents 4mo ho rot
have pacemakers or as an alternative to
patients who might normally more a Holler
monar4 or a Cardiac Event Monitor, portabe
devices for continuous), monitor ng :he
electrical activi:y of the heal for 24 hours or
other devices eto exterded reeuraing period is
useful for observing occasional eaidze arthurr
ias that are dr icor to identity in shade!' time
periods [0106] As described nowa two or more
different demooVatbn protocols may be
employed to decode a given received signal.
in some instances. bath a coherent
demodidation p,woo4 and a differential
coherent demodulation protocol may be
employed FC 2 provides a functions: stock
diagram sihca a recover may Implement a
coherent demodration protocol, according
scone aspect ol die invention it should oe
noted awl only a poruon of Inc receiver is
shorn in FIG 2 FIG 2 illustrates roc process of
mixing tie s.gnal down to basecand once Me
oarrier Cequency ;and harrier a:gnat mixed
down to carrier offset) is determined A came,'
signal 221 in Mired with a second car er signal
222 at !tixer 223 A narrow low-pass fitter 220
is appl-e Of appropriate bandwidth so teducr
the effect of cut-of-sound noise. Demodulation
occurs at functional blocks 225 in accordance
wth the coherent demodulation scheme of the
present Irvention ale unwrapped phase 230 of
the complex s,gral is determined An ooticna'
third ssixer stage, in whin the phase scot Sion
is used is eStimara the requency differential
between the canlated and real carrier
frequency can be apsacd. The structut of rho
packer is that :average:: to determine the
beginning of Inc coding mgion of the 13P,SK
signal at block 240 n:y. Ile p &solace of the
sync header, whicia appears en an FM porch
In the aniplitucle Signal Of the COMplex
derma:tainted signal is used 10 deternine the
Slating Wanda Of the panne',. Once the
starting octal of One packer is determined the
signal is related at biock 250 on line IC done
and standad bit identification and
crow-dailydecoded at block 260.  WO
201057511.5PCT/besorrwerosim [0107]In
addition to democ:iialion, the transbody
communication moduie may include a ropeard
error correction modulo which modulo
provides additional gain to combat rim:Soren=
from other unwanted signals and noise
Forward error correction functional mosu es of
interest include those described in PUT
Application Serial It PCIVUS2007/024225; the
disclosure of winch is herein incorporated by
rerercrce Ir some instancos Ole forward error
correction module may employ any convenient
protocol, such as Fe= Salmon, Golay.
Hamming, SOH, and Turbo protons to identity
and cruet ;within hounds) decoding en G?S [Pi
081Receivers of the ireention may (tether
ernaloy a beacon functionality module in
various aspecis. Me beacon switching modulo
306 may employ ono or mom of tic folowing: a
deacon wake= mooule, a beacon signal
module, a waverfrequency modu:e, a multi:el
frequency noodle, and a modulated signal
module [0109]The beacon switching modu:e
306 of Fig. i6 may be associated win beaceel
communications eg , a beacon communication
channel, a beeper protocol. etc For the
purpose olive preset tditd osure beacons are
typicaly signals sent either as pact Cl a
message or to augment a message
(Sometimes refen est to heves as beacon
signals') The beacons rr.ay have well defined
chaiaciersdics, such as rrequoncy. Beacons
may be defected noadil yin no:sy
environments and may be used tore trigger iro
a sniff circuit such an described elow 



[01101In one aspect, the bassos switching
moduie 306 may comprise the neacon
waserip module, hay ng walseue
functionality.Waseup lunciionallio generally
sentences as iwiciionahly lo operate in high
sower modes only during saes& times, g.
shod periods tor specific purposes, to receive
a signal etc An imoortant consligelation on a
receiven portion et a system Is Mat be of bur
oower This feSture was DO advantageous in
an implamed receiver, to provide for ooth
small size and to preserve a long-functioning
elect r: ca supply Iron: a bates,. The season
switching mcclu e 306 enables these
advantages by haring the receiver operate In
a h:gn power mode for very irnded periods of
time Short drily cycles of this kind can provide
optimal system see and energy draw features.
00av0u5103PCTTE2009.110128 [9111]In
practice, the renewer 100 may "wake ups
ceilodically, and at low energy Consumption.
to perform a "sniff -functions via, ior exartp1e,
a sniff circuit. For the purpose of the oresent
aoplication, the term 'sniff !unctions gencrafiy
raters to a short. km-Dower tunct1on no
determine it a transmitter is present. If a
transmter signal is detected ey the sniff
function, the device may transition to a higher
oower communication decode mode. If a
transmitter signal is not present, the receiver
may return, e.g.. 1mm:eclat:ply return, le slew,
mode. in this manner. energy is 'conserved
during relatively long periods when a
transmitter signal is not present, while
high-power capabilities remain avai1adie for
efficient dec.:Co mode operalions during the
relatively few periods when a transmit signal is
present. Several modes, and combination
:hereof. may so avai1ahla for operating the
sniSf circuit. By matching the needs oh a
particular system so the sniff oAssult
configuration, an optimized system may ee
achieved. [0112]F,G. 3A Slustsates a beacon
swishing ursine 306 wherein a sniff period 301
is longer flan transmit signal repetition reeled
303 The :ire function is provided on the x axis
As shown the transmit signai repeats oerod
tally with a sniff function aso running In
practice. effectively, the sn.ff period 301 may
on .onger than the transmit sigrai repetition
period 303. In various aspects. there may be a
rola:a:0y lorg period 01 lime between the sniff
acripds. In this way one sniff function, e.g.,
implemented as a sniff choir, is guaranteed to
have at least one a ansmisSiOn to occur each
time Ile Silif dicuit .5 active 101137Peering
now to FIG 33 illustraies the beacon switching
mode e 



306 wherein a short but [sentient sniff period
305 and a bng tiansrat packet aoi arc
psoxidep The sniff dreuit wilt activate at some
point daring the srarsissis time. In this
manner, the sniff circuit may defect the
'..ransmil signal and switch into a high cower
decode mode 101141An additional beacon
wakeuo aspect is to orev,de the 'sniffing'
funs:Son in a continuous anode In constant to
the approaches provkied above thin aspect of
the Isansbody deacon tansmission Cannel
may exploit the fact that the total energy
consumption 1s the moue/ of aye/age power
ConSumOtiOn and title In this aspect, .as
system warmin1111!ZO :he  total energy
consumption by havinp very short periods at
activity, in whieh case the periods of activity
are aymaged Moan to a small numscr.
Alternately, a low continuous art actiyity is
provided. In this case, the configuration
provides a sufficiertm low power so Mat the
transmission receiver runs continuously With
total energy consumption at an appropriate
level Mr the parameters of a specific system.
[01151A functionai flow diagram of We season
switchlng module 306 of Fig. 1B is shows in
FIG. 30. In FIG. 3C, the seaczn switching
module is shown as erne mooule 310. ((he
stiff moduie 310 is configured to scan far data
encoded in current flow produced by ionic
emission. The data is received at the receiver
as a conductive signal af a set scheduic, every
20 seconds. Al step 315. the period during
active sniff is limited, e.g., 300 rrisee. This
relatively low duty-cycle allows for lower
average power functionality tor extended
system life At steo 320, the receiver
determines if a signal is present and if that
signal has a vaiid ID, if no signal having a vale
ID is detected during active snei its iluMrated
by arrow 320), the process returns Tri mop
315 and the active Sniff is turned oft until tho
next predetermined active period. If at step
320 a signal having. a valid ID is received,
tiles the process moves to steo 322. At Wee
322, the receiver determines it the signal
received is frem a previously deteMed ionic
transmitter. If the signal is frorr a creviously
cetected ionic transmitter, then the process
Maims 10 oleo 320. At step 326 the receiver
determines whether the count (in other words,
individual valid detections of Inc same ID) In
the current wake JO cyCie (specified lime
since the last reedited ID, such as 10 minutes)
is greater than a specified rumber (such as
501 as measured by a threshold counter. Z
the count exceeds this thresheld as
determined by the threshold counter, the
receiver returns to sniff mode. If tee court
<foes not exceed Me threshold vaiue, Mien
the process moves to step 330 and the
receiver operates in 100% detection mode to
analyze the received data encoded St am
current flow by the tonic emission. Once Ike
received data is decoded end analyzed, the
process return to step at S. If at step 320. Inn
receiver determines that the data encoded in
me cement flew is coning Fors a different valid
source than  p?eviously dma:ted, then the
process moves to step 528 At step 328 the
Ihreshoin counter is reset. [0116]Another Hem
of a beacon module is provided in the
functional clock 



diagram shown in FIG. 3D. Trie scharne
outEined in FIG. 30 outlines one iiccianigue
for identifying a vaile wagon The hoaxing
signal 360 represents the signals received by
electrodes, bandpass filtered Much as from tO
KHz to 34 KHz) gy a high frequency signaiing
chain (which encompasses the carrier
frequency), and converted from analog to
Digital. The signal 360 is shoe decimated at
slack 351 and mixed at eve nominal ditdo
frequency such as, 12.5 KO, 20 KHz, etc.) at
mixer 362. The resulting signal is decimated at
Mock 364 and low-pass filtered (such as 5
KHz 13H/) at block 365 to produce the carrier
Marai mixed down to carrier orfeett-signa,
365. Signal 369 is f Atha arc:cussed by blocks
367 (last Homier- transform and then
detection of two strongest peaks) to =HAD the
true carder frequency signet 368. This
protocol allows for accurate determination of
she earner frequency of the Lransreileed
beacon.  [0117] MG. 4 illustrates a airacon
functionality wherein a beacon Is associated
with one frequency. c.g., a beacon channel,
and a message is associates' witg enotner
frequency, e.g., a message channel This
oonfiguration may be advantageous, for
example, when the system is dealing with
mutrip!e transmit signals. The solid line
represents the beacon from Transmit Sienal 5.
The dashed line reoregents the beacon from
Transmit Signal 2. In various transmission
situations, the Transmit Signal 2's boacon
might overlap with that of Transmit Signal K as
depicted. Message Signal I and Uessage
Signal 2 can ge an different frequencies from
their respective beacons One advantage may
be that inn beacon from Transmit Siena! 2
does not interfere with too message from
Transmit Signal 1 at all, oven though they arc
transmitted at Hie same sine. While 4 is
shoran with tvro transmitters, it will be
apparent to one of ordinary skill is the alt to
mostly the system so as to scale it to many
more transmitters. The requiienems of a
particular system may, lc, soma extant, dictate
the particular architecture of that system.  suct
kOlitaitm InPCPUS2009/0681.28
[0-118]Further examples of beacon
functionality modules are described in POT
Apolicakon Sera; ho. POTIIJS,08785048; the
disclosure of which is herein incorooreued by
reference. [0110,.,Venous aspects may
employ a frequency hepeirg functionality
modkie he frequency heaping functionality
module may be associaee with the soeciflo
conimunicat ons channel(s), freouercy
h000ing protocol, etc As such, various aspects
may utilize one or more frequency napping
protocols For example. Lite receiver may
semen 7h2 designated range of fromienriq, g
two or more different frequencies. in vihich the
transmission could fall When a sing'e proper
decode is achieved. the in vho transmitter has
accomplished its mission of communicating its
digital information payload to the receiver.
[0120]In sone ,nstances. a transmitted
ttquency uncelatity presided of ianclon
frequency hopping e.g.. via a random
ITIOCIAO, may create multiple oeneflts one
woo beret for example, may be easy
imp!ementaf on on a sral die To illustrate, an
in vivo trarisitaltur camer frequency oscillator
can to an inaccurate 'tee rtirni ng oncillefor hat
is easily implemented on a smelt porker of a 1
ITri de Accuracies on the Gide: of +; 20 are
eaShe tolerated becat;se Ihe receiver employs
frequency smelting agerithms 



[0121]Moller sue.) benefit may be extended
qatLety life To ilastrate, over the souse of the
transmitter baLLeey iiie e.g. tree to ten
minutes, the probabilay of ten trersrniter
kansmittlrg on a beer channel them can be
received by Inc frequency colic receiver may
be significantly enhanced due to random
frequency hopriing [0122]SIM another oenefil
may oe m;nirkzed eolision everts in nigh
voldree environments To illustrate,
minimization- of orabaokty when multiple in
vivo transmitters, e g , ingestible event
marke's; ale autenlially transmating
simkIfoleously, such as in instances yyhere
the multiple kigestib;e event markers are
ingested concurrently or in obse temporal
proximity. Stated dilerontly, without frequency
hoop-ng functionality, kiere may se a nigh
probeeitity that ingestible event meters of a
sim lar lot wil transmd on the same for near);
the sane) frequency, resudng in .multiple
collisions  (0123]In certain anpacte
thefrequency sesta-um far use in volume
conduction appiicatiOnS ranges here about 2
klz to 150 kHz Through dr:laled animal stuoies
it has boon obsecrec that in tome
environments. Van in vivo trarsrKter, supra,
having a received signal level in the range of 1
to 106;1V may coma-ate with narrow band
inlerleniag signals on the order of hundreds to
thousands of uS in the same frequency
spectrum To mitigate the dessucuve rhaiure of
interfering gnals, a frequency flopping charnel
or orotocel may he employed in which the in
eve transmits-randomly frequency hops a
'innerly band tassmitied signet e g , a
MOCiliated signs; such as a binary chase alai
keying (SPSK) signs] or FSK signal, cutout on
each transmission (01241Further examples or
freaueriey Hopping modules are described in
PCT Application Serial No PCTINS08185048:
the Oisclosure of which is herein inceiparated
ay reference [C11251Various aspects of the
receivers may amp on a collision avoidance 



funclionalty module The collision eve idattce
funoronalty module may be associated with
the specific wiimmunications channehisb
wollison avoidance orclocus se. As such,
VariOUS aspects may utilize various so Ilition
avo dance solccol techniques associated
N1111 the specific communications
channel(s) Collision avoidance leohniquss
may be oarticulany usefui. tor exarecle. in
eitironinenis where tv:o or more in vivo
transmitters are present, e.g where an
intividual ingests IEMs In such an
environment, if aln VOniOUS in nibs
transmitters send their signals conlinuous:y.
the transmission of one may opscure the
transmlion from all the wter in vivo transmisers
Ass result. r- lure to detect signals may
increase significantly (0126]Various aspect
may include various =Lis's' avoidance
soproachas, alone or in various oombinations
[al 27]One such appoach employs rinaible
VanS'ab frequencies By using
frequency-selettlye filterina, the liEnSlantei
3rOadCaSting at ft can be distinguished from
the transmitter broadcasling at 12. even if they
are transmit na simultaneously.  W0
201E0175115PeaUS200atitatal [Dl
281Frertbee examples of Collision Avoidanse
modules are descriced in PCT Application
Serial No PCTIJSO5/85048; the disclosure of
which is herein incorporated by Ietch:pee
[01291Addiponal fun:Mona' modules tnat mak
as included in the trarsbooy 



communication monde of the receivers of the
invention include a clock funoflonalie module,
which associates a pmre:313r tar with a given
mgnal. e g , as described in one an mere of
Per Apelloalion Serial No POT/Jena:3504B,
PCT Application Sena'
Na.PC17US20071024225 published as WO
2008/095183 and POT Aoralication Seiial
FC,TMS20077024225 abbisked as WO
2008/063C28: the disclosures of which are
herein incorporated by reference [01301As
imitated above, foe transboey conductive
signal may also be a signal pioduced by strad
parertmal delivery systems. e g , as described
ir PCT application eerie no PCT/LS2007fO1
5547 pub:jelled as WO 2008/008281: the
disclosure of %Win is herein incorporaled py
rut:roma 'n these instances, the body
assocato medical device nay be configure:, to
deMre a numper of different types of
inlormeeen about e lied delivery event from
the received signal -vises of info' mat on that
may as delved Induce, but are not km fed to:
that the delivery event is about to occur or has
occurred, how rnkch fluid was administered,
the identity of the fluic that was administered,
etc. For more instances where the receiver is
conffommi to delormire how much [Lig was
amminlstered, fhb dedce may configured to
eceive vaiiabfe volume administrafico rata,
such that it is con/Lamed lc receive dittosart
,alflee for his data field. (01311The receivers
may provide a further communication oath via
wnicn co:looted data can bc transferred from
the rope yen to another Device. such as but
rot limited to a smart ohone hosptal
infarrratlon systet, etc This lssrthet
communication path is provided by an
"extrawcrocreal corninknicalion' module This
extrawcrcoreai wain paication modulo may
empoy a variety of cifferem orolocois Pioneers
of interest include betn wired and wireless
communication oretcwa's Far instance a
receiver may rehire conventiona RE o molly
;for exairple, operating in the 405-ImHz
medics! device band) with which a pramitioner
can communicate, e.c . by using a data retr
eva. device, such as a nand or analogous
device. Cl  'Merest. in some aspects are ow
tower wireless commanicatien protocols, such
as eu 0511)055au wireless commuOcallon
poymeals Also at otoesr arc ccrrenurecalions
protocol that employ a mutt:- popose
connector. such as cescrined in oreetyr detail
below [0132]Where the eceive.- includes as
least a coition that is tale' cal to a living body
during use, that cordon may have Getout
devices for a:coding, e.g.. audio andon visual
teecitack: examples of which include audible
alarms. LEDs, display screens, em The
external colon may also include an interface
pot vie which the component can oe concede:
to a computer for reading out data stored
therein In addition. ara external SCI7i01 may
include one or more operation elements, such
as ounces arena logions SPUME-CS, that
aloe/ a acer to manuatfy interact with the
oody-associate med-cal device In some way,
e.g.'., to test operability, to turn the device on.
to reset toe devce: eta. 



[0133]It some instances, an extra-corporeal
communication nestle is employed to
reeerfigye various parameters of the receiver.
As such, the communication MOdUle may be
a two-may communication module Patoneteie
Mat may be 'a-cone:obi ed include the "Cute
Cycle" of the data acquisition, e row once the
receiver snits far IEMs. how often and for how
long die reeeic cv codeos ECG an natty data.
etc 1(0134)in sne asecet, the extra-cure:Yost
communtation mocule 'bey be implemented
no have its own oower app y no that it may be
turned on and an indecendent y from trier
components of the device. for exam's, by a
microprocessor [0135]Receivers in
accordance with lila machmas of the invention
may ineude one or mem distinct physoogleal
sensng modoes by physiological sensing
magpie is mean; a capability or ilInCtionality of
sensing one or moe obysiorogical parameters
or b:omarkers at merest, such as, but not lit
ited to: cardio-dam. including heart rate,
electiocardiogram (ECG'', and am mspiraeon
rate, tempera:toe: DfCSSUCC; chemical
composition on fluid, e.g., analyte detection in
arced fluid stale. Mood New rate,
accelerometer motion data: etc Where the
iece,ver hen pnysloloolcal parameter or
Piomarker sensing caoabi ity, the  WO
2lltshtiflia number ol d:stinct parairelers or
liornarkers that Me signal receive, may sense
may vary. e.g., one or more, two or more.
tizee or mare, four or mote, flys, Cr more, ton
or moo etc. The teen 'oicsmarker I tters ne en
anatomic, physlelogIc. oiechemica. or
molecular parameter assoc sled with Ise
presence and severity of a health state, such
as a specific disease slate Deoending or the
oarticuiar accost, !he device may accomplish
one or ma c of these sensing functions using
to signet receiving element 31 the sconce,
such es by using alectrosles of the receiver for
signal renewing and sensing apdlications or
tie receiver may include one or more distinct
sensing Ci. &monis (such as micro-needles
described below) Nat at different from the
signal reccivr g element The numzei of distil=
sensing elements thar may be niesent en the
(or at least coualed to Ine) signal receiver may
vary, and may Se one or more, two or more
three or mane, four Cr more, five or more, test
or Tore, etc. [0136]In sertan aspects. the
receiver includes a sot of no or more. such 



as Iwo or three electrodes That provide for
dual functions st signal &seizing and sensing
For exa:rp e In additicn to receiving signal, :he
electrodes can also serve additional Sensing
functions In cenain aspects, tie electrodes are
used to generate electrooardegram data From
that data. there arc many kinds of processing
that can be done, e.g., to detect various
cardiac events, such as tachycardia
fibrillations, heart rate, etc to detect
newoiogical conoitions, such as se2u:es g , as
may occui in e0Ilepay (See fOr examale
devices and modules configured for seizure
detection, described n greater detail belay:).
etc The =aired e'ectracardrogram data can be
used no titrate medicatiors. or can be used for
Is provide an alert when an important changc
or significant enrol malies in the neart rate or
tythm, Is selected These data te also helpful in
certain aspects for McstarIng heait rate in
patients who do not have pacemakers or as
an alternative to patients who might normally
require a 1-tatter monitor or a Card so Event
Monitor, sortable devtes for continuously
monitoring the electrical activity or the 'cart tor
24 hours or aner devices An extended
iecolcirg period a useful 10 observing
occasionaI cardiac arrhythslas that are diricult
to idantif,,, in short?, time periods.  [01371As
mentioned above, one or more additional
physiological sensors distinct from the
electrodes may be included in the receiver.
For example, a temperance sensor, such as a
thermistor, CMOS lemperaere sensor,
resistive temperature devices iHiDsi, may as
employed to obtain precise Measuremento of
temperature. An acellrocar physiological
sensor may include an LED and a onotodicdc
combined into a pulse oaf meter, welch may
be employed to elefleure Mood oxygenation,
which would also give information snout oulse
pressure, in addition, aspects of The signal
receivers include a aressure sensor, e.g.,
where hie signal receiver is implanted next he
an artery to get measurements of arterial
blood pressure. Strain gauges are present in
certain aspects to measure pros SING
deflections, which are then attached to the
atonal receiver. [0138] The receivers may also
Include analyie detection sensors. For
example, specific chemical sensors may be
incorporated into the ogler receivers te select
the feresencc of varrous agents. e g., alcohol,
glucose, BNP (Ohre hatrimotic cootbe, which
is associated with cardiac disease), etc.
Sensor of interest include these conitgared to
detect the presence et a chemical analyte in a
arological fluid sample, where analytes of
interest include, but are not limited lot brood
sugar (glucose), choresterol, drat bin,
creatine, various metabolic enzymes,
hemoglobte heparin, hernatocrit, vitamin K or
ocher slatting factors, uric acid,
carcinoerwryonic antigen or other tumor
antigens, VUIDUS eptecluctive hormones
such as those associate with twee:Ion or
pregnancy. drugs cf abuse sneer ntetabolhos
Meisel; blood alcohol concentration, ale. In
certain aspects, suhstances or =genies for
which the recetver is configured to detect
include lactate (important for athletes),
oxygen, pH, alcohol, tobacco metabolites, and
Illegal drugs Oleo-tare for both medical
diagnosis and law enforcemene Where the
receiver includes an analyle detecttrig sensing
element, this sensing element can be
configured in the receiver In a number of
different ways. Fen example. a sensar that
incluaes a se ecively permeable membrane
welch Is permeable to the agent one manta to
detect may on provided, where there is an
isolated cell behind the memorane and the
agent passes through the membrane.
Changes in the at-orderlies, such as sleek:cal
properties, of the cell, are then measured. In
caftan aspects. a  WO 20101035115 mat
reservoir on the side of the eceiver with a
membrane across it is employed, and
electrical circuitry behind it is measured. Also
of interest are ChernFET sensors, which are
based on the dittoing of analyie to the tenser
causing a change in the conductivity, In
cedarn aspeor.s, a material whose electrical
pioperties {or other properties) are changed
wren the matefial, e.g., protein analyte. cinds
to it are employee Blood alitiol concentrahon
may be determined any number or ways,
inorucirng but riot limited to: sensors that
analyze fluid samples, such as oersorradon,
ooLical spectroscopic sensors. etc, [0135](Y
interest are eceivers that include at reast an
eleetrdeardiopraph fEGGf sensor module. An
EGG sensor module is a module which is
configured to obtain ECG data and, if coined,
aedrtionalry oertor m one or more of
processing the data in tome way, sforing the
data and ref! ansmilting the data if he EGG
data may be employed my the receiver to
derive a number of different metrics, including
out not limited to. 0' wave, nearl rate, heart
raise vattabili lv, respiration rate, an Where the
receive, includes one or more physiological
sensing functional:ries, the cevice rsay further
include sensing modules that e configured to
obtain and process date om these sensing
finctionallties For example where the receiver
:includes or ECG sensing funetionairty, the
device may include an acpi opiate functional
module her example in the form of
programming) the: can her de ard process lho
raw data from :hese sansoris An example of a
physiological sensing module ot interest is of
an ECG sensing moda e as illustrated in PG 5



[0140]He'errirg now to FIG. S. an illustration of
an ECG sensing module which implernen)s a
modified HannItco and Toil-whirs algonnio is
shown. FIG. 5 represents one possicle
imolemenfation of an A wave detector agar
thin according to one aspect of testnvent on
As Illustrated In FIG 5, the ECG sensing
Modules rectos signs sata electrodes and
barcipasses those signors (e .g 0 3 to 150 -1z)
a. filter 501, before converging the signal to a
dighal signal al At scrivener 502. The signal is
then sent to microprocessor 503 and on to
digital signal pronnsecr 504 lor pu pressing
For example. the data signer received by the
OS. 504 is  PCTIUS2009,168 118 bandpass
filtered lag at ID-30 Hz) at clock 505,
oitterentiated at lock 510, atiP further (Maud at
UOCk 515 to eimphasige and eventually
identify tie window in which the ORS complex
exists al brook 520. Loge is ;hen applied to
ldentify the R-wave witlyn each winnow. At
logic block 525, it is detcrinir ed it ;he window
wain is, tor exampe, greater than -Yams The
peak and dig in the winnow Is determine, as
shown by logic slack 530. If the peak is
greater than twee the din, :hen the fl -wave is
aqua] to the peak the dip is greater than twice
the conk, then the R wave is ecuar to the dip
Otherwise, (he wave is equal to the latio of the
peak to the dip pet uning that rhis is shown
Lay logic hack 535 Thereater, the fl-wave
amplitude and time-to-peak is sent to memory
ie g , flash), as shown by logic stock 540
101411Also of raciest arc accelerometer
modulesAn accelerometer module Is a module
whioe is colligated to obtain accelerometer
data and, It Posher, aeglyonally perform one
or more of orocessEng the data at some way,
storing the data and retransmitting the data.
The aaactaromelar mode may be emu:eyed
by the ree-'iverte derive a rtjn,ber of different
metrics tectudIng bul not !limited tot dela
regarding patient activity, mean activity patient
position and angle, activity type, such as
walking, sitting, lasting (where Pis cane may
on Obtained with a 3-axis acpelerameLeq,
and tiler, save the olflained data Of interest
are bolls analog accalcrome;ers and digital
acceieromelers An example or an
=La.:tercet:ter module of interest s shawn in
FIG. C. 10142]Referring now to FIG 6 a fut.
oral dock oiagrarn of a 3-axis accelei mini
module that is Configured to obtain and
process acCelerOmefer oars UM:fres deletes
axes, acco,ding one aspect of the invention, is
shown Each axis of 'tic accelerometer s
processed to determine the mean (as shown
at block 6011, standard deviation as shawn at
b.ocks 602) and auto coirelation (as shown at
block 6031 The mean Is lefieCtive of the
catentat on of the accelerometer will respect
to araviity, whereas the standard deatior and
autoaonelation are impel teat metrics
deseffibing Me amplitude and frequency of the
ouservec motion, for example, peak correntior,
associated frequency, and COP elation
between axes In order to perform
steMCOunting, the three axes are  



to combined or deck 630 end Altered at Rock
635 The total acceleration is constructed, as
shown at block 640 The hse of the total
acceleration makes the system robust against
dieferent Orientations of the receiver wills
respect to the subject Once the total
acceleration A corm:Red the standard
deviation ard auto correlation are calculated Is
shown or b ocle 645 These ealues are men
tresholded (for example stancard devrationAg
I and Auto-correlation >0 .25) to determine
whether sigrificart, cyclic motion eggs, as
shoem at block 650 Then, as shown at block
655, it lire rirtnulrol. cud values are exceeded,
tem number of steps is determined as the
number at me crossings of the mean
corrected Iota acceleration [0143] In some
!eoerve,s. the device nay rclude an
environmental funotloral module.
Environmental functional modules Ae Modules
that are configured A or acquire eata related
to the environment of tic rocever. e.g.. the
environmental conditions, whether the
receiver is connected to a skin surface, etc RR
example. the enwicenental functional module
may be configured to obtain receiver argent
tencerature data The envitorinerta functional
madu.e may be =Raged to determine
electrode connection, a:., by impedance
measurement The errairenmental functional
module may be configured to determine
battery voltage The aoove specific tuncgona
of the environmental emotional module re
merely Musti etre and are rot limiting. [0144/A
receiver may be configured to handle received
data in various ways In some aspects, re
receiver simply retransmes the data to an
external device g2. g., using conventional RF
commun cation) In other aspects the receiver
processes the rece-veo data to deter mine
whether to take some action such as
operating an eltector that is under itS control,
activating a visibre audiole alarm. transmitting
a control srgnal to an offeror located
elsewhere in ehe body. or the I-ke. in still
ether freers, the receiver stores the received
data for subsequent retransmission to on
external device or tor use in processing of
suosequent data Fe g detecting a change its
seine parameter over time) The receivers may
Perform any combination of these andlor gag
operalons using rece.ved data [0145]In certain
aspects where me recc.vo- is an :EM signal
receiver, the data that arc recorded on the
data storage moment includes at least one
old not all of, time. Dane, and an Identifier
(e.g., global unique Serial no.; On each IEM
administered to a patient, where ine identifier
may be Ins common name of the composition
or a coded varsion thereat. The data recorded
on the data storage element of the receiver
may further include medical record information
or the subject with which the receiver is
associated, e.g., identifying ihformatiOn, such
as but rim lim red to: name, age, treatment
Meat, etc. In certain aseects, the data ct
interest include heriodynamic measurements.
In sertan aspects, the data of interest Include
carniac ti.:S(Je properties, in certain aspects,
the data at interest include pressure or volume
measurements, tericeratore, actiety.
respeatlon rate. Pd, etc [0146]Receivers may
include a variety of different types et cower
sources which provide Daunting cower to the
device in some manner. The nature of the
power block module may ear/ R some
ins-canoes, the power block may nclude a
battery. When present, the battery may be a
onetime use battery or a rechaigeable eallery.
For rechargeable batteries, the battery may be
recnarged using any Danvenient protocol. 01
Interest is a Protocol that results in
multi-tasking oh elements of the receiver. For
example, receivem of the invention may
include one or more electrodes which arc
used tor a variety of !unctions. Such as
receiving conductively transmitted signals,
sensing physiological data, etc. The one or
more electrodes, when present, may also be
employed as power receivers which may be
employed for recharging the rechargeable
battery, e.o., as further dascribed in the
Multi-Purpose Correction Mod Die section be
ow. Alteinatively, the power block may be
conligured to receive a power signal. . where
the power block comprises a coil which can
impart power to the device when an
appropriate magnetic gait iS epOlied to the
=hemp in yet other Distances, toe Device riay
include a body-powered power block, such as
that described in United Stales Patent
Application Serial No. 11,R85,986; the
diSC/Osure of which is heroin incorperat.nd by
ref ererce. 



[01471The recciger may includa a power
supply module which COneols when cartain
states nre attuned by the device, e g., lri order
to minimize hievice power usage. For
example, the sower suepiy module may
implement a dugy cycle for data collection
based on time of day, or patent activity, or
ether events, where the 4nolemented duty
Cycle may be based on a signal factor or
mule: pie factors. For exampte, the power
supply module may cause the receiver to
obtain patient activity data (for example. ay art
accelerometer module) when the patient s
moving around and not when the patient is at
rest In other aspects, the power management
module may have the receiver collect ECG
data only at night, for exainele oy using a real
time clock in the receiver to collect ECG only
in a predetermined time range, e.g.. from 9PM
no 7AM [0148)As stated gaiter, the receiver
may be configured to nave various
styles--e.g., an idle slate or are cv more active
states-with the irtermed)ary module cycling
the high cower functional block beitgeen
active and ,nactive states as needeo for each
desired receiver stale In additioth, other
tecaver elements may be cycled on and off
during different stales ot the reCelVer by a
cower supply module The newer sLIPPIY
module may be configured to control the
sower supply to varIoUS CirCuIL blocks within
the medical device-e.g., circuit blocks rotating
to power supply to processors, circuit hocks
relating to various peripheral components e.g.,
wireless communical on module, etc.) and
their power suppleg, etc. Therefore, cluing
eaon state of the receiver: the power supply to
various components of the receiver may he
:ndependestly cyc'ed on and on as needed to
achieve power efficiency (and inCependently
from the cycling of the high power functional
cock between active ana nactive states as
discussed earlier). For example, in some
instances, reoe)ve,m mey se configured to be
present In two or more diffeaant active slates,
where a different task Cr Set of tasks ,s
oerforeed in each different active state. Tire
receivers of interest may Ioe configured to
perform an ,EM signal detection protocol when
present in a first active state and a
physiological data detection protocol when
present in a second active state. In these
typos of receivers, var' calm components of
the receiver may be independently Pycled on
and off as required to achieve power efficiency
(and independently from the eyeing.) of the
high tower lunctional dock between active and
inactive slates as discussed confer).  Wet
20101071111PC pee20097068128 [Of
491The power supply modulo may comprise
one or more individual 



power supplies to activate and beactivate
power supply to these various components.
For example, in one aspect, the power supply
module may comprise a high power
'Processing inputfoulput power sup* to supply
input/output power to the high power
processing block: and, a high power
procEssing core flower supply to supply core
power to tie high power processing block.
Furthermore, the power supply module may
comprise a wireless communication
irpMfoutout power supply to suoply
inpubouteut power to the wireless
obi:urn:nicer:ion module and, a wireless
Communication core power supply to supply
core power to the wireless sornmosicalion
modulo. [also)It should he understood that a
sir-pie ocwer supply may be used to provide
power to multiple components. For eyample. a
sirgie power supply may provibe Most/output
power to both the high power processing block
and to the wireless communication module. In
one aspect, the power supply module mceives
control signals from a low Cower processing
Nock (for example, the rnicroorocesser) which
determines which tower supplies are turned
crifolf. [01511Referring now le FIG. 26, a draft
diagram G peS of the receiver's circuitry in
accordance with lie teaching of the present
invent on is provided. The circuitry 2600 is
responsible for control/ing the power supp y to
varIOLle components Cl the fecelver. FIG. 26
is connected to FIG. 24 at signal line ''VCC
BAT" shown ss both figures, and works in
conjunction with part c.I the eircuil in FIG. 24
to control the power supplies As illustrated in
FIG. 2E. translator 2610 Is theme ele0Mically
coupled to switch 2620 which is electrically
coupled to voltage references 2030 and 2640.
Translator 2610 translates data signal VC
ESA on its A bus to signal VC_EN BAT on its
B offs. Signal VCC_ENNAT is connected Co
the enabie pins of regulators 24155, 24157,
and 24159 (illustrated in FIG. 241 whlch
supply power to various components.
Therefore, data signal VCS_EN_CAT clay
enable/disable the power supply for various
components of the receiver. For instance,
reglialOr 24155, 251 57, and 24159 provide
power to :he OSP core, DSP C wireebss
communication I/05 and wireless
communication cora respectively. Therefore,
each of  these components can be powered
off and on wind a corresponding
enahleldiSaUe data sfygral (VGCLEN_BT)
from circuitry 2600. [01521Receivers may
include a multi-purpose oonnec7or modue. A
multipurpose connector modtde in:lases lid no
subject contacts, wen as electrodes, as
descxioed herein (also referred to hereinafter
as "multipurpose connectors"), and may he
used for periodic rech.arging of a power
source of the device, reprogramming of a
control funclion of the device and/or data
retrieval from We dek:e. This configuration a
in contrast to configurations That include a
separate connector to" each of these
functions, such as distinct cadent connectors,
power connectors and device configuration
connectors. [0153]Receivers that include
mujihcurposu COrreCtCr modules are 



capaole of variable connection between a
target elect, such as a patient or
patient-related device, and a second external
deufce, such as an externs; programming
device and an external charger device. The
connection may be used to facilitate
ournmunication of signals, e.g., electricaf
signals, digital sigrais. optical signets,
cornoinations of vailoris types of signals, etc.
The term -variable correction', as used herein,
refers to the capacility of tine multhouropse
connector cc receive a connecting combonenf
associated with one of a living suojeol, such
as a patient and the second external device
and to form a connecflon based on the
specific connecting component, e.g., a
connecting component associated with a
patient or a connecting component assoc,afed
with the second external device. The receiver
further includes multiple functional blocks to
control signals associated with a
communication of signals via the connection,
in various aspects, the second external device
comprises an external programming device
and the second tunchonal block comprises a
controller fermi oral block to control signals
associated Adth a communication between
the external programming device and the
receiver. When the receiver is Connected :o
:he external programming device vu lire
multi-purpose connector, she external
programming device may be USed to
orogrammntrally control the receive*. In
various aspects, the second external device
comprises an external charger device and the
second functional block comprises a power
illriCtiOrlai block to control  signals associated
MTh a communication between rho external
charger device rand the .eryeriver. When the
receiver is connected to the external chsiger
via the multi-wig:se connector, the external
charger may be used lo charge The receiver.
In various aspects. the second functional lock
comprees a patient interactive tunctional block
when the receiver is connected to the patient
or to a patient-reeled device via the
multipurpose Connector, the device may be
used to interactive:), communicate with llre
oatiera or oaLrenl-relaied devise. For
example, the receiver may be configured hyth
chyrilrodes to stimulate or serge valour;
patient parameters and plys:caily attached to
the pal ent no facilqate various functional
goes, e.g. deliver a pacing Stii nide:ion to tie
patient; receive physiologic information from
the patient, etc [0159.]rn some specs, en least
one of rho multiple Emotional blocks is
contoured as a signal director.The signal
director may be any component,
succomconent, or cortornation [behest
capable of carrying out the described
functionality In one example the receiver is
pnysrcally associated Mrs e.g., configured to
rnciude, the signzt director. Such a cent1
guratror may comprise one or morn circuits.
etc In ano!ner example, the iirgnal director Is
physically distinct Iron the receiver. Sych a
cent igu, erion rnay comprise a router or other
network device capable faciritafing the signal
functionally described bores Tie sonar director
may comprise a control element configured to
control sigras, e.g., discrimica:e ste signs s 11
variDUS aspects, tne director comprises at
least one of software and circuitry. [Tr
55/Signal contiol or oiscrinrinairon may se
based or various criteria. e g .voltage.
frequency, manual control, programmatic
control, ea:. Control ererneni contrguralion
halos accordingly. For example, en control
element then discriminates oased on vortage
may be implemented as one or more diodes, a
theirirstor, etc A control element that
criscriminates based or frequency may be
impiemen:ed as a high-pass filter or as a
low-pass filter. A :cm*: element providsg
manhal anchor ercgrammatic contra; may be
implemented as an ararog switch, a relay, in
multiplexor. ere Vai iSLIS other
implementations may he based on vaiious
parameters such as ignt. temperature, time.
etc  WO 2011/0751 isPC 1/5 S2009/068128 



101581As indicated above rcultipurpose
connectors are connector foments that are
cot-flowed to provide oonnectior no a cadent
and one or more second external devices,
such as an external programming deviso. an
external charge. device, or an external data
processor. Accordingly, the structure of the
mu ti cfasose connector is such that in can
provide correction of ere receiver to a patient,
either directly or through another device its
deserted oelovp and to another device
Accord,ncly, tic face ver can be Or:minced te
a paient via the inurl-curoose connector at a
firs time and to another device via the came
multi pa pose connector at a =cord time that is
different from the first time, such teat the carte
multipurpose connector is employed to
connect the receiver to different emit es al
different tines As such: the multi-ourpose
connector may be used to connect. at different
irrnes, one or more of thc physical
impementatfous or furrational bloc-cc of the
device to the patient ans to at least one or
mo.e additional external clef:toes, such as an
external charger, an external pogrammme
device or an external data proceasor.
[01571The structure of the multi-ex:Jose
connector may vary an !flesh et where
connector struatures of inlerast include, nut
are nor limited to: IS.' connemors,
Assoc.:Mien fir tic Advancement of 'Vallee"
Instrunertalion Elccirocardfcgrapric (44411
EGG) corn connectors and radical grade
shrauceo mufthpin 00nreCteeS In serge
insfances, the connep.or includes one or more
electrodes, such as two to ten eleefrodes,
including :fires elecirooes Cr tour electrodes.
101581Where desired, the multi pis pose
connector may be configured to connect
directly with a patent or other exlernal device,
such that ne aoditional connector device is
required to provide connection between :he
reulti-purpose connector el the receiver uric
the patient or other Wel nal device
Allernancely. the multi purpcs ecoinector may
be COnfigtired to connect to the patient or
other external device through a physicany
distinct connector desige, such as a cable or
coml. The ohusically distinct ekes.' Iasi
connector may have one termination
earl:cured to fit vac the PIO-etc-pose
connector, and Wieldier lamination configured
no cerfoin a speolie purpose, such as
connecting to in 'Wien' or an external device,
such as a batory char ger er external pi
ogranmung device It should be  notes that
where n receiver connects to a oMent via a
cistinct connector, such as Aire, the device it
still considered a receive, [01551In receiver; of
the invention the mull-purpose connector is
operative; connected (such as electrically
connected. optical!y connected, etc.) to
muitiolc Tractional clacks tem example two or
more, three si more, lour or mote, five or
move, seven or more, ten or more funmenal
blocks; e.g. as desei Peed elsewhere in the
present apaCcaCon. 



[01601In addition to being configured to
connect a patient, the multi- purpose
Gm-Ere:obis of thterest maybe canticle ed to
connect the receiver to other 24071E, devices,
including out not limited to external charger
devices, external programming devices, date
processing devices, modems. Feynaths.
diSOlays, andior external storage devices. et
By usirg (ha some connector to connect the
receiver to the patient ale to other devises.
connection M the patient to the receiver While
the medical devthe 5 connecter to anothm
device, such as e charger, is avoided ThiS
configuration ennances oatient safety,
because it eliminates the possinCity that a
signal Iron) Me ithner external device, such as
the pOWer, charger prommming device, data
pro---"r, etc will be transtethed to the canon(
potentially harming trio oat ent Using a single
connector for multiple functions also makes
waterpthoeng of the devce easier because
there are fewer openings on the housing of
the device 10161]The receiver of interest may
include a 'outer ithorienaly oositioned oetween
the mule-or:those connector and one or more
of the multIpla functional blocks of the device
By 'functionally oositioned between" is recant
that a signal, seen as an thcoming secnal,
outgoing sigral. or oldirect onal signet, alit,
after passing through the multi-purpose
cameo:or. pass through the router beierc
entering one of the multip i e throtional blocks
The routth may be conlithced to so.ecnvely
althw sgnals to peas through to certain
tunolional blocks depending on one or more
parameters For examp-e, the router may be
conegured to d'scthninate the signal. based
on voltage, e.g.. allmving only yoeage above
or :slow a certain threshold thy within a
othLain card) to east through; thequency, e g .
a lowing only signals above or below o
threshold Feguency tor with 'n a certain
frequency band) to oass through: or Operating
mOde. e e ,  charging mode data transmission
mode, araient interactive node, etc In sOrne
instances lbe:e may he a router functionally
positioned between the mull. -ourocse
connector and only some al [he oral hole
functional blocks In Wei wards, Were may on
ono or more funs: onal block,  rest we non
separated hom the multi puroose connector by
a rower. [01621In some instances. the router
may be configured le discriminate signals
based on the unique characteristics ol ins
signals or interest io Ina device. A signal
rneasurad Iron) the body may be a relatively
Ice voltage fort sampler 5E0 mV or less, such
as Ion 'TV or less, or 50 my or less Sirniarly a
signal measured from the body may be Of
relatively low frequency for exampie 20 kHz or
'esS, such as 3 kHz or less, or 1 '<Hz or less
In comparison, a typical power signal used to
recharge rho interra battery of a device raich
as the extra na- medics device may be
a!elatraely higner voltage, such as I V or more
2 V or more. or 5 V or mole A typical signal
used nor data transinissior may have a
relatively higher frequency than a
crad!rameasuraiil signal, for example 100 khz
or more, such as 1 MHz or more, or 10 Mmz
or more Thus, by distinguishing based on
raraTiency and voltage, the outer can
seectiyely route a signal to the appraonate
functions stook or blocks A router :nay disci
Eminaie the signal based on any
onararateristra of the signal, including bra not
limited to voltage hequency and the
comoination of the Iwo la other instances, the
router can routs the ironing signal based on
the operating mace of the deuce whian may
be ser Sn other circuitry, by software, or Of a
marital suilton or command [0163]In certain
instances, tine router is conhgu red to toile a
cratain type 



on signal to a palicular functional block while
isoa:ing the signal from one or more other
functional blocks. For example. -f .5 is desired
to make a high impedance measurement of
the signal from We oatlent, In can be
important to isolate the ow Impedance of the
power iunctional nloek Ibis case, a rostter can
be laced between the power funotional block
and tine iru 'Li-purpose connector which on 'y
allows a sigaal aoove a certain \mirage tu
pass through Thus, the relaiNely low voltage
of a signal measured from the patient's oody
mill be Isolated from the power
PCUUS2009/061;t2e          olosii and the
patient interaciive functional block will be able
to properly measure the signa!
101641However, in some instances, it may
not be ,mgortant to ismie a particular bock
from the other 'unctions( blocks when it is not
acing used. As such, n same instances the
router may not be configured to disconnect
one or mote particular functional clocks from
the signal That is. in these Instances the
incoming signet wil. always pass to a
particular functionalblock However. in some
cases, the functional mock way only respond
to certain titoes of signals, such as a cegair
range on frequency or voltage, and will not
suffer harm when exposed to other signals
This seiect;ve iesponslianess may egecilvely
sales a routing means [0165]Tine router, as
used here, may itself be wade up of muliple
functional roiling blocks each one iunclianal by
positioned petwoen one or more of the device
functional clocks and the inulti-ourpose
connector. In ails way. the Individual miter
blocks may discriminate the signal based on
different :ammeters, al!oiving a cElf area-,
c:ass of signal to reach [ne respect as device
luninonal b:acks {0166]The router may route
signals In the aporopriate circurtly eitnei inho.
ently, acively, or by a combination 01 inherent
and solve Inhll'qJes. In some instances, the
routes may discriminate tne meowing signal
based on voltage For example, a router
knotionaily posii:onsd between the
inultple-prpose connector and one or mote of
Tie funslioral blocks may a low only a signal
neve a ce-tan voltage thashoid to pass
til'OUgh to those functional clocks. 'n some
instances this nay be dare iv.th one or more
diodes In some instances, the diodes may be
arranged as a 



e g , a halt-wave reT.it'er, full-wave rectifier,
Three ohase rectifier, et. In other ,nsiances.
the ron:er may allow only a signal =Low a
Derain threshed voltage to pass through to
associated functions Necks ir11671 In other
instances, the route' may route s.gnals based
on frequency. For examp.e, a router
ignotorally positioned oehveen the
multiple-purpose connector and one or more
of thin lurictonal olocks inay allow only a signal
above a contain Frequency to pass through to
the associated tuner onal biocks n etner
insianses, the rourer may ahoy, only a signal
hslow a cedain tioquency, ve thin a certain
fiegnency send, or  outside of a certain
frequency sand to pass throughA rooter that
discriminates based on frequency may oontain
a tile'', wen as a low-pass filler, a high-peas
liter, or a band--coda filler. The lifter may have
any Convenient design, and Ste filler
characteristics may vary depending on tIi e
onaraeteristics of the signeT teat reed to be
distinguishec [0168]In same aspects, the
router may contain one or more controled
swItcnes that route the s.gnal to the
appropriate functional blocks. The Switches
may include, out are Oct limiled ,a. analog
S./bitches a multiplexor, re!ays, etc., sr any
compilation of those The switches may oz
controlled by other circuitry inch detects the
signal present aid routes it accordingly
Mernative y. the switches rnay he COntrolle:
by software In other aspects, the twitches may
be contioled by the user. For example, there
may be a use' -merle= on the housing o' the
device Sr on at external =frolic:. The Lee:
interlace may include, out is md iimmted to
one cr more switches, one or more mittens, a
toucisoreen, sic by vliich the user can select
the appicolate operating mode and the router
switches can be set accorging'y seine
instances, the operating mode o: the device
can be method by :he internal circuitry or
software aased on the signa inour flora the
mt.lti purpose; connector rile potential
operating modes may incitide, but are not
limited to. patient Intelactive mode, Dowel
charging mode, data communication mode,
etc The switches may then be routed
accOrding to the ooeratirg Male [01691In
some instances uThere data or processing
commands are to be son: through the
0111111iple pupose connectoi, ii may be deM
able to select a signaling protocol that is
compatible with the patient ,sonneCIOn
drCuitry. To comply with reguatoi y
lequirermentS, the aefent electr'ca;
cornealions may have safety capacitors
connected to the electrical connections to
protect the patient mom DC voirages. 01
these coact's, it may be desiraole to select 0
communication protocol that does net rely on
Cc levels to reci agent Ise data bits le. a I or a
0 instead, a sate communica: on orotOcol :ray
be chosen :nal relies on trarsitions or
frequeloy moduation to represem the data In
other ir stances. it may not be necessary to
eyed a DC data protocol, and any cenveniort
data proloaol may he used  



560 2[1[m]]-51 t0PCI(LIS2oyam60123 [0170]A
block diagram of a receiver comprising a
multi-purpose connector is shown in FIG 16,
where the device is shown in patient
ImeraclIve mode Receiver 1601 is connected
to patent 1803 [nrosph multi purpose
connector 1605. Muill ourpose CO9nector
:605 is located on housing 1607 ano is
connected to route,' 1609 Router 1609
connec[s to Intelret power source 1111. signal
aCaLiSiti01 block '613, energy output block
[615. and(or controller and Oats inputioutoul
olock 1617. As shown, the receiver 1601 3
connected to a patient 1603, and thus ihe
router 1609 passes a signal to signal
acquisition block 1613 via connection tell
Energy can be delivered to the patient by
energy Gulp[]; block 1615 through connection
1621 Connection 1621 may or may not share
the same electrical lines as connection 1619
[0171fThe SAMC lecoiver is shown in Alci 17,
whale the device is shown in power changing
mode External power source 1723 Is
connected to receive( 1701 through
multi-purpose connector 1705 Multi-purpose
conrec,or 1705 is connected to router 1709.
Router 1709 recognizes Ilyat the incoming
signal is a power charging signal, and
accordingly routes the signal to inlernal power
spume 1711 through connection 1725, tlyus
nargIng inierra nower soiree 1711. [0172]FIG
18 snows receiver 1601 when tne deviCe is in
data comalrication mode External control and
data communication device 1827 is connected
to receiver 1801 through multi-pumas connect,
1805. Multi purpose connector 1805 is
connected no rosIer 1809 Router 1809
[ecognIzes the ircomng signal as a cont] ol
and(or data comrayrication signal, and
accordIngly routes the signal to con001 and
data InPutIoutPut clock 1617 along connection
1029 External control and data commuaication
device 1827 may then tone a contio signal
and/or data packet to control anC Cana
]nautioutput clock 18'7 or send a signal
requesting data from control and data
.noutotrput block 1817 Control and data
input/Output block 1819 may sena data to
external control and data communication
device 1827 over the eame connection 1825.
Drove dleront connection, including a wireless
connection [0173]Al example of a ,ojtsr when
cant be employed In receivers of Ire Inventon
is shown in FIGS 194 and 196 RC. 19A
depicts a router that  



discriminates the signal hated on voltage level
Only signals that exceed thell-resho'd collage
at router 1931 will be passed trodl bus 1933 to
but 1935 A Siinple example of this mind* is
shown in FIG 196 in which diode 1E07 acts as
the signal Effector, g room- 1909 Only signals
which are greater than the tlpeshold voltage of
diode 1937 will be passed Iron out 19391c bus
1941. [01741FIGS 20A and 20e show
examples of routers that discriminate based
on the frequency of the incoming signal FIG
20A shows Me principle of a router based on
tregsency with flanging signal bus 2043 and
functional bock busses 2045 and 2047
Element 2049 hex an impedance ,,vhicP
increases with frequency, and 'terns a high
pass filter with resistor 2050 Only signals
above the cosign frequency of the high-pass
lige.' aol It se passed from bus 2043 to ous
2045 Element 2051 has an impedance wnich
!educes vef9 frequency, and forms a low pass
fiber wile !easter 2052 Oily spnals beim the
design frequency of the low-pass fittee will be
passed from bus 2043 to bus 2047 The
high-cuss fiber and low-pass filler may or may
not havo different design frequencies FIG 203
shohs a remplo exampc of lain principle
Capacitor 2053 and resistor 2054 form a high
pass filter between bus 2057 410 but 2059,
and :nducLor 2055 sac resistor 2056 form a
lowass fills, oe6yeen out 2057 and bus 2061
Only Mose signas above the cptoff frequency
are allowed ce cans Iron bus 2037 to bus
2039, while or ly Mese signals below the cum('
frequoney are allowed to pass from bus 2057
no bus 2061. [01751FIG 2ne, WIWI'S another
evens ale of a router tl7at discriminates cosed
on the frequency of the incoming signs,.
High-pass filter 2056 has a  gain that drops off
oelOw a certain design frequency. Only
signals above the cosign frequency will pass
frolll Out 2058 to bus 2060 low pass filter 2062
has s gain that (Pops off above a second
&slot' frequency. Only signals above the
oesign Frequency will pass from bus 2058 to
bus 2064  [01761 FIG 21 shows an aspect of
Me router that employs active smashes. Bee
2163 is separated from busses 2165, 2167.
and 21E9 by SWItCh03 2171, 2173. end 2175
Busses 2165. 2167 end 2169 each connect to
one or more functional blocks of Ina external
receive,. Switches 2177. 2173, and 2175 may
be controlled Cy ether circuitry, software,
andior by  PC171:82009/04ai25 



the user to epen or ciose as needed to
connect or disoonrem bus 2163 to Inc
corresponding functional block.
9177]Receivers of one invention may
incorporate circuitry connected to a
multi-ourpose connector which inherently
routes an applied AG voltage, which is acove
a certain threshed, to a rectifying means, a
power nonversion means, and Men to a
battery charger circuit which uses the enemy
to snares the internal battery. The data
acquisition circuitry insine the receiver is
immune to the spccilied applied AC voltage.
Tee receiver also detects the presence of This
voltage and can nano its operating mode
based on that inlorination [01781FIGS. 22-24
show one example of circuitry for an aspect of
the receiver.FIG. 22 sheets the Ir:.ti-pUrp:35C
electrode connections SNAP El 2277. SNAP
52 2275, and SNAP 83 2281, along with
switches 221)3, 22115, and 22117 which
connect the electrodes to (ne signal reception
block (hrougn signal reception arnpliner ilCUS
22121 and 22123. Diodes 2283. 2285, and
2287 oroiest the circuitry from damage due to
electrostatic discharge (ESD). Innucteas 2289.
2291, and 2293 reduce electromagnetic
interference (EMI) Capacitors 2295, 2227, and
2299 arotect the dationc by preventing any DC
voltage from being applied to electrodes 2277,
2279, and 2281 Lines CheigeinAC1 22101,
ChargelnAG2 22103, atd ChaigelnAC3 22105
connect the inputs to the internal power
source which is shown in a subsequent figure.
Capacitors 22107, 22109, and 221, I prevent
any DC voltage from being applied to the
signal reception amoi tier. Switches 22113,
22115, 22117, and 2219 are used to seiect
en,' combination of the three electrodes 2277,
2279, and 2281 (0 go to the two signal
'eceplion amplifier inputs Ysiiff 22121 and
V-dill 22123. [0179]In the device shown in
FIG. 22, ills not ocissibie to disconrem the
signet reception block completely. Its power
changing signal is applied to the electrodes, It
alit be passed through the switches and on to
the amplifier inouts. However, We amplilier
inputs are desgni:CI to oe immune to tile
relatively large voltage, so disconnecting ale
signal reception block is unnecessary.  140
sejeiel 1t1Pr ILSZtar941(9428 



[0160]In an site wades configuration, It may
be possible to disconnect the sicraliecection
oloo6 when a signal other -Flan a data signal
is ,eceizzed on the electrodes This may be
accomplished, for example, by using
additional switches anclor a silferent
arrangement Di switches 10181]The battery
cl-ni per inputs to Ins internal power soiree
functional block are shown in FiG 23. lines
GharceinAcz 22101, ChargelnAG2 22103,
and ChargeInAG3 22103 liom FIG 22 connect
to the ofivver source functiona: block at
ChargelnAC1 23125, ChargelnAC2 2327. and
ChargelnAC3 23129, ressoctiveiy. Diodes
23,31 23'35 fain a nee-phase 'otter. Wher the
Device is connected to an external power cl-ai
ger, the rectifier takes The power nalging
s6nal, which rear be an alternating current e. a
100 kl-z square wave, aid =Ivens it to a DC
cured, on net Charger In 23136 When the
voltage present on rho inouts is less than
about 3.6 V. such as when the device is
cornected to a patient. the signa is not passed
Through :he reotter etu charger In node 23139
is disfionnecled from inouZs 23125, 23127,
any 23129 This isolates the low iii6ecarce of
Charger In ncrie 23139 from tho electrodes
when it is needed to make a high impedance
measurement of t'ne signal on the patiznz
Boost corvedzy 23,41 tootle Ine voltage on let
Charger In 23139 to The desired sower
onarging voltage, e.g.. Egret 5V The donated
voltage s passed on to the 6atery charge,-
through node 23143 Diode 23145 Protects the
ciCuit in case a higher than desired voltage is
ClaCed as Charger In lode 23139 [016211An
aspent of tns batter/ cnarger circuitry is shown
in FIG 24 Output node 23143 Iron' FIG. 23
connects with Tie battery charger circuit in FIG
24 at battery haver inpFt node 24147 BaVery
charger input 24147 connects to alien, charger
integrated circud 24149. In this aspect, battery
charger Flout 24147 is configured to rush:Joe
a battery, c g , a ithi urn eatzerfi, at battery
rads 29151 and 24153 The rest Or the
ciroultzy shown in F'G 20 includes regulators
241 55, 24 57 and 24659 which Condition the
battery voltage 'or use in the rest of the
circuitry in the device [0103]Duing use. the
,eceiver may be opurativsly coup,od to Muer a
living subject, such as e patient or arozher
external device via the nfitz,fi-  purpose
connector Other external devices which may
be corinceted inclUde, but are not limited to.
an interne: power charger device, en external
programming devitc an external data
processing device, The reccicer may aiso tc
noel atively coupied to another medical device
via the muittourpose connector, incliJding to
the external proximal end of an indented
medical device. When the potion: or another
Device is connected to ihe externs. medical
Device via Ins multi ouroose connector, when
present the router may open and close signal
pathways taxed on the type or signer or
characteristics of the signal Ad discussed
above, the rowing may be done inherently,
actively, or by a combination of these end
other techniques 



(0184]ErG. 25 provides a schornatie ot
compere:12f urctIonaliti relationships chat
rnay be achieved en asoects tnat have
malti-purpose conneotois The schematic. for
example, provides for a signal director 2500
The signal director 2500 comprises a control
cement 2502 Ina convol &amen: 2502 may
coital, cr se responsive to voltage 2504
frequency 2506 man pi:ogler:meat commands
2508, and other criteria 2510 The voltage
2504 may be discriminated via one or more
diodes 2512, a thermistor 2514. etc The
frequency 2506 may be discriminated by a
hqh-oass filler 2516, a low pass filter 2518 etc.
Signals may be manuaily and/pr
programmatically COITClieC by manual
crogrammatic commands 2508 via analog
switches 2520, a relay 2522 a multiplexor
2524, etc Other CI ileria 2510 for signal
con:rotresponse may include, to: example
light, temperature, thee, ea: 10505]tfiegiods of
using Devices with moat:purpose connecrom
at the iryenlion also include the meciter from
either the patieht or onc or rho other devices
dISCLISSed Stove. and operatively coupling
the device to another one of either the talent
or one or the other devices via the
milli-purpose connec:or. When present, the
route' in the receiver rnay route the signal
from the second connected ffeVia2 differently
than the signal from the trst cornteted device
In adoltior. the id:Pitting mode of the externa,
vrediew device may change in response to the
signai trout The second connected device
WO :010,07S10acitiS7009/668102
[01861Further detais iegarding receivers that
may include multl-prrpose connectors of the
invention and methods of their roe may ee
found in United States Provisional Patent
Aoplioation Serial No. 61/122,723 filed on
Deeember 15. 2008; tie disclosure of which is
herein insersorated by reference. lirpesiance
(EZ) Measurement Module [51871Receivers
of the invertion may include an impedance
measurement 



Module, for example whet the devices are
configured to measure imcedance across at
least a pair of cluctrooes of the device
impedance measurement modules may De
configured to detemThe the loop inzazdanco
at Inc series corral:lathed of Iwo electrodes
and a resistive load Tor example as provided
by iutervening tissue; The irapepance
measurement moduie corn arises a current
seines slack to orovide correct across the
olecirocies are a voltage processing bleak to
measure las voltage signal opens the resistive
load and to determine the e &Erode
impedance For example. the receiver mac be
configured to aptly a 2 Opp (REIS amplitude is
luArrizu spi..ale wave current across its two
electrodes This is sL.Ticieni to detect a
detached electrode Apcicatioas may include,
but arc net limited to receiver diagnosic
app.ications e g where Teasszad impedance
is employed to determine if an electrode is
disconnected from the patient ancror is not
working, patient inonitoring appilcations, SuCh
05 where impedance is en played to
determine one or more physiTogical
parameters, cc. [0188]E.G.27 provides a
circuit diagram mioceling a drve scheme 2700
siclemented sy the cuter- source elocic,
accordinp to one aspect Di Ow inaction As
shown in thiS aspect. a bipolar rent may be
derived from a uninolar logic drive, with no
'DO' component in she drive scheme Two
currents, 'EZ Carter 2720 and 'E2 Balance
273e, are generrsed and provide an oecsodo
current lee 2710 across the two eieztiodes
"EZ_Camer 2720 ace 'EZ.fialance' 2730 may,
for example, be generated by the low power
processor ie g microprocessor) and
implemermed logeter in series with capacitor
2740 and resistor 2750 (the unkno*n electrode
ampeUarice- r01891The voltage processing
block measures a voltage signal 2700 across
the electrodes (I.e., across the resistive Iced ,
resistor 2710) resulting tram MacRae current
lea 2710. The voltage accessing Clock may
then ass voltage signal 2710 to determine the
electrode impedance. For examp(e, voltage
signal 271C may first be amplified by
pain-2871, band-limiled by a 5 KHz HPF and
33 KHZ LPF to reduce noise, and applied loan
Ali) converter inptJt (e.g., a Halt Ad) converter
sampling at 500 KHz) to provide a digital data
stream from the voltage signal. A DSP, fOr
examele, may process the digital dale stream
determine the electrode impedance. For
example, she DSP may mix the incur data
stream wan a sine wove at an EZ Carrier
frequency 208Hz), apply a Hogenauer FOIG5
filter to low-oars titer, and decimate (t 0. OY
1e) the data stream. Thls moves the
fundamental Of the carrier energy to OH. The
DSP may then calculate the aosdiFe value
(magnitude) of the data stream. average that
over a 1 second period, and convert to
impedance using tne formula: Zeleotrode = (
Ve (Galn I ) -300 [0190]where: Ve is One
imeasured amelitude at the ND converter, at
the iez wrier frequency 520KHz). Gain setting
G3."GO = 0000; using 287 as she Gain value
for calcuialion. This results ill 3300 ohm Tars
resistance ,Clcctrodo impedance) in cedes
with the eCctrobe bdng measured. 



[01911 FIG. 28 provides for a &cult diagram
for an eieccrode impedance measurement
using a 3-seine ohmmeter, according to one
aspea, of the invention. Current source block
generates EZ carrier line 2820 and EZ
Balance line 2830 to provide electrode current
Opar 2810 flowing Through resistive load,
dectrode resialance En 2850. With a Kelvin
connection, and no current flowing through
electrode ;impedance) Cm 2850, the voltage
obseded by tile first stage 2870 WA be lez '
(300 hEna Electrode current fez 2810 may be,
for example, 2 pApp - I ilaRMS [01921 An
impeoance measurement module inciudes
control module and prouessing module and
eiestrodos. Impedance measurement is an
WO al atafaim. example of a sensing
capability that may be accormalished wah any
two electrodes oh a receiver. In addition to
determining lunctiOregity of the device and
olacement thereof, e.q.. wt,ether the
electrodes ate working anClOr connected to
the subject as desired, physiological dafa of
interest may be derived from the measures
impedance. hoc example, the measuren
imnedance fait have seam component which
Is determined by the trans-thoracM
impedance, which relates to resgitatiOn. in Ills
manner, the impedance data can be employed
to obtain the respiratory rate of the subject.
The electrodes 2260may also co employed es
sensors of the fluid state of subject Over time,
particularly fore heart Madre patient on
diuretics fluid status is a very Miamian,.
quantity. The obta'ned fluid stale can oe used
to titrate medications andfOr provide Weds. In
addition to measuring fluid status, impedance
measurements could also be used to measure
body fat Matti-do/ aTIgtOMNIOTION [0193jIn
various aspects. the above described
modules. e g , high power- :ow pone, modules
!Mealier:ay modules, the harsbody conductive
commendation modfile, the 'physiological
sensing modules uahner supply =Wee.
Storage modules extra-corporeal
communications modules, etc., andnar one or
a combinabon of Ineir components, may be
implemented as software, e.g.. d,gaal signal
processing sofgaare; hamlware. e.g., a cireut;
et cembinationa thereat As such addit one'
elements that may be present in Ida signal
receiver include, Out a,e net limited to. a
signal demodulator; e g , for decoding the
signal emitted Iron an IEM; a signal tfarsititteb
lur sending a signal from the signal (waiver to
an externa: location; a data storage element e
g , tor Manna data regarding a received signal
physioMgical parameter data, medical record
data. etc.: a clock element, e.g.. tor
associating a specific time with an event. sbeF
as receipt al a Signal; a pre-Molt:en a
microorecesser, e.g.. for comdmatag one or
more of the different tunctionaillies of Inc
signal receiver, sand pass littars, etc  [D194]In
ratan aspects the modules of the pwsent
receivers are present 



an integrated circuits, where We integrated
circuits include a comber et district functional
blocks Within a given receiver, al level Cerise,
g.. two or move, up to an includipo all of, Lhe
thcauicts may he present in a sing is
inWgrated circuit ir the receiver (tor examp,e
in the fare of a system on chip oLL ROG) By
role integrated circuit s meant a singe circtji I
structure thal includes all of the different
functional blocks. As such, the integrated
circuit is a monolithic integrated oi-cull ;also
known as IC, mice:a:You t, microch: p, silicon
chip compiler chic or chip) that is a dl raturized
electronic drcuit ;which may include
semiconductor devices, as welt as passive
comoorents) that has men manufactured in
the surface of a thin spostiate at
semiconductor tutorial. The integrated circuits
of certain aspects of the present invention
may no World integrated circuits, which are
mniatur zed electronic circuits constructed of
indivicual serrieondactor devices, as well as
passive cOmoonerus bonded toe socstrate or
0117515 board (01953FIG 7 provides a 'clock
lunctionai diagram ce an integrated circuit
component of a signal receiver acaording loon
aspect of the invention In FIG 7, reacihcr 700
includes alactiode input 710. Eledr oally
coupled to the electiode input 710 are
traasoody conductive communication module
720 and physiological sensing module 730 In
one aspect, transhogy conductive
communication module 720 is impremenwe as
a high fregaench (I-IFt signal nail and
chysiologica, sensing module 730 is
implemented as a low fraeuency RP) signal
chain. Also shoat are CMOS temperature
sensing module 740 (for detectwg ambLenl
temperature) arid a 3 axis accelerometer 750
Receiver 700 also includes a processing
engine 760 (for example, a mictocontroller and
digital signal processor) non-volatile memory
770 (for data sicraget and wireless
communication module /80 gar data
transmission to ssofhar device, for example
line dela upload action). [01963FIG 8 provides
a more detailed block WagLam of a cticuit
configured to imperiled the block functional
diagram cf the receiver' de.picted in FIG. 7,
according 10 one aspect of the invention In
FIG 2., receiver 800 includes electrodes el, as
and e3 (811, 812 and 8131 which,  tor
example receive tile conductively transmitted
signals by an ISO and/or sense sigyeiclogical
parareetels or biomarkers of inte est The
signals received by the electrodes 811, 812,
and 813 are multiplexed by rrult plexer 820
which s electrically couslod to Mc electrodes
[01971Muaplexer 820 Is electrically couplet to
both high said pass lute.' 



830 and low sand lass filler 840 The high and
low frequency signal chains provide for
erogrammaqle pain lc cover the desired lows!
of range. In ells specific aspect, high band
pass filler 830 passes frequencies in the lp
Kele la 34 Mee sand while fleeing out noise
from out-of-sand equenmes This higg
freouency bard may vaiy, and may inolude, foi
example, a range 3 Khz to 300 <Hz The
passing Pequencees are then amplified by
amplifier 832 before being converted gem a
digital signal cy converter 834 for irwet into
high power peacessor 880 (shown as a DSP)
which is electrically cogoled to the nigh
freograncy signal chain f0188]Low band pass
filter 840 is shown passe-1g owes freopencles
in the range of 0.5 Hz to 150 He while fleeing
out cut-of band Irequenams. The frsquency
nand may vary and may include ter eearnole.
frequencies less than 300 Ho, such as less
than 200 Hz, incluclIgg less than 150 Hz The
passing frequency signals era ansieled by
amplifier 842 Also shown 's accelerometer
850 electrically Coupled no second muliplexer
860. Multplerier 830 multiplexes the signals
from the accelerometer with the arnol lied
signals from amplifier 942. The multimexed
signals are thcr convened to digital signals by
eorvelee 864 which Is also elect ically coupled
to low cower processor 870 [01991In one
aspect a digital aOceleromeler (such as one
manufacfured Of Analog Devices): may Os
lmplememedplaoe of accelerometer 550.
Various advartagcs may be achieved ay using
a digital accelerchmtm For exarnole. oecause
the sigrMs Me digital accemometer would
produce signals already in digital format. the
digital accelerometer could byeass converter
834 and electricaly couple to the low power m
crocontroller 870-in which case multiplexer
860 would no longer bc roquiled. Also, fhe
digeal signal may be conegured to tern itself
on when detecting motion, further conservng
power. Ir agcltIon continuous step countirm
may be implemented The ligfal accelerometer
may irclJde a FIFO bifer to help  centre' the
flaw of data set to the low moves processor
870 For Instance. data may so coffered n the
PIED [rntil trill, at winch tiros Inc processor
may no Piggered tot im awaken from an idle
state end receive the data 012001 0.0w power
orocessor 370 may be, for examele. an
MSP430 rniCrecontrolfer from Texas
Instruments. Low tower procetnor 870 of
receiver WO maintains th.e idle sloe3, wnicl
as elated earlier, reprints nritri mid current
draw. g I OdA or less. or I 0.4 or less [0201]H
go power processor 880 may no for examale,
a V05509 digital signal process from Texas
Intruelerlo3 The high power piocessar 880
oerforms the signal orooessing non one dolor.;
the active stale These actin, as stated zanier.
emelt larger amounts of current than the idle
tease- g., metres of 30 41.4 or more, such as
50 0 or more-and may induce, for examole,
actions soon as scanning 'or conductively
transmitted signals, arocessing conductively
traremeted signals when received. obtaining
andiar crccessing ohysiplogIcal oats, etc 



[02021 The receiver may include a hardware
secs emior module tp process dale signais
The hardware accelerator module may on
Impiementec instead oh for example, a OSP.
seine a more specialize comouteelon drit, it
performs aspects of the signal processing a
gOrtell with fewer transistors [less cast and
power; compared lathe more general purpose
DSP. The Mocks of nardware may Se
used"accelei ate- she performance of oiccrtan,
specific functionis)Some architectures for
hardware accelerators may be
'arogratnrnable" via microcode or VLIVJ
assembly. In the course or usu their loner one
may an accessed by cats to lore non licranes.
[02037 The hardware acceeiator [HOW
module comprises an 400/A input oc[s is
receive ari inoLt signal that i3 to oe processed
and instructions for [recessing the :omit signal;
and, an IMAM processing Moen to process
the input signal acoordire to tha received
insane:one and to generate a resulting output
signal The reediting output signal may be
transmitted as rooted by on Hook o[c."t stock.
1.0204]FIG 30 pioyides fir a bock diagram cl a
H0O/4 moeue, according to one aspect of the
invention. As shown, input block actor is coup
ed In orocessing clack 3002 which is coupled
lo outeut block 3003 Mout block  3001
receives input signai 3001 and/u' insimelions
3015. HINA mochre 300 may, for example,
receive a transoody conductive
comingnioalicr, signs' from the Irersbody
conductive coinmurloation modals: and/or,
receive ohysiologicai data signals from one or
more physiological sensing moeules. 



[0205] The HWA module may receive an
analog signal and inCude an At converter to
convert the signal to a digital signal, or may
receive a digitai input signal re.g., from an
A/ID converter or microprocessor). For
example, the I-WA module may be electrically
coupled to art A/E) convener and a
microprocessor having a state machine
cal:pc:Mg data directly from The ND
converter. In tremor examalo, the hardware
accelerator may be only oar:necked to the
microprocessor processing data as directed
by the microprocessor. [0206]lostruotions
3015 may oe, for example, receive from an
internal memory, external memory, or by a
microprocessor one aspect, the HWA. module
shams mommy with the microiwocessor (e.g ,
vfa dua: pod memory or via a met). In another
aspect, the HWA module excharigee data via
a DMA cork [0207]The HWA processing block
3002 processes input signs; 3010 according to
received instructions 3015. Functions such as
a DC,0 (digital controlled oseillatop, DOG
;digital down concerted, FIR filler, GIG
decimation may bo implemented by aces a
hardware accelerator. These tunctlons are
optimal Tor 1E10-related signal processing,
and ate also apotcable to general purpose
data aoguisilitm, impedance measurement,
ECG signal processing (Hamilton and
Tomkine), accelerometer, etc. The resulting
output signal 3020 that It generated by HWA
processing block 3002 may be transmitted as
needed by a HWA output block 3003,  [0208]
The 313VA 133pdule 3000 may tutor
comprise ao I-MA pop/or block 3030 to
erableldisable power to HWA module 3000.
For example, HWA module 3000 may be
configured to be powered oft and on, or
configured to be disabled by gating ins clot<
which drives it, etc. The transistor coon:
required to implement Ills relatively small
(roughly in the 10k to 100k gate range) with
most of the static power drawn by the
associated  inemoryfiers. The hardware
?aceExeter is thus capable of low power
consumption. [0209]Also shown in FIG. 8 is
flash memory 890 eiectrically coupled to high
power processor 880. In one aspect, flaah
memory 890 may be electrically coupled to
low power processor 870, which may provide
far better power efficiency. 



10210)Wireless communication element 895
is shown doctrinally coupled to high power
processor 880 ens may include, for example,
a BUIPTOOTHn wireless communication
transceiver. In one aspect, wireless
Communication element 895 is elecnicaliy
coupled in high power processor 880. in
another aspect, wireless communication
element 895 is electrically coupled to high
power processor 880 and low power
processor  870. Fuitherimore, wireless
communication element 895 May oe
implemented to have its own power Sunly so
:hat it may be turned on and off independently
trots other components 01 the receiver-e.g.,
by a mid-op-rat sor. (0211]FIG. 9 provides a
view of a block diagram of hardware in a
ieceiver azzoting to an aspect of the Invention
related to the high frequency signal chain. In
FIG. 9, receiver 900 includes receive: Dozes
;for exanpie in the lona of electrodes 911, 912
and 910) electrically COUOICd to multiplexer
920. Ado shawn are high pass filter 900 ens
iow pass Ifiter 940 to urovide ay a band pass
filter which oliminates any out-o3band
trequeno;es In the aspect shown. a band pass
of 10 KHz to 34 KHz is provided :0 ass carder
signals -falling wiThin the frequency band.
&anal& carrier freovencies inay include, but
are not limited to, 12.5 KHz anc 28 KHz. One
or more carriers may be present. in additon,
receiver COO includes analog to digital
converter 950-for example, sampling at 500
KHz. The digital signal can tnerealter be
processed at Ile DSP. Shown in this aspect is
DMA to DSP unit 980 which sends the digisei
signal lo dedicated memory or the DSP. The
direct memory access provides the benefit oh
allowing Ohs rest ot Inn DSP to remain 44 a
Inc cower mode Examae configurations tor
various slates  We 4olo.97.5115scasussoon
[0212]As stated earlier, tor each receiver
state, the high power functional Hock may be
cycled between active and inactive states
accordingly. Also, for each receiver state,
various receiver elements (sues as circuit
stocks, power demains within processor, etc .:l
of a receiver may be configured to
independently cycle front on and off by the
cower supply module Thereicro, the receiver
may have different configurations for each
state to achieve power efficiency. nor
instance. FIG. 29 shows the receiver to have
idle and active states-- e.g.. idle stale 110.
snit! state 130, demodulate and decode state
140, collect ECG arid accelerometer state
120, and transmission slate 1604 It should be
noted that as state, earlier, the beacon signal
module may iraptement Various types of sniff
signals to achieve low power efficteney, thus
the sniff state has bear grouped ease inactive
state for the foliowIng example [0213]With the
states shown in FIG. 29 is mind, the following
paragraphs 



piOvide example configurations of receiver
=ponents shown in FIG. 3 during various
slates of tile receiver, according to one aspect
of the invention. It should as understood that
alternative configurations slay be implemented
depending on the desire:. application. [0214]In
the state 110 the receive: draws minimal
current. Receiver 800 is configured such that
low power processor 840 is in an inactive slate
(such as tdie state) end high power orecessot
880 is In an inactive state such as idle state),
end :Smuts blocks misted to peripheral
circuitry and their sower supplies required
during various active sLates retain off (for
example, wireless communication module 895
and the analog front end). For exaMple, tie
low power processor may h eves 32 KHz
oscillator active and inay consurre a haw pA
current or less, (nc(uding 0.5 ttA or :ess. In the
idle state, the low power processor 870 (nay,
for example, wait for a signal to transfer to an
active state. The signal might be external such
as an isterruot internally generated by one of
the device's peripherals, such ass timer.
During the high cower crocessoffs idle state,
the nigh power processor may, for example,
be-running off a 32 KHz watch crystal The
high power processor may, for exarnole, wait
for a signal to vanster to active state.  5].f.i mil
opacityPCT aff [0215]When ow receiver a in
She sniff state, low power crocessor 870 is in
an idle state and high power processor 880 is
in an idle state. In addisan, the CirCull blueics
relating to the analog from end including Alf)
converter that is needed for She sntlf function
are on (in other words, the high Irequeney
signal chain). As staled earlier, the deacon
signal module may implement various typeS
of sniff signals to achieve low OeWer
efficiency. [02161Upon detection of a
Transmitted signal, a higner power
demodulate and decode slate may he entered.
When the receiver is in We demothilaie and
no:ode sMte, low power processor 570 is in an
active stale and high power processor 880 is
in an active stale. High power orocessor 810
may. fcr example, be running from a 12 hatz
or near crystal oscillator with a PLL nasod
clock multiplier giving the device a 108 MHz
Mock speed. The row power processor 870
may, for example: run off an internal fa-C
oKillater in the range of 1 MHz to 20 MHz and
consume power in sfic range of 250 to 300 uA
per MHz clock speed during active sfatos. Thd
active stato allows for orocessing dnd cry
tranornissene that may follow. Required
transmasions may trigger the wireless
communication module to cyte from elf loon.
[0217]When She receiver is in collect ECG.
and accelerometer slate, the 



&COI books relating to the accelerometer
andier ECG signal condifionag chain are on.
The high power processor MO is in an in ide
slate during coliecten, and in an scene state
(fm exampie, running from a 12 MHz or near
crystal oscillator with a PSI-based clock
molliplier giving the device a 108 MHz clack
speed) doting processing and transmission.
The li-wf power processor 170 is in an active
slake during this slate and may ran off an
internal R-C oscillator in tho range of 1 MHz to
20 12112 and C011311Ple power MI the
range of 250 to 300 cA. per lirSHu dock
speed. Additions; stales for Ile receiver
[02121In addition to the s/aloe of operation
where 118 receiver cycles =Moon idle and
active mates, the receiver may include other
states of  WO 2010.975115 Operation.
Receivers may inclucle a storage state, far
example, exhibiting a very love current draw of
10 pH or less, such as 5 pH or less and
Including 0.12A or less. In the storage state
the receive' may be configured, for example.
so that the foci power processor is in Sr. idle
state, the high power processor is off, and
other receiver elements such as circuit blocks
relating to peripheral eircuitry needed during
act/vs stales is off. FIG. 29 ilbstrates a sforage
slate 170 for a reggiAer. The receiver may ae
transitionet from a storage 51510 10 a
non-storage stale according to a variety of
inputs, such as a predetermined schedule Or
an applied stlmul as, e.g., in ieeponee to a
manual manipulation of Ms receiver (for
exampe by pressing Sr 'on" ouleon of
removing a tao from the receiver) or 4,
response to an 'on' Squat transmtled to the
receiver As shown In FIG. 1, the receiver may
transition trom storage state 170 into an idle
stale f 10. [OM] Receivers may a:so be
configured to include a charging Rate, as
shown in FIC. 29 as charging state 150. )(Men
the receiver is in the charging stale, only the
low power processor is on. for exampie in an
idle state. The circuit blocks relating to Mt
power supply of the high power processor at:
all peripherals are turned oft (02201Receivers
nay also be configured to include a
Commission stale 160, where data may be
transmitted to arid/or from the tech/or and
another extra-corporeal device, for example
ay using a wire ens communication protocol.
The high power processor is in an active state,
the low paV/01- processor is in an active slate,
and other receiver elements slot as Petit
blocks related to the wireless communication
modulo arc Cc. 



[02211Receivers may also be configured to
include a "diagnostiW stare. In a diagnostics
stale. the receiver may test the operation
clone Sr more tunclons of the receiver, e.g.,
signal receiving, ohysiological data obtainment
and/or processing, etc., to delemene whether
the functions arc neing performed correctly.
The receive( may further be configured to
report to a user, e.g., alas signal (which flay
be audihle. viSUal, relayed to a third device.
etc.) the results of the lost. For example, the
recelver may be configured to report to a user
that all functions are cm-Sting normally, or that
Were is a oroolem With one or more functions.
In scan:: aspects, be roceiver fransitons into
and out of a diagnostics state according to
different inputs, such as a predetermined
schadale If or example as provided by
receiver orogrammagI or applied stimulus,
such as described above. Gommuolcatiar via
Serial Peripherai Interface Bus [0222]The low
power Processor ;eg , Iff SP shown in FIG 8)
and high Power processor Ie g , DSP shown
in FIG. 8) fray commun.cre with oath other
using any convenient communication protocol
In =he instances. These hp: laments. when
sresort communicate with eath via a serial
peripneral mterface ous fnereinaffer "Sal hasp
The follorrng tawLollar describes One
signaling and messagins scheme
implemented to allow Sc high ever processor
ants low power processor to communicate and
send messages back and felh along Mc SPI
bus For me follow ng description at the
communication between Pie processors,
'LPP'ens 'HIPP' are used in place of low
power processor' and 'high power p ocessof ,
reSpect vely, to stay cons steel with F G S.
The discussion. howove-, may spar,' to other
processors than those shown in FIG. C.
[0223]Thainterfase is configured to rho PPP
'51112 master and the HPP .s the slave and
the Ilnk a ;Liven only by one PPP side The
HPP can any respond to the LPP vs BPS
Farthensore. SPI reaLires that Pie HPP
respOnd inlinediate'y to the LPP. lithe LPP
sends data and rho LIPP is noL wailing for the
data, then the data are lost The signaling ond
messaging conhgpration tor thc !mortaro is
described below. according to one aspect of
one inHention..n order to overcorre these
Imitations S'gndirg [0224]To overcome the
amiss desurbeu score, three "out el band"
signals 



arc imoIemented in the signaling pi moo! Pie
Lap MS sn "Attention" signal tat it can assert
and de-asses, and the HPP has an "Attention'
and  WO 2510,075iisPC a(usetiewerelei
[0225)so- the 1.-PP to send data (0 g.. aleP
initiated messages) to the PP. the LOP
asserts its LOP Attention s.grel 't then walls
until the HOP lesponds by asserting Ins IPP
Grant s.gnat The ensares that Dale sides ale
ready for the SP1 transaction and no data are
lost At his point, the HPP is able to receive
messages from the LPP. If currery unacle to
receive LPPertele100 messages Lem iitt LPP,
the HOP is then enabled to receive
LOP-ini,iated messages The HOP remains 'on
the line" until the LPP de-asserts its LPP
Attention signal The PP responds to As
de-assert by de asserang iv HPP &eel sIonal.
At this pant. the HPP is Jrable to receive
messages from the LOP. Since she to receive
._PP-initiated messages from the LPP, the I
IPP m then cisabled l'oni receiving
LOP-initiated messages) In this case the
system responds to both the change in loyal of
tne signals ano the .evels themselves. In other
moms, the systen sees the signal assenec as
a quest 'or action and the system locks at tne
levei of that signal as an indicator at
continuing neon. Beca_ise the PP does not
need lode anything until the app asserts its
LOP Attention signal, the PP nay enter into a
low power idle state In such case, the LOP
Attention signal not only requests Inc SPI .irk
bet also wakes up the HOP. [02261For the
HOP to sane data Ie g., H.PP initetco
messages) to the LPP. the HOP asserts is
FPP Attention moral' lhe assert sotiti as the
LOP that the 1-1Pla has dale. Inn asser, on
the HOP Attention signal is what alerts the LP
P. not toe dc-assert of abs HOP Attention
signal. The HOP need only dc-assert this
signal before it can assert it again Once the
PP seas the HOP Attention signal asserted. a
vri'l eventually respond by following t i above.
Them is no reqttirement that the LOP respond
inmeciate y In this case it is only the assertion
of the signal that matters The system never
looks at the ongoing level of that signal
messaging. [02271Because of the
mantel/slave desigraten of Me SPI bus, the
HOP 



can only respond le a [PP message h Cannot
ask a question of the LOP In order to enable
data flOw in both daections the above,
signaling Is  WO 0110,10551:1 implemented
in combination with two types of messaging,
as deserted cc low. (0228)For _PP' riltiated
messages to the HPP, case 1) above may be
employed to send messages to the HOP. Ties
class of messages never requires a response
message from gig HPP. One examfre
message may De the comment, "Process this
ECG" A message [els the HPP to ?Fusel ECG
data elle then Me LPP tenet a series of
messages comaining the EGO data to the
HPP. Another examale may be when To LOP
sends a command to the HPP tellins. it to go
sniff for transmiterc: lEI,A signals.  (0229) For
HPP.iniValed messaging, the messages must
stir originate at the LPP. To accomplish loss
direction of communication, case 2) above s
Used to tell the [PP to queoc the Hop for a
message. Before the HOP asserts zee HOP
arlsOLIOrl signal, it prepares the gassy
Liformation (i.c.. the ILPP-initiated message)
so mat it cantmmediately respond to the I.PP.
The LPP gems s series of messages In get
the query from the HPP. The I PP asks for the
query length, and does so by sending a "query
length' message to the HOP. The LOP then
uses that length to request the LIPPinitialed
message. Because Oa LPP asks for the query
length, the !..PP Crows exacCy how much
data to pull item the HPP. The LPP answers
the HPP's "question" oy sating a query
ressonse message no the HPP. Who the HPF
Imp4emenfed to have only one outstanding
query at a time, it knows to egoect tills
response. (0230)It should also be sainted cut
that forthe above sequence, the CRP a/ways
knows exactly now much data to OWE from
the HPP because it 'clocks" the SPI link.
Furthermore, in this aspect, necause the [PP
always asks the questions and the HPP is
alwayS ready to respond to any quesz:on Ircto
the SP, the PPP is net guaranteed to always
get the 'query length" message from the LPP
when it wants to send a ;per/. [0231)In ore
aspect. error detection anti correction nay be
implemented, 



e . g .. ay using a Fletcher checksum
algorithm. Because a retry is executes upon
egdor detection, fOr any messages that
require an action to be zakcn (such as sill
snife, etc.), Mal. action is not taken until the,
entire case p coons is complete. This is
impordant because the LHP may poled an
error W02(110107slis wnile the HPP saw
correct data. it is the surrtnletion at sass 1)
above that is tho final acknoveedgcment of
camp tote ant correct data transmission.
haocal Position ng System i:CUPS) Module
[02321Recelcers of the invention may Include
a Global Positioning System (CPS) module
CPS modules as used herein are modules bet
receve s gnats eorri he Gicmal Positioning
System at serchites arm determine
geograshical bastion Any corven,ent GPS
module may be employed Receives Co,
Hews, floss (0353)Body-associate medical
devices of hie, est Include both external and
imolantaMe Devices la external aspects, the
receiver is motive, by which is meant bat Are
eves is eresent cufsids of les body during use
V I Thera the receivers ale outmost, they may
at configured is any convenient manner. mere
in certain aspects they are cienhgured to be
automated with a desirable skin location As
such, in certain asoects the ex-ter-nal
receivers are configured to be contacted with
a topical skin location of a subject-
Cour:aniontoilimes: include, but are cot limited
to: peaches, wrist sands, jewelry (such as
watches earrings and             clothing.
accessories e g . oelts and shoes, eyeglasses,
etc in some instances, the teethes are
configured to adhere Jo a skin location, e g ,
by use el suitabie adheshe, suet: as described
beout In some .ns,ances. Me receivers are
coefraured to touch a skin location but not
admen: thereto, torerate where the oevice is
configured as a wilit bend, an item of ,ewesy
;such as a watch. an tarring and a Imageea.
an article ol clothing, an accessary, such as a
belt and a shoe, and a oair of eyegiasses in
ye: 0:eer instances, the receivers may be
configured to be maintained w aunt some
defined dislare of a skir suface, such as within
1 cm, including amain 0 cm 



(0234)In cerlan aspects. the receiver is an
unplantable comtorent By iniplareeble is
meant that the toot iver is designed, i.e.,
configured, for implantation into a subject,
e.g., on a semiteeur,alent or permanent basis
In these ascects, the receiver is in wvo during
LSO. By impiantable is meant that me
receivers are configured to maintain
functionality %len present in a physiological
environment, inolueing a high salt, high
humidity environment round inside of a body,
for two or more days, such as apoui one week
or longer, about four weeks or longer, aboul
six months or longer, about one year or
longer. e.g., about five years or ',ginger. In
certain asoects the implantaslc receivers are
configured to maintain furctiunality when
implanted an a physiological site f Or a period
ranging trom about one to tote eighty years or
longer, such as ham about five to abOut
seventy years or longer, and inzuaing for a
period ranging from about ren to about filly
years or longer. For irriolantacle aspects, rye
receiver may have any convenient shape,
inducting but not limited le, capsuierseeoeg,
diSC-ShSped, etc. The receiver may be
configured lo be pieced in a nurnoer of
different locations, e.g., the abdomen, small el
the back, shoulder (e.g., where implantable
pulse generators are elaced) etc. in certain
implantable aspects, the receiver is a
standalone device, in Thal it is not physically
connecter] to any other Woe of Molariable
device. In yet other aspects, the receiver may
be physically coupled to a second implantable
device, e.g., a device welch serves as a
platform fur or e or more physiological
sensors, where the device may be a lead,
such as a cardiovascuiar lead, where in
certain or those aspects lie cardiovasmaar
lead includes one or more distinct
physiological sensors, e.g., where the [eat is a
multl-sensor ear rtASIW imolantable devices
of interest further include, bet are not limited
to, implaniable pulse generators (e.g. IGnst,
neurostimulator devices, imulantablo loop
recorders, etc. [02351Receivers May inducic a
Cigna! receiver element which serves to
receive the condactively transmitted signal,
such as a signal emitted by an icientitier of an
ingestible event marter. The signal receiver
may include a variety of different types of
signal receiver elements. where the nature 01
the ieceiver element necessarily varies
depending on The nature of the Cigna-
produces by the signal gereration element. In
certain aspects, the signa receiver element
may include one or more electrodes for
detecting signal emitted by the signal
generation &lenient, such as two or more
electrodes three or more electrodes, etc. In
certain ispe's, the receiver  Wet 2oneria s/06
dsvice MI be provided with two Dr Three
electrodes than are dispersed at some
distance ben each other. This alstance snows
the electrodes to detect a bifferential voltage
The distance roay vary, and in certain
aSpeces ranges from 0.1 cry to 1.0 in, such as
0.1 [05 cm, such as 0.5 to 2.5 cm, whore the
distance 1 cm in some instances. (02301An
exancla of an external Ngnal receiver eased of
a receiver of 



interest Is shown In EC' 10. FIG. 10 shows
receiver 1 000 that is configured to be placed
on an external logical iocation of a subject,
such as a chest. area. The receiver Thcludes
an upper heusing pinta IC:to (siren as may be
fabricated from a suitabu, polymenc malaria!),
and Incindes a manualN deoressiale operation
button 1020 and a status identifier LED 1050,
Mich may oe used to relay to an observer that
the receiver is operating. Manually depressible
operation button 1520 nen bc manually
waniplated to transition the receiver frorn a
storage node to R non-storage mode. When
the recefver Th in the storage mooe, a
nicrocontroller of the receiver ens, remain in a
low duty cycle active state at an times :o
process input from The on/of button. and nee
bigitat signal orocessor (DSP) of the receiver
pc:levered off. 1Nhen the onioff button Is
depressed to turn on the receiver. the
micro-car:roller de-bounces the input and
revers the DSP into he idle state. While In
storage made, the device may draw teas than
10 eA, including 5 gA of current or less, each
as 1 nA or less and including 0.1nA or less..
This configuration enables the device to
'emain at greater than 90% usefui gallery life if
stored for one month (assuming the presence
of a 250 mAFI canary]. Such a butter may also
SC employed for olhor lunc1.ns. For example,
.111d1 a outer may be empoyeg no Instruct
tie receNer to obtain certain types oldest. In
addition or aeernatNeiy, such a button may be
ernoloyed to manually instruct the receiver to
eaneher data to another dev cc. [02371FIG.
11 provides an expk..ded view of The receiver
shown in FIG. 'O. As shown in FIG 11,
receiver I000 inClUdO5 upcer housing plate
tots. rechargeable decay 1100, integrated
circuit com,ponen1 1120. and bottom housing
plate 1130. Bottom housing plate 1130 snap
fits into top housing plate 1010 no seal the
battery and integrated circuit components,
2igniossi isPCPL-SnilhlthiNi2s 1100 and '120,
in a floc light housingNil le a Snap-ft
interaction is illustrated, alit, col-nen:ant
matine scheme may be employed. such that
the top and bottom housing pales may in/erect
v.a niter locking grooves, may ye neld
together via en:teals adheslyc may sic welded
together, etc in some instances, the electrical
components may be molded toss the top
and/or bottom housing plates. Also snows is
adhesive patch 1140 which snaps into too
housing Olate "010 and inclJoes coaductivz
studs 1'41 to 1143, which studs seine as
electrode contacM with the sohly Curing
rativer use In the recrvvcr, sthes 1141 to 1143
are in electical contact with imegrated circuit
conocnent 1120, e.g. via wires or other
conductive members associated with the
uOper housing '010. la one instance, 'Japer
housing plate 1010 includes conductive
menters cent igurce to receive studs 1141 to
1143 =pied to wires ;not shown) whlon it turn
oroviCle eloctrca: connection come integrated
circuit component 120 [0238IFla 12 provides
an exp,oded view of adhesive parch 1141
Adhesive oath 1140 includes Loper studs
1141 1142 ar u 1143, as described above
These studs at In electrical contact with al< n
contact studs 1151,1152 and 1153 On the
sinn side surface of skin contact Scads
1151,1152 and 1153 is a conductive hydt'ogt Ii
aye,' 1154 Around each stud i151, 1152 and
1153 are non-conductive hydrogel 1155 and
pressure sensitive adhesive 1156
components, in this portion, any cOwerient
physiologically acceptable adhesive may be
crsoloyec some instances adhesive that
chance their adhesve properties ill iesPensa
no all RPM ed stimulus nrc eMPlOyed
example, adhesives fliat become less
adhesive Loon application of light, e.p , UV
light, or a chemical, may be emoloyed, so that
the adhesive remains strong while ii is desired
for !tie receiver 70 1-2173V1 associate with
the pody bat is readily weakened tc fad-tate
removal of the receiver f Tante body when
desired On the non skis side o' each snln
contact stud :5w layer of ory electrode
material, sucn as AgfAgCl. On the upper
surface of tgs layer of dry eleCtrode material
is a ODIOUs layer. such as a carbon vinyl
:a.yer. Also shown are upper sacking layers
HBO Though not shown, upper studs 1141 to
1143 are in electrical contact through the
packing layers 1180 (for charge urethane and
polyethylene) witn the dry electrode and skin  
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contact studs whicn are positioned beneath
each up net stud.As Illustrated, the studs are
off center with respect to their dry electrode
layer in the direction of the outer edge of the
petal in a manner sufficient to increase dipole
size ctiveon any, fete given studs. In addition,
ntiere desired a conductivity gradient may be
associated with each stud, e.g., ey altering
The pattern of the porous layer 1170 and/or
modif ying the composition of the dry
electrode layer. Of interest in such aspects is
where a conductivity gradient ,ncreascs in
conductivity in the direction of the outer edge
of the patch. [0239]FIGS. 13A to 130 provide
various views of no alternative external patch
configuration 1300 which includes two
electrodes 1310 and 1320 in a flexiale
structure having an adhesive bandage
cordlguration. patch 1300 includes upper
flexiole ower support 1330 and bottom flexible
support 1350 which fit together as shown in
FiG. 13E to enclose an Integrated
circullbattery ecineonent 1360 and electrodes
1310 and 1320 As shown in FIG, ',so, the
bottom surraces cf electrodes 1310 and 7320
are exposed. As shown in FIG. 13E,
electrodes 1310 and 1320 include lead
elements 1375 and 1370 wth provide for
electrical contact bc2iveron the electrodes and
the integrated eircuiebattery component 1360.
Any convenient adhesive component racy be
employed, such as those described above.
[0240]FOS 14A to 148 provide block diagrams
of example hardware conf.gurations that may
be present in a receiver as shown in FIGS I
3A to 13E. However, it should be understood
that the example hardware configuraiions are
not limited to the aspects shown in FIGS. '3A
10 138. [02411 FIG. WA DrOVO23 a black
diagram 01 an example hardware
contigwation that may be included in a
naceiser such as receiver 1300, according to
one aspect of the invention. As shown,
hardware system WOO includes first and
second electrodes 1310 and 1320 electrically
coupled te analog ASiC 1410. AS1C 1410
may include, for exam*, the analog front end
of naraware system 1400 (e-g-, the high
lrecueller Signal chain, low frequency signal
chain. etc.). Just as the analog front end may
be implemented in an ASIG, customized Iodic
may repiace the OSP.  Dig ,a: ASIC 1420 is
shown electrical), coupled to arming ASIC,
1410 and 



performs the ciattal s gnal conditioning and
processing. Accelerometer 1430, sum as a le
ee-mis Betels: ometer. is shown electriCally
coupied to digital ASIC 1420In pre aspect,
acceerometer 1430 16 electrically coupled to
analog asic 1410.It is also understood that a
digital aesclommerer may he imp:emented
Microprodessor 1440 is shown electrically
coupled to oioltal ASIC 1410 and flash
memo:5 1450 Furthermore. midrogrocessor
1440 is shown electrically coupled Lo radio
1460, such as a wireless transceiver.
[0242)HG. 1413 provides a block diagram of
another example hardware configui mien that
may be included in a recelcar skch as receiver
1300. according to one asPecl Cl to invention
Within hardware syslem 3190. electrodes
1310 and 1320 are shown e ectecally coupled
to opzional ,ow noise amplifier (WA) 1461
Anaiog AS IC 1462 is shown eecrecale
COJDieCI to WA 14E1 and may include! Mr
example tile analog tient end ot hardware
sptern 1490 Digital ASIC 1463 is shelve
elactiica.1:y cormiee to analog ASIC 1462 sad
performs the digital signal condition:rig and
processing in OM asoect ASIC 1463 a1so
inelhdes microprocessing and 1464, which
may bo any convenient micrapiocessing unit
such as the CORTEX-MP, rnioroorocessing
um by ARM. Accalnrcmeler 1430 it electrically
coupled to ara-og ASK,' 1452 out CS noted
earlier, may be implementec to be electrically
coupled to the digital ASIC 1453 as well as a
digital accelerome.er. Electric:41y coupled to
digital ASIC 1463 is radio 1460. [0243)FIG '40
provides a clock diagram al yet another
e%Einnie hardware configuration than may de
included in a receiver sine as receiver 1300,
acceding to one aspect of the invenion Within
hardware system 1480, a single sysem on
clap 150C) 1470 replaces Lim Iwo ASICe in
ria 14A and MB. For Instance. SOC 1473
woud reolacc ASICs 14'0 and 1420 shown in
FIG. 14A. or ASICs 1402 and 1463 shown in
FIG MB en which case optional WA '460 is not
snow) In this case, radio 1450 is electecely
coupled to SOG 1470  
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[111244]FIG 140 otovIdes a block diagram ofi
yet ano(ner example leariorvare configuration
that may be included in a receiver, such as
receiver 1300, according to one aspect :A the
invention Within hardware system 1499,
national LNA 140lie "One nary coupled to
electrodes 1310 and 4320 See 1492 is shown
electrically coupled to an optional SPA 1461,
accelerometer 1430. tenperature sense' 1494
and radio 1498 (e g . a sere:ess
commence:ion rioo.Jle including a transceiver)
SOC 1412 includes processor 1492. electrode
in 1484, analog front end 1456     g ansgody
eotwarceve commutation module and
physiologica, sensing 'nodules), and sofNiale
defined radio 1488. Furthermore, a
(ernpetature Sensor 1496 may also be
included in single ASIC 1470 andror radio
1499 (sensor' flat s'ican). (0245] Vaere &seed
one or mole oamoonerts 01 ale receiver may
be covered with a confotmal, vc10,-fres
searng layer, e.g as described in United
Slates Application Serial etc 12,296,654, the
disclosure 31 which applica4on is herein
incorporated by reference The conformal,
void-free sealing layer may = cnaracterized so
e Ihin trot" coating in (her Its thickness is such
that it does not suostentially Increase the tots:
volume of the sti uctute wins which It is
assoctaled, where any increase in volume of
the cevice :nes can be attributed to the layer is
about 10% or less, such as about 5% or less,
including about 1% or less by voiumc
According to aspects of the invention, a
conformal. sod tree sealing layer has a
thickness in a range from 0.1 to 10.0 ars, such
as in a range from 0.3 to 3.0 um, and Inducing
in a taloa atom 1 to 2.0 utn thick. Accord rig to
asoects of Inc o(esent invention, a conformal,
void-free sewing 'ayer rnay oe applik usirp a
glanar ereoess(ng orotecoe erg slaura
enhanced chemical-yasor deposition,
phvsic.al'vspor deposition sp..ittei Inc,
evaporntion, cathooig arc Ceoositior (see e.g..
United States A0pliCatiOr Serial No
12/305.894, the disclosure of which applcation
is herein incorporated by referenCe),
low-Dressve cnemicS-va,00r deposition. and
other such processes. When present,
confotmal, void free sealing !eyes may
comprise a variety et deferent materials In one
aspects the layer computes silicon ca-Nde to
.flate a highly corrosion resistant seal
Altetative:y, the layer may include si!iCOn
dioxide carnal, oxides, carbon  lath cameral
latheruscoraw68123 cmynitridos. motels.node
metals and alloys thereof, such as prannum,
medium, iridium, and alioys thereof, metal
acids nitrides, e.g., silicon nitrides, carbon
nitrides, aluminum nitrides, titanium nitride,
tungsten carbide or other carbides. The layer
may be a single layer or made up 21 multiple
layers of the same material or different
materials When multiple materials are
employed, the coefficients of thermal
expansion may also be calcuimed are:
designed so that they do riot advelely affect
the receiver component vvith wild: they are
associated.  In sorfts   c conformal, void-tree
sealing layer covers at least a portion al the
outer surface, it not hoe entire outer surface,
of the receiver. Ir ouch instances, ar electrical
connentiOnls) may De present in the sealing
layer to provide ler electrical communication
between oemoonclis inside of the receiver and
the onto mat environment of the receiver
Active Agent. Calvary 



[0246]Receivers of the reeltiOn may include
an acltre agent delivery component The active
agent delivery component, when present, may
vary, in smith mmances, the actrec agent
celicery component may cc die Sect
component of the receiver, where the
component may ,nclude a source of an atrtre
agent composition The active agent
conthositian may vary and include one or
more active agents in combination with a
carrier composition, where the carrier
composition may be a liquid ore odd
composition arid may we configured to provide
for a antic:flee rethase delivery profile, as
desired Active agcrt delivery componems of
interest include. our are not limited to: solid
delivery formats, Such as patch and plaster
delmeny formats, and fluid introduction
fontrats, tact as iontopnoretic formats and
-formats that employ a micro:medic
carnoorent, as described in greater dotal strew
For ire:pentacle fece:vefs, any convenient
arrive agent delivery format may he employed
Examp es of active agent delver/ throats of
:Merest include, bat are not limited le. Incse
described 11 11;897.93' the disclosure of
which is 'meth incorporated by relewntre
Cepencling on the particular format, the
delivery consonant may irclude a device
component that provkles for  delivery ol an
amount of the active agent composition Loin
the source to the patient. The device cot
iponent may vary widely. where examples et
device components include selective
membranes, pumps, electric field sources,
mloreneedles, etc. In certain instances, the
active agent delivery coreponenl may be
irilegca;ed with another component or the
receiver. For example, where recelvers
inelude an adhesive component the adhesive
pamposition of the adhesive component may
include one or more active agents, as desired,
where the adhesive composition may be
lormulated to provide for any desi,ed active
agent delivery [ref le. Where
'eluded, he receiver may be contigursd to
deliver the active agent in accordance with a
predetermined cooing schedule, in response a
received doslng signal. in response to one or
more detected plysiologica Parameters ltor
exaelple where the device IS coptigured as a
closed-loop active agent delive.ry device), etc.
Microneedle [0247]Receivers of the invenl;or
may include a reicroneedle component. which
mictneedle component may be cm-Mowed
1ev analyte detect on snorer active agent
delivery, for exanole as described In greater
detail below. M croreedle components of
inteiest are configured for transfer of biological
fluid from a physiological source to another
location (for example external ose) in a
ri,nimally invasive. painless,. and convenient
manner. he rnicroneedle components may bc
contiorep to pemwt in vivo sons ng oi
withdrawal al biological ttaido from the body.
such as Wom or through the akin, with
minima; or no damage, pain, or irritation to the
tissue  [0248] Microneedle corpoonents may
inciude one o, irve mieuereedles twhere
multiple rnicroneedies may be configured in
any convenient format, such se in a
Ihree<imensional array). a suesti ate to which
the one or mom microneedles we connected,
a flu S charmer andwr a taylor In
communication witi the one or more
mioroneedles [0249]The 111,oneedles may be
configured to function zither as a esrdua, 



a sensing olement, or a combination thereof
Concur mien-noodles can nave a p0-one or
hollow shall As used herein, the term "porous"
means having oto/es or voids throughout an
least a portion of the iniponeedle  WO
2,110,07511 strucppe, sulkier-My large and
sunciontly intemennecteo no permit passage
of fluid anchor sorO materials through the
rnloconeedle aced herein, the term 'horow"
means having one or more suostantiarly
annular sores of channels through the interior
of the roproneedle sirup:pre, which nave a
diameter sufficiently large to :rennin passage
of Paid snorer solid mute.ials thret.gh 7,00
micreneacle Ins annular bones may extend
throughout all or a polon or the reed's In the
direonon of nine nip to :he base. extending
parallel to the direction of the needle or
branching or exiling at a side of Erie needle,
as appicpiiaroA solid or porous merprecdte
can do hollowWricre desired one or more o'
tine mici needles may ce coated nit solid,
porous, or holm) andror at least parally filled (if
porous or hollow) with a sensing or
eiflusion-modifying material [0250)The
microneodlcs can be constructed from a
varety of motel Eris, 



including metals, ceramics sermconductors
cpganlps polymers, and comicosnes Gonst
uction materials of Wrenn' include, but aie not
limited cc pharmaceErical grade stainless
steel, gold. Marian, nickel, iron, on, chromium,
copper, palladium, platinum, alloys at these or
ether metals. silicon, slicer, dioxide, and
polymers. Biodcgiadabie polymers of interest
lno)udc, act ore not hrertdo TO: polymers of
lvdroxy colds sucF as lactic acid and g ycolic
acid oolylacz de, nolyglycollde,
poylactidepdo-gEcOide, and copolymers win)
PEG polyanhydrides noly(ofthEresters,
Polyurethanes. poly,Lutyric acid), oPlEvaeric
ads). and polyEactide-cccaprplactenc) Non
biodogradaolc polymers of inteiest include but
are not limited to: prnycarbonate.
colyrnernacry)ic add, elnylenevIryl acetate,
nolytetrallootethylene, and polyesters
[02511The microneedles can as configured
verh shafts that hate a circular cross-secion
inn Ins penpendicular, or the cress-soction
can pc non circular For example, plc
cioss-section al the micioneedle cal be
polygonal (sr.ch as GWAShaned, square.
triangular). oolong, or another dine Tie Shan
can have one or more bores Toe
cross-sectional dimensions may vary, and in
soma instances lenge becween 1 pm and 530
pm sum as between ID rm end 'OD ram The
outer and Inner  diameters may also gay, with
the outer diameter ranging in same instate as
between 10 trn-. and IOU [dm, and the !tines-
diameter ranging in some instances gebmeen
3 pm age 80 pre The length of the
micioneedles may also vary, ranging in some
instances between rt) gm and I mai, such as
between )05 gm aid 550 gin, and including
es/goon ISO ars and 300 pm [0252]The
substrate at ten device can be constructed
from a vane)), of mat:mites. fncludirg metals,
ceramics, semicenductots, cremes, polymers
and composites The substrate includes the
base to which the inicroneedles are attached
or .ntegralty termed Where destred, the
substrate of the microneedle component can
be Integrated wilt another Component Of the
receiver structwe [0253]A feed chamoer
reonfigdreo as a fluid collection coarnocr or an
active agent detect) andtor sensor can be
atachad to the suesrem or farmed (for
example. as part of the substrate) to
communicate directly with the base of the
micron eedles. 02s41The Ilutd chamber, when
present may be selectively in connection 



with the mIcroneecle Wes or pores, sect) that
a biological fluid can flow from the tissue
sumeending the microneedle, through :ha
micrencedle and into the fluid chamber or an
active agent comacsitton can flow from the
chamber through the mtcroneedies and into
the subject Where desired, the fluid ahemeer
is attached lo. or Integrated irto, Ilie substrate.
The fluid chamber can be suostentaily rigid or
readily deforms-le. Tna fluid ohne, can be
forme trors one or more ealymeis, metals
celestes. seri condLetter, or cornbtnatters
thereat, In one aspect, tee flea( Chaniber
contains a pangs or absorbent maierla/ such
as a sponge, gel, DI paper or palm:vie aria
The fluid Clianlber may include a fluid active
agent composition. which insiudes one Of
more active agents in combination with a
carrier fomulation As such. the fled charter
can initially be empty or can contains gas or
one or more reagents in any town 1,steci as,
itquid or said particles) or active agent(s) eta
as desired [0255]Where desired. the
Mcroneeole component may include one or
more sensors The sensors can be located in
the microncedle or body of  the device (ter
examole in use ield chamber) The Sensors
can be in or afraeled M One Of rnore
microneedles, integrated into die substrafo. or
within or in communication with the turd
caamber. Sensors of interest intidde sensors
of maser, temperature chemicals. pH, and/or
electromagnetic fields demo.' of Vera'st
include those sOnfipured to detect the
presence of a chemical anahle in a UclOgical
fluid sairele, whore araertcs of intoned e
initiate, but are not limited lo. :flood sugar
(glucose), cholesterol. oLtitubiEr. crsafinc.
various me: abeIic enzymes hemoglooln
noparin, hodefom ream, K or other clotting
'actors. uric add. carcirioerreyonic antigen or
otter tumor antigens, various reproductive
hormones such as :hose associated with
oveation or pregnancy, drugs of souse and/or
metabolites thereof. bwod -alcohol
concentration, etc In certain aspects.
subsea:ices or frogerges tor whin Ise receiver
is configured to sweet include lactate
(Irnportaot le athletes), oxygen, od, econol,
tobacco netaoolites: and illegal drugs
amoonant for both medical diagoCSIS and iaw
entoicerrent) Sensors, when prosent may on
in communication with a microncedle teaser
fanctrat module, whet may include software
and,or hardware components and present
solely in the microneedle corponent tad/or
integrated. at least to sores extent. into other
Loads of the receiver. Secedes [02561In
certain aspects fee recevers are oart of a
body-assoarated system or network of
devices, such as sensors, signal receivers.
ard optionally other devices, which may be
internal and/or extornal. which provide a
varety of deferent types of infofrnat on than is
ultimately col ected and processed by a
processor soon as an external piocessor.
which then can pi [Nide conteelual data about
a living subject, such as a patient, as o itput
For example, Me receiver ray us a niefroer Di
ari ,n-body network of devices which can
provide an outpui that induces data about IEM
ingestion, one or more physiological sonsod
earameters. Implantable device operation etc
to an external collector of Ile bats. The
exlernal  W112110,075135 



collector. o.g . in the form of a health care
network server. etc. of the data then combines
:his receiver provider: pate with additional
relevant data acorn the patient, e g . weight
weather. Medical record data etc., and May
oreCess this disparate data le provide highly
spesiirc and eontextua ;Sall.:111 specific cam
f025Y1Systems el the invention
inciude.certain aspects a signal receiver
aspect of a receiver and one or more 1.EMs
15Ws of interest induce those described in
POT application serial co
PCPUS2006:016370 past-shed a
Wa2006,116Y18; POT aopication serial no
PCLUS2007/C82563 ehtYished as
010,200a1052136: POT application aerial no
PO OUS2007/024225 ouoiished at
W3120081063626' POT apatcabon serial ICI
POINS2007/022257 polished as too:0;
2000/066617; PCT application =nal no
P0TrUS2008/05280.5 puolished as
WC.201)8/0g5 2,; POT acolfcation seliai
P0IUJS2008/0539.g9 published as
W0,2008/101107; POT application serial no
FOUTIJS2008/056256 published as
W012008112577; POT application aerial rro.
PCTIUS200870562g9 published as
W0,200E/112578; and POT acplisatior serial
no. PCOUS20081077753 oublEsaed as WO
200g/0428 1s: tho disolostries ol which
applications are hereto incorporated by
reference (9258]In certain aspects the
systems include an external device yob& is
distinct from the receiver (onion may de
imolanted or :opically applied in certain
aspects), where this external device provides
a number or furctisralities Such an external
device can include the capacity to err:nine
teeoback and a:bpi:nor ate clirical reguialion to
the patient Such a device can tire any of a
number of for Fos For example, the device
can oe configuied to sur. on the bed next to
the patient, e.g.. a bedside monitor arier
formals include, but are not hm led to, PDAs
smart phones, home corn eaters. etc.
r.0259]An example of a system of the
invention Is snown in FIG 15A In FIG. '5A
SySIO111 1500 includes a pharmaceutical
composition 15:0 Pa: compdses an EM. Also
present in sysiem 1500 o signal recover 1520.
such as the signal receive illusuated in FIGS
to to 12 Signal receiver '520 it conf grime to
detect a signal eroled from the igeotifier of the
IEM  WO 20 Mardi ISPCIYES2009 1'310.
Sigma! receiver 1520 also includes
physiologic sensing capability, such as FOG
and movement sens'ng caoabdity. Signal
cece<vett 1520 is configured to transmit data
to a patient's an external device or PDA 1530
(such as a smart phone or ether wireless
communication enabler device}, which m turn
transmits Me data to a server 1540. Sever
1540 may be cm-Psis:el as desired, e.g., to
provide for patient cirected permisstons. For
example, server 1540 may be configured to
allow a family caregiver 1550 to participate in
the parsers therapeutic regimen e s, via an
interface such as a wee interface) that allows
the lanai y caregiver 1550 to monitor slat and
trends generated by the server 1540, and
provide support bark to the patent, as
indicated ay arrow 1560. The server 1540 may
also Is Configured to provide responses
directly to the patient, e.g.! in the <emu of
patient alerts, pall-tint incentives, etc., as
Indicated by arrow 15E5' which are relayed is
Ilse patient via FDA 1530. Server 1540 may
also interact with a heath care professional
(e.g., A13, physician) 1555, which car use
data processing a goritints is ootain measures
of patent heath and compliance, e.g., wellness
index summaries, ale4s, cress-salient
benchmarks. etc., and provide informed
crnicat communication and supped hack to the
patient, as indicated by arrow 1580. 



[02601Another example of the sys<ers slide
present invention is shows in Fig 153 FIG. 153
ceps= a system teat me LAOS a sOrge
15107, a recover 15105, a greforreter t51' 0, a
wireless communication unit 15115.
communication links rt 51508-E, and a dosage
manager 15160. The system generally
provides intelligent mesnanisms tel controlling
Os delivery: of a dosage ay the syringe 15107
lc .g.. suboutaneOUS needle insertion or luer
currection with an inlrx Venous access
device,. This contr., may include. tot example,
detecting that the syringe 15107 is proximate
to the patient, measuring the amount of the
dose administer.= by the syrlricre 55107,
communicating the measurement inform:ton to
other devices, such as de receiver 15105, the
giucometer 151 I D the wireless devices
15115 angler the dosage manage< 15160. aid
providing thedltece information to one or more
of those devices. In some implemertatIons,
the feedback information may orevenl the
administration  wr, ecionrcii of the dosage to
the patient 'sing, for examine, an intettock at
the syringe t 010710 prevent giving tne
dosage. The syringe 15107 may, basee on the
feedback, output a visual indication le.g., a
light emitting diode itLED)) or an aural signal
to indicate that the dosage is rot to be
administered to the pat ens. For example, the
interlock mechanism. TED, and/or sound at
the syringe itt07 may signal that tile patient is
receiving the wrong type of meditator,
receiving the dosage at the wrong time, and:or
receiving the wrong amount of medication.
[02613In some implemoniations. the syringe
tn, 07 may be configured in an interlock mode
as a default state to prevent the administration
of a dosage until the dosage manager 15160
amides feedback information to unlock the
syringe 15107 to allow the administration of
the agent or medcation. [02621Moreover, the
syringe 15107 may, in some embodiments,
include a measurement mecharisnh to oroylde
measurement information representative of
the amount of the dosage. When that is the
case. The measurement information may
backed by the dosage manager 160 along
with other patient informal/on, such as blood
oressure, glucose level, heart rate, ingestibie
event marker (tEM) data, etc., to control when,
annor bow much ol, a dosage is provided to
the patient. Furthermore, the syringe 15107
may activate the menu emenl mechanism
(which provides the measured information)
when the syringe 15107 is proximate to ;e.g.,
enters or it close to) the .oatient's body, at
wnich time the measurement information and
other information, such as an Identifier
associated wii the syringe 15107, a patient
identifier, etc, are carried by a signal to other
devices, such as the receiver 15105, the
giucometer 15-10, and/cc the wireless device r
ol 1 b, tor cormitirtination to the dosage
manager 15160. Moreover, those other
devices may monitor the time when the
dosage is administered by the syringe 15107.
As such, the dosage manager 15160 may
receive a precise time v.then the tosage is
administered rather than rely on user-provided
dosage administration limes. As such, the
sysitim may be usYd is evaluate a soedlit fluid
transfer event between a =enteral fluid
delively device, such as syringe 15107. and a
patient  



(0263)'n some asoects of systems of the
invention, a receiver of the invention That
includes t: muqueurpose connector is
operatively coupled to citner a patient or
another Leyte via the multi purpose connector
As eviel,ved above. other devices that the
receiver may ee operatively coupied to
inc:ude, out are not !imited to. an external
charger devce, an external pp:warming
device, an outetnal data processing device,
etc. In some nstances, the system may
include the receiver operpfively coupled no a
patient either di,ecfly or to an external
piaxonal end of a parent-associated device,
such as an implanted medical deVce
102KWnere the receiver :s ooeratively
couoted to en external deuice. it may to
directly coirectec to the external device or
connected to the externai device tnrougn one
or more distinct connector deviees, such as
cables, cote or analogous structure An
enarnoie Of an external OeviCe IS an ecernal
programming device The programming device
may be =Mowed to change the seLungs of
thr.: receiver. For orarolc, the programming
device may change the operating settings of
rho mceiver, for example the parameters for
signal measuietent on the patient, frequency
Of meaSurement, duration 01 meaSixemelt,
electrOdes to use for measurement, etc The
orograrnming device may also change the
operatng mode of the receiver The
orograliniing device may Ldsc be able to send
data to the receiver, such as rnedical tcords or
other act about the caVent Tne puogramm og
toy cc may neon y (Joyce suaaale for this
purpose Progrefamipg devices of :Merest
induce, but are not limited to, a comcuter with
a built-in or peripheral monitor (such as may
be found in a bedside monitor or a health
Infortualion sysiem), a personal digital
assistant (PDA), a smart phone, a messaging
device, or other h.andhelo devfoe. etc
[0265]SYSIOMS it,' the invent:On may alas
:n0:ude an external data processor
conftguireo to receive data from the receiver.
The external date orocessor may resolve the
electrical signal data cirectly frorn the
ruccivter, cr via a :-.1a7a relay device such as
a device that receives data fuein the
body-associated signal receiver and tier
to-wards the :tuceved data no an
exura-corpoieai data pi Passel) The euleinal
data Crocessor may be configured to receive
the data via any convenient wired or wifeless
protocol, as desired. Soma external data
processers It interest may recede data from
the receiver by connecting to the
rrulfi-OurpOSe connemor. External data
processors Of interest are those that can
receive the Scuts; signet data and process ;he
data to produce useful int srmalion "ho
cxremal data processor may also simply store
the data tor Laser processing or viewing I he
yocessed en may be output to a user by cry
convenient medum. suen as wiling the data on
paper, displaying the processes data to a user
via a gtaohical user imerface, apd [he like The
data may be arranged in any ascail form, such
as a graph, tads of signal SKtarnal data
processors of Vie syslemsot the invention may
take a variety ot colt Igu;ations such as a
computer with a bull-in or peripheral monitor
;for examele as embodied in a bedside
monitor or a nealth infoination system), a
persona- digital assistan: ;FDA), a smart one,
a mossaging device, ale [0255]Systems of tne
invertion enable a dynamic feedback and
treatment loop of tracking medication timing
and levers, :measuring the resPonse to
therapy, and recommending aSe'ed dosing
based an the physiology and Ine;ecmar Miles
of individual petipr ts For oxampe, a
symptomatic hear: lailure potion! raves rviape
drugs daily, piirraiiy with Me goal of rogueing
the heetse worcload and improving patient
cual.ty of life Mainstays of therapy inc'ude
angicensin converting enzyme (ACE)
inhibitors, p-blockers and dial sties For
pharmaceutical therapy to be effective, it is
vital that patients adhere -.D their prescribed
regnor, taking the required dose at the
aporpor.ato rate. MAIOIC studios in the
c0nical literature darnanstrare that ma:0 than
50m, on Class 0 and IC hear failure patients
are not receiving gthdeline-recommerdeo
tierapy, and, of those who are :trate
aoproprialely, only 40-60% adhere to the
regimen. V,/ith the subject systems, heart Is
lure ashen Is can be monitnd for satiel
adhererre to theracy. and adhererre
per-forma= can do irked to key physiologic
maasuremeats, to fasi0tate the ootimizati0r or
therapy sY ohystoians 



[0267]In Certa.n aspeC-3. the Systems of the
invention may oe cap eyed to stair an
aggregate of inlorrraLion ihat ircludes sensor
data and  adroinistmocn data For example,
one can comoThe the rear, rate. rho
resThation rate, multi-axis accelthation data,
someming stout the 11711d status, and
something about terneeraturc. and derive
indices that will inform about the total actithy
of the subject That can he used to generate a
physiological index. such as an activity index
For instance, wnen tore is a rise In
temperature, heart raze goes up a bit, and
'aspiration speeds up, million may oe
employed as an indication that the person is
being active By saturating Nis, the amount of
calories the pemon Is bulling at that irstanf
could he deteimined anttieer eisampie. a
particular rhttttttrio set ist pulses or multi-axis
acceleragon data can disate theta person is
walking up a set of stairs, and from that one
can infer how much energy hey are using In
another ascot!, body fat measurement (e.g
tram impedance data; 00111d on combined
with an activity index generated from
combination of measured oicatathers to
generate a physiological index userd for
management of a weight lass or
cathiavascular health mogram This
information can be combined with cardiac
eerformiance Indicators to get a good picture
01 oveigli CeS1111, 144110e can be
compined mg" pharranopuricai therapy
adimlnistration data n another aspect, We
might rind for example That a particular
pharmaceutical correlates with a smell
Increase In body temperature, or a change in
the electrocardiogram One ciao develop a
chanmacedynaisio model for the metabousna
of The drug and use the information from the
receiver to essential:), fit the free parameters
in hat model to give much more accurate
estimation at the lovers actually oresert in the
serum of the sudied.. Ittis ir formation Dead be
'ad beck to dosing regimens. In another
asoect one car combine information from a
senor Nat measures Merino comiathicos le .g.
vath strain gauge) air that else monitom trial
hear rate, for use as a highoisk pregnancy
monitor. /.0268]In certain aspect, tie subject
specific information that is collected using the
systems of the invention may be transmitted to
a location vthere P is compired with data from
one or more adothonal Inclviduais to provide a
collection of data which a a coMposite of data
collected from L1NO or more e.g., five or
more, ten or rime twenty five or gore, fifty or
more, one hundred or more, ore Thousand or
more, etc., individuais The composite  data
can thee he manipulated, e.g., categorized
according to different criteria. and made
available to one or more different types of
groups, e.g., patent groups, dean care
practitioner groups, etc., where the
manipulation of data may be such as to limit
the access of any given group to the typo of
data that group can across. For example, data
can at collected from a beaten different
individuals that are suffering from the same
condition arm takIng the same meCiicaticn.
The data can be Processed and empoyed to
develop easy to follow bisolays regarding
oalizof cornekance with a pharrnaceutisal
dosage regimen and general 1nealth. Patient
members el the group tan access anis
infonealion and see how their compliance
matches with other patient members of the
group, and whether they ate enjoy1ng the
benefits that Others axe experiencing. in yet
another aspect, doctors can also on granted
access to a manipulation of the cempoete
data to sec how tbeir petents are matching at
with patients al other doctors, and obtain
useful informanon on how real patients
respond to a given therapeutic treatment
regimen. Additional functieraMies can be
movibed to the groups given access to the
composite data, wham such furictionantiss
may include, but are not limited to: ability to
annotate data. chat iunctionalities, secant/
privileges, etc. [02611 The receivers may cc
oart or the systems descr1bed In POT
Application Serial No. PUT/0508:86046; PGT
Aopllcation Serial No. FGT/US20071024225
published as WO 2008M95183; ROT
Application Serial No. PCMUS2007/024225
cub11stted as WO 20081063626 and POT
Application Sari at No. L1820051016370
pub1ished as WO 20116416718; the
disclosures of which are herein incorporated
by reference. [02701In accordance with
another aspeCt t the preset, averzon, the 



receivers may be implemented in various
wars, including an implantable device, a
mairnolantabC device, such as a
suocutaneous devk:e, and an a:dr:6141y
aepliet or positioned device, such es a
personal signal receiver and each may ee
used or conjunction Mtn a dosage deliver
system. Examples of receiver confpumtions of
interest mclude, out are not limited lc, those
described in PCT Apolicanoe Serial No.
PCIVUS08195048 published as WO
20094:70773; PCT Appl1cation Serial No.
PCT/US2007f 055545 published as WO 2068;
095183; POT  WO 2010?11751 IC Application
Sepal No PCT/US20071024225 published as
WO 200B/060620 alp POT Application Sprat
US2006/016370 puolished cx W 0
2006/116718: the disclosures of vuhror are
heielr Incorporated by reference. One
example of a personal signal receiver for ate
with dosage delivery systems is a 'catch"
receiver removably affixed tote sips or apparel
of a user. Other implementations ,nclude a
wiistband or en IV access device in some
implemertations, the receivers nay be
implererted as a personal health signal
receiver associated with :he body, e g ,
Aicated inside, or widin close promniiy to a
body, configures it receive and decode a
signal from an in viva mansmkter located
inside the aptly. [0271]The receivers in
cocci-dance with the teaching of the pt-seem
invention may also be configured to receive
information from oilier sources as well, such
as intelligani event marker OEM) dam. When
that is the case, the receiver lob may detect
data assocraked mth an IENA even:, such as
the aonmstmken of medication including a
Indio frequency identifier-like marker, wocess
and forward the data to another deMce, such
as gLicometer 110 andlor %%diMess device
115, for 'Lather processing arid forwarding to
dosage manager 160 [0272]M cekain aspects
the system further includes an element for
storing ova, i.e. a cata stoi age eminent. The
data storage element may be a mdmputei
feadalde medium The :mit icompuler leadable
medium" caused hmeir role, s to any physical
stmage or transm:ssion median'- lhai
participates itt provicing instrucli011s anther
data to a computer tar execution annimi
process rig examples oti six:rage media
include floppy disks, magnetic tape CD ROM,
a. hale disk drive. a ROM or integrate cirost, a
inagneto-opiica disk, or a computer readable
card such as a PCMCIA card aid the like,
whether or not such devices are internal or
exLe'nei to the comokier. A file conladkno
kiformaiion may be 'stored" or comaaler
readapt() medium, whore 'storing' means
recoidng infoimatior such that In Is accessible
and retrievable at a atm date by a compute,'
With .espeol to computer readable media,
'permanent memory" refeiS to memory that is
permanent Peimanera memory is not erased
by lenniration of the electrical supply to a
computer or processor. Computer  herd-drive
ROM (I e PPM nor used as viiIvel memorya
CO-nom. (lopes OM and PVC are all
examples of oermanert memory. Raman
Access Memory (PAM) is an exmole o' Ion pet
anent mornery. A fie in aermanerg memory
may be cdnable and re wtabis 



[02731192 invention also provides computer
executable instructions (i e . picxyarerVng) for
performing the above methods11 e combats'
executable ice-motions are resent on a
physioal daarlUlltn, readable medium
Accordingly, ale invenlior provides a computer
readable 177177051m containing
programming f(2 use In oetecVng and
mot:ass:no a signal genettec by a compositon
o' the invention, e.g.. as reviewed sects
[02741 As reviewed aoove. in certain este= of
intercom rho romver irtudes a semiconductor
Mpport comment Any of a variety el dilfe!ent
protocols may be en-pg./es in manufacturing
the receiver structures and empanel's thereof.
For example, molding, oeposilien aro material
!emoval, e g , gaper processit leenniques,
such as Micro-Electra Mechanical Systems
[MBAS) falricatior techaques Including surface
micromachining and bulk mig machining
techniques, may be enclosed Deposition
techniques that may be employed in certain
aspects of laoricatng the structures include,
but en not lOgied to, eleouomatino, cathodic
at deoosition, olasma sonar, sputtering. boarn
evaporation paysical vapor deposition,
chemical vapor deposition, plasma enhances
chemical vapor opposition etc. Material
removal techniques included, out are not
limred to: tactive on excling, arisotropic
chemical etching. isotropic chemical etching
planalaalion e.g., via chemical reCilarliCal
polishing, lase' ablation, electronic dischaTe
machining (ED[A), etc Also o' interest are
.ithographi protocols Of interest in eel tan
ascects is the use of penar processing
plot:acme, in which stuctures are built up
ancgor removed trom a suilace or sugaces
clan in.:jelly Oyler suostra:e a sing a varely of
Orielset material removal and deposition
prolocos applied io the substrate in a
sequential mianner. ,Ilastrative Islyication
adadhOdS of imerast are described In greater
detail is copending 227 aporcation serial no.
PCT/US20021 016370' the doloshre of which
is herein incorporated by mg:ranee  WO HI
0/075110CO intre200945ai2t [0275]In certain
asoems, off-the-shelf com[a-lents may he
employed to fabricate the receivers or
comporents leered.example. en oil-the- shell
insommertation srtet'.tier tor the Mimi arm may
be employed, eq.. in bare die form Cumorn
logic, either in an ITGA or in ari ASIC, that
handles the demodulator, me memory. the
treirroprereesor :functions, are all the interface
terraces may he used The transmitter may
seat oft-theshalt oho, e g . In Inc re iced
COMMUnICatiOn band, which is approved for
medical imelants The clock may De a
stand-alone clock, or the device-may have a
microprocessor that Las a clock butt in 



[0276]Aspects of Me rovormor farther induce
methods of uslrg receivers In mothscs of
receivers, a receiver receives an input signal
in some manner, where the Input signal may
vary Examples of input signals include, but are
not 'limited to: transeedy conductively
received signals Much as may be received
from an IEM or smart Dal enteral device),
signals stained by device sensors, mice as
physiological parameter and/or owl =mental
signals. etc Various aspects of toe nvention
further induce the device acting in some
wanner in response to teceving the malt
signal, ego relaying a signal to a second
device, delivering an active agent to a subject
with which the device is associated etc
[1)2771in some methods ot invention as an
optional step, a signal is ti rst conductively
transmitted Irani at In vivo Transmitter, such
as an IEM, The transmitted signal is then
received as the receiver, where it may be
stored to a mernsfy, retansmitted to another
receiver, output to a neer, either directly or via
a third device, e g extema: 1E35, etc. In the
methods of the subject invention in whet, the
in vivo Farb-shier is an IEM, the IEM a
administered as desired, via ingestion
[02781The sdoject methods find use in the
Treatment of a venom of different eolifil.-011S,
mci uding disease condition aepications Toe
specific disease conditions treatable by one
the subjact compositions are as vaned as the
tyoes at active agents that can be present in
the subject compositions Thus disease
condticns include, out are not limited Lity
Cardiovascular diseases. cellular prolTe alive
Diseases, such as neoplast c d.seases,
auloiminune diseases, hemmer Si abnormaity
diseases,  WO Au ,worst 55zoo infectious
diseases, pain management neurological
diseases, eug , epilepsy and the like (02791By
treatment is meant at toast an amel'oration at
the symptoms 



associated with the disease condition aMicting
the subject, where arreLiarator, is used ins
creed sense in refer test ;oast a reduction in
the magnitude of a paAmeter, eg symptom.
assotrated with the gathcAugica' condition
being treated As soon, treatment aao includes
situations whet the pathological condition, or
at least symptoms associated therewith, arc
completely inhibited, e.g. prevented from
hapoen'ng, or stooped, e g terminated such
that the subject no longer suffers tram the
pathoyogbal condition. or at least the
symotorns that charaOteitre the pathOlOgbal
condition Accordingly, 'treating' or 'treatment'
of a disease includes e-evoming the disease
from occurring in an animal that may 02
predisposed Is the disease out aces not yet
exper erica or exhibit symptoms of the disease
(prophylactic treatment), Inhibiting the disease
(slowing or arresting its development), p
Oviding relict froin the symptoms or side-etas
of the d.sease Unciuding palliative treatment).
ard relieving the disease (causing regression
oh the disease) [02801A yarety of subjects are
treatable according to the pi esent methods
Genei ally sucl subjects ale "nammeds" or
"manilraian,' where these 'arms aye used
broadly to describe organisms which are MINI,
the date mammalia including tie orders
carnivore (e q . dogs and cats), rodent a 10.g ,
mice, guinea p gS. ana rats) and a imates
;e.g.. humans, chimpanzees and monkeys)
representakve aspects, the stibjects mi It be
humans. [02811In Certain aspects, the
Subie01 methods, at deScrioed above, are
methods of managing a d.sease condition, ,
over an extend= period of time, such as one
week or longer, one month or lenge-, sin
months or longer, one year or longer, two
years or longer, live yeas or longer, etc The
subject methods nay be empoyed in
conjunction with one or move additional
disease Management protocols, e.g..
electroslimulatron based prubcols in
card,ovascular &tease managernenk sac h as
pacing arolocols, cardiac resynehrolization
oro:oce:s etc; lifestyle such a diet and/or
oxtrciso :egimons tor a variety at (Mt ent
disease conditions: etc.  woccouri511.5I2(ios
[0282]in certain aspects, the methods include
moduloting a thanapeutic regimen eased data
obtained from the compositions For example,
data may se detained which dic.uees
information about patient corridiance with a
proscribed therapeutic ie.-often This data, with
or without additional physiological data, e.g.,
obtained using one or more Sr:N:0M, such as
the scram devices described agove, may be
employed, e.g. with appropriate decision tools
as desired, to make determinations of whether
a given treatment regimen should 88i
maintained or modified in same way, e.g.! by
modification cf a medication regimen and/on
implarn activity regimen As sum, methods of
invention include motheds in which a
rnerapeutic regimen is modified based an
signals cbtaided horn Inc composition(s)
[0203] in ceican aspects, also provided are
methods of determining the hi story of a
compose op of the invention, where the
composition includes an act Va agent, an
ideatiliet element and a pharmaceutically
acceptable canier. In certain aspects where
rho identifier emits a signal in response to an
interrogation, the identifier is interrogate e g ,
ny a ward or other suitable interrogation
device, to obtain a signal The obtained s gnat
is then employed to determine hisrorical
information about the composition a g source
chain of custody, etc. In certain aspects, this
determining Step (nay include accessing a
daLasase or analogous compilation of stored
his:cry 'or the composition. 



[0284]Receivers or the invention find use in a
valety cf different applications medical aspects
of the resent invention p ovidc the clinic,an an
important new tool in their therapaille
armarnenterium automatic detection and
identification of pharmaceutical agents
actually delivered into the body. The
applications of this now information device
and System are mdllicfol0 Applications
Include, but de not limited lc. Ill monitoring
patient compliance with prescribed therapeutic
regimens; tiel tailoring therapeutic regimens
based on patient compiiancd: (2) monitoring
patient ocmolance in clinical trials; i4)
monitoring usage or controlled substances;
and the Ike. Each of those different illuslcatIve
applications is reviewed in greater detail below
In POT Appiication Sedai No
POT(USD0/85048; POT Application berai No
PCTIUS2027(024225 published art hOG
2008(095183: PCT Application Serial Ito.
PCT/UO2007'024225 puclished  as WO
2008106362e and OCT Aright:aeon Serial Na
LlS20061016370 p tclished as WO 20069 i67
'8; the disclosures on which are herein Poo
:so ated by reference [0285]Receivers of
in:eres: also find use in conjuricuondelivery of
themseuce fluids to a subject Of interest is the
5S0 of the receivers in conjunction with smart
parents' al delivery devices, such as desh
Toed In OCT apoilcation serial no.
PCPUS2007/015547 published as WO
20091008281 the disclosure of which is ne4rt
incorporated by reference. When used in
conjunction with such Wu delivery devises
t.such se 5 smart patina:rat device), the
resolver may he configured 1c receive data
regarding the actual amounts of Therapeutic
fluid that has been adronistered. The receiver
may be con'igured It Combine this particular
data Nall other relevant data, such as analyie
tcttisrc dale physologiaal data, etc., where
these acdrional ryacs of data may Ste
obtained with the receiver or another type. of
!es), such as a dedicated home use analyte
lestiag revise etc Furthermore the receiver
may be configured so take one or rscre
actions based on she received infortranon,
insvudirig but not limited to: relay data to a
second device, man* a therapeutic regimen,
etc peelAlso cf interest are applications in
which the receivers are not used to receive a
signal from an IEM or smart oarenteral
delivery systern One such spaation of interest
in which receivers of tne invention fed use is in
ea' colic seizure detection Such devices
include an eplepse sazwe detection module
which meddle is configured to employ one or
more Spas of received dote to determine
whether the sub,ect is about to oi Is stifterng
from as epileptic seleure Accordingly, in these
SlOpliCations. one or more types ol
physiolorecal data are Detained en the
receiver and processed to determine whether
:he subject is bait is or is suV'srirg from an
epileptic seizure. In orncr wets The receiver
employs obtained poysiologica, dare to make
a seizure prediction or detect a sezuve exui
relic& Physiological data Oat may be Cbtainec
aid used is loose coolea:ions inciude
elecircencephalcgraphic ;EESi data,
acce.eromener data, heart rate (ECG) data,
etc. A single type of dais may be patersc or
two or more direrare :ypea of date may oe
obtained end processed To  make a
delorounalior as to wbother a subject is eosin
or is metering from an epileptic seizure in
some instances, data obtained by the receiver
may be cornoired eith data hens other sources
and processed to make the CeterrnihafOn
Data May OClude, for example, a divine:Live
Cigna lure on e aceelmornetm or head oche
variability. Sensor beta may be integrated
from the EEG, miner as pan of the system or
as an anallary input, as desired With mulipe
data streams one can detect tholing the set of
everts that lead up ho a seizure In such
instances, medical therapy may be adjusted
based or :pave state, as ffesired
Nourcesoculaeon devices znay be adapted to
these needs - measuring EEG or actors:rag
theraoy. 



[02B1 Tho receivn.r may be configured to
lease the determination using any convenient
protocol One or more aigOrehmS may be
employed which use the ootained
phyPoo,Mcal data to make a determination as
to macther a seizure is about to occur or is
assuring Examples of such algorithms induce,
bat are not iim, led to' algmithms to, anamated
seizure warning (ASWAsMf or exampe as
descr bed In published United States Patent
Nc 20070210766): algor'thims for detecting
chirp like time-frequoncy variations in an EEG
signal (for example as described in Ser. et al
'Analysis of Seizure EEG in kindled esileptic
Ws," Gornoutalional and MathernaticnI
VIclhods in Medicine, Volume 6 Issue 4
Deoeirber 2007 , pages 225 - 234' et:
102361In sich aporoabons, oreillotion or
deteCcien of an epileptic seizure may resutt in
a nunfber ci aoda:anal actrons In tom.:
instances, the receiver may be configured to
produce and omit an alert signal rue alert
signal may or may nal he detect:cote is the
suoject For example, the alert signal may take
the `curs of an audible or visual signal which
can be detested by the Sub!ecf The alert
signs, fray also be a signal that is sent to a
hea,,h care profession or the, person. e.g.,
veawiretost oorn-nunication poloacl. The ei.ea
signal may be employed in a number ot
different ways. e.g.. to alert a health care
prolesslon 70 povee assistance to the subject,
to instigate or modify a therapeutic regimen,
etc. (0289)In some instances, the receiver is
configured as a "closed loop' epileptic therapy
device, where the receiver includes an on i
eolic herapeutic esmoonent, such as a
pharmacological or electrical  therapotric
component In these Instances, the predictor or
detection or the epileptic seizure may be
empoyed by the receive, to instigate epileptic
therapy ijor examge by delivery of 811 active
agent and/or CICSIOCO stimulation or by
directing another device to Ink one Or TWO
Or son actions). Ai:emotively, an existing
epileptic therapy protocol may be modified
based on the piedicseg or detected seizure,
e.g. in terms of dosage, duration. etc
[0290TPeceive:s of the itivention also hod uso
in :racking applications in which one or MOM
persons g papents. soldiers. etc are monitored
over a given period of time Receivers
employed ir these aspects play indude a
number of a different physiological and/or
eryi:onmertal sensing modias. such as the
acceferometer and ECG sensing mode es
cescriood above. in order to monkor health
status on a subject over IOW TOS date may
be eomninec with positional data. e.g as
proviced by a GPS module, in tosser to track a
StOje01 with respect to location as a function
of LIMC. 10291] Ore specific type of tracking
application of inteies: is the track ng ononnel,
e.g., Rork oersonnel in an active ormloyment
selling 31.1011 as tnilitary sersonnel in a
sattlelield setting, tire and iescue personnel in
elite  soiling, hoa:th rare oefsarnel in a
hospital, etc In Such appkadons. reoeivers of
the invention Ir-ay include functional moddes
`or determining certain physiological states
Rinich are common n the setong of merest For
example functional moduies for determining.
certain physiological stales which are common
oat:le-field conditions may cc esent
EXCP11)129 of such functional modules
include Re accelei meter and ECG functional
modules descr bee. above as linese parteuar
func:onal modules proyice useful data
regarding nob lily and vital activity. When one
or mot of crkfcal :irks are reached in or more
physiological states of intetst (for exa:oplo tnc
soldier is no longer mobile elicitor vital sign
activity is no longer adequate), the receiver
slay be configured to send a warning signal to
a leader/medic unit, :hereby indicating that a
soldier s in need of !immolate care. For
example, f temperature sensors al the receive,
indicate cold yoca_hor and that the soldier's
holy tempera:tire has begun to fall below a
specified minimum ieceiver may atoonsaticaliy
signal the leader/medic tirit and a command
unit tnat the soldier is likey suffering  



from hypothearia The leader or medic Goering
tine leader/medic unit or a person com Ming
the central control unit nay Than notify other
soldiers or mecical personnel in the area that
the soldier should be :reeled ton the condition
as soon Sc possible. Siniarly, a wounded
solder can op monilored for symptoms and
severity of injury or shook ensuing from load
[0292]In these aopliCatiOnS each receiver
may be oustomLed to the particular wearer.
Thbs, a given receiver may contain
information about the individual such as
allergies to tecicarions and other modes:
informmon which mule be maortant to med.eal
oemonnel treating tine indiodual. Addfflonally.
the receinet may keep a shot: physiological
history, such as the body temperature, head
ale, body oosbons, blood cressure. oxygen
saturation and ITIOnCirnt for the last lour
hours or sore other time period.The
,Mormation can on forwardec to a fled
eederbredic unit or Ire con:maim: bid: upon
requestThis can be aornolished either by the
emote communisations system of the receiver,
or by a direct link up betweur the receiver and
Ihe leadeumedic unit when a medic laving a
laadorimodic unit, a:rives no treat the user
[0293] in these moor:cations The receiver or
leaderrnedlc :mit could Irelude
softwmedirmware for providing guldanee and
medba: decision Supper. Additionally, a
mIcrogrocesscr oisocsed temin, or in the
receiver, could be orogra mimed to control mid
infusion, drug delivery, and ventilator support
eon Inc sa:;ent. theresy enabling efficacious
Tealment oven hnder battlolield partitions the
receiver may communicate via a variety of
ptdefeenined ache-men, e p., wan the
badeMmedic grit or co:smand unit ethe:
continuously or in brie: ourws so as to prevent
enemy combat rorceo from gawking .fie
communica:,ons Lo locale the solder. Tho
burms may occur periodically on sch,edulo or
as indicated by the badeumedie control unit or
command unit. [0294]In tress applications the
leader/medic unit may be a portable devioe
worn by .redias and other leaders is allow
each ID monitor those los whom they are
responsible The eaderimadio unit may contain
a communidations system lor communicadng
with the ieccivers and Inc command units,
and/er may contain a display which alms the
user to  



graphically monitor the locations of personnel
on the battlefield, and/or to view Ire
yhysio:ogical conditions ol each soldier within
tne command structure for that leader. The
leader/medic uni,, may receive Information as
to the location cii ;he injured soldier, and may
receive medical information Mule Um: medic
in rclocayng to the sac of :no soidier. When
used by a medic, this unit etch/es the filediC
ID area vita, signs any other roimation about
nine injured solder prior to actua la examining
the soldier. Thus, the medic it able to conduct
an initial e'a.aation of the injured soldiei 'AO
Nile in aansii .0 Ile SaidiffrO location
Additionally, because the receiver. aso
communicates adi,:h thy command unit.
med:cal yemonnyl at a centia commanc cos:
can instruct the medic on diagnosis and
treatment options as the medic is en route to
the casualty. By continualiy monitoring the
'ocation and status of the soldiers, significant
decreases in casually rates can be achieved
Additionally, the technology used ir :he
present invention can Oe modified sightly to
maintain nigh I.=Nee 01 Care in ca, tan
medical aoplazaions while significantly
decreasing tine costs [02951While the aocve
description has been provided M tears of
hacking military personnel, the receivers may
be employed :n iracking any type of
personnel, particular in an active work teeing
in which to pei sonnet are located al a
stauenary yosition for extol-idea ceded= ot
time [02961Non-personnel tracking
applications are aso arcades P,eoelvers may
he employed In hospital setands fOr patient
trecung and management. Rather than
requiring nurses to track down pa[ieras to take
their atal signs, aie receivers may cc
employed by nurses or other health care
oraerfloners to determine e DSfin' location, as
well as their vital signs If the irtyilmation
received :OldICOrfed a proolem the boation of
the patient cord be readily determined Thus, a
smear number ol tosses could be used while
orovidinp a higher level of taro [02971Also
provided are kits for prancing the subject
methods. Kits may include one or more
receivers of the invemon, as dessiibed stove
in add don, the his nay Include one or more
dosage compositions, e.g., in She form of iEki
compositions The dosage amoum of the one
or more oharrecological agents orovided in a
Kit may be suffbent for a single application or
for multiple applications Accordingly, in certain
aspects of  the sub:ect its a single dosage
amount of a phar macrgogaral agart is present
and in Certain other aspects multiple dosaga
amounts of a pharmacological agent may be
present in a kit In those aspects having
rruiticle dotage amounts of pharmacological
agent, such may be packaged in a smote
container. e.g., a single tuba, nettle, v a . and
ihe Ara crone Cr more dosage amounts may
be ineividualy packaged such that certain rim
may have more than one container or a
pearmacceogica. agent  [02981 In pagan
aspects the kim day also include an antennas
monitor device, o.g., as described above,
cinch may provide for coconcuriicration are a
remote location, e g , a COctOds office, a
central raci!ity etc which ootaris and
processes data obtained abou: the usage of
the aomposton 



[02991 The subject kits may also inc:ude
instuetions for new to practice the sub:ee:
monads using the comporrets of the kit The
instructions may be recorced or a suitable
recording median' or substrate. For asset pie,
the instruCtiOrS may be pra-neo on a
substrate, such as caper or plastic, ale As
such, the insaucLions may be present in the
kits as a package nson, in the labeling at top
contemn.' of the kit or oomponents thereof ;Le
, associated whn the ,ckag.reg or
Sin-packaging; etc. In other aspects the
Enstructions are present at an electronic
storage data We resent an a suitabie
computer reaceb,e enrage medmm, e.g. CD
ROM. askant-a, etc In yet other aspects, the
actual instr ucrices ace not present ir the kg
our means for obtaining the instructions fr om
a remote source, e.g. via the raternet, are
crorneled An example of this aspect is a kit
that includes amen Redress mare tne
instructions can be viewed are(); horn ,ehich
the Instructions cal be downloaded. As with
the insc [rations, this mean f0v 00taitgno the
irstkictiors is recorded an a suitabo substrate
WOO] Song or all comacnents of the subjecc
kits may Oe oackaged in suitable packaging to
ma.nrain sterility. In many aspects of the
subject Ice', the components elate kit are
packaged in a kit containment element to
make a dngle, easily handled me: where the
Ice Corttair rent element e.g., box or
analogous structure, may or may not ea an
airtight container, e g , lo further preserve the
sterility DI some oral' of the components of the
kit  [0301]It is to be understood that this
invention ie not limited to particular aspects
described. as each may nary,is also Lc cc
undersEcod that [he terminology used here n
is lot the curoose 01 describing p arsicLear
asoecs only, and is not intended to be
braining, since the scope oh the present
invention 9,W1 be limited only by the
apoended claims Where a range of values Is
orovided it is understood that each intei
valuing value, to the tenth of the unit of the
:owe, limit unless line context clearly detains
otherwise. between Um upper and lower limit
at that range ate any other stated or
intervening volne in that stated range Is
encompassed within tile invention The upper
and lower limits of these smaller rangeS may
independently as included in the smaller
ranges and an also encuricassed wi,hin the
invent on, E;LIDj0.0 to any specifically
on:zinced    t ir the slated range Mere the
stated range includes ore or cells of the
1.11117S, sloes excluclrg either or both of
those ncluded limits are also included in the
.nvention Unless defined otherwise, all
technical and scientific 'Letts used herein have
the same meaning as commonly understood
cy ore of ordinary skill in the art to which ths
invention beicings A,Ineugn any metheas and
mateeals sim.ilar or equivalent to Iriose
describe herein can a'so Or used in the
practice or testing of the present invention,
reoresemative Nustralive :nethods and
materais are now described All publications
and patents cted in Otis specification are
herein incorporated by Verence as if each
individual publication or parent were spectcaly
and individually ineicated to be incorooi ated
by reference and are Incorporated herein by
reference to disclose and describe the
methods and/or materials in connection with
which she 9=i:cations are cited The dtat'on at
any publication is for its disclosure prior to the
ling dare and should not no construed as an
admission that the piesont invention is not
entitied to antedate such publication by virtue
of orior Invention. Further, the sates of
publication crowded may ce dnerent from the
actual Dub:tat:On 'ales which may need to be
I ndecendently conf inned [03021It is noted
thou, as used nerein and in the seconded
C'ETT13, the smgular 'ours 'a", "an", and "the"
include plural referents unless the context
yearly dictates otherwise. It Isthe, noted that
tie claims may 



be drafted to exclude any optional element At
such, this statement is intendw to serve as
antecedent basis br use of such exclusive
towinology sdey. ' and the like in connection
with the mci teflon or claim tTements, or use
of a tegalver limitation. As will cc apoaienl It
those of skill in the art upon reading this
disclosure, each of the individual aspects
described and 'Unwed herem has d.screte
components and features which may be
rcadi'y separated frorn or combined with hie
features or any or the other several aspen
wencut departing from -.ne scope or spiril of
We presw invention Any !Gelled -netod can be
cailued out in the order of events reeked or in
any other order which is logica in
posSible.P.SnOugh the fel-gaping invention
has been described in some entail by way at
Mustralion and example for purposes of daily
of undei standing is readily apparent to those
of ordinary skill In the art In lignt of the
teachings of this invention that certain
changes and modifications may be made
hereto without ceoartno trent the Writ or scow
of rrie appended claims. Accoidincly, the
preceding Merely illustrates the pinciplas of
the invention it elill he nopeciated that inose
sae:, in the an yri,1 be We Co devise sasons
agangemests sneh, althChiph nos explicitly
described or ShOwn herein. embody the
principles or the innenlier and are induced
Whin its spirit and scope. Furthermore, all
examples and condrtional ianguage recites
herein are purieipalg itttettdcei to aid the
reader in understanding the snincietet of Ina
invention and the concepts contdbuned by the
inventors to furthering the ad. and are to be
construed as being without lin-itation to such
soecilically recited examples and conditions,
Moreover, sit sta:ements herein reciting
principles, aspects, and aspects of the
inyenuon as well as specific examples thereof,
are intended to encompass both structural and
'functional equivalents thereof. Additionally, if
is intended that such eehiValenzs ine'ude both
current./ known eguiva,ents and ecuivelents
developed in The future, i e , any elements
developed that parlors the same function,
regardiess of structure. The scope of the
or-agent inverter. therefore, is not intended to
at Wires to We exemp.ary aspects SIOWn
and chowlbed herein anther, the scooe and
spirit of present invention is embodied by the
appended claims  Wtrav 12 01 01i.470 is:  1.
A physiological communication receiver that
can ho removietly ta cured to a subject's shin,
the receiver aomprising, a housing; a power
source secured within the housing; a
processing unit electrically coupled to the
power source and secured within the housing;
and at leas: two electrodes electrical), coupled
to the processing unii and secured to the
perimeter of the flouting such that rita
electrodes will contact the sub.ecfs skin
tieskin, wdereln the processing trd: detects
and gathers informadon in the Form of high
frequency current dew through ihe electrodes
arid wherein the high frequeney current flow :s
associated with a device associated wan the
siriaiect 



2. The receiver of claim 1, wherein the
crocessing Unit detects and gathers
chysiological information in the form of low
Irequency current flew through the electrodes
and wherein the low frequency information is
associated 'with the subject's physiology.
3The receiver of claim 2, further comprising a
communication module electrical:), coupled to
rho processing unit, whdrein rho
communication rredvls allows tor wIreiess
communication between the receiver and a
cevice external to the subject such :Oat the
receiver can clavicle the physiological
informadon to the device external to the
suoject 4.He receiver o' or.im. 3 wherein the
cowman cation rioatle uses deguency hopping
soreaa spectrum communication oral:v.41
5The receiver of claim 2. further comprising a
comminication module electically coupied to
the processing unit, ache rein the
communication module allows for wireless
cammJnication between the receiver and a
device Werra: to the subject such that the
receiver can Orovide control information :o the
device  



extol-nth to the body and soherein the control
ink:imam-in is derived from the high
-3equency current hformatior provided by the
device associated ea' the subject 6.The
receivzr of claim 5, wherein the device
external to the subjecl is a control unit
associated mite a phasmasecticaC delivery
system that includes a pharmaceutical product
and can alter the deliver/ dosage of a
pharmaceutical OroduSi. 7The receiver of
claim 6. wherein the pbarmareut.cal delivery
system COMpriseS a 11,ild containment unt
having a chamber COnfigured IC COntasn a
luid and a eLnger secured to the fluid
containment unit, wherein Ile 'Anger is
controlled sy the control urn based on the
central information providad oy the receiver.
B. The receiver of claim 7, -wherein ihe tIud
co, intravonaus bag contaidng the fluid. 



C. The receiver of siairri 1 Thither comoriSing
a power management module eieclricaly
coupled lo faa power source and the
processing unit such that the cower
managemem module controls the power
outpui from the power soured to the
processing unit and wherein the power
managennert module monitors the
surrounding environment to determine it ago
frequency current flow .s present and wherein
the oomr management modu e sv,,tchea the
processing unh from an inactive slate to an
aetsie state if the high fregscncy current flow
is detected. 10The receker o' ca-m 9. wherein
the cower management modale comprises: a
high power operation module that conno.s
high power cutein from the power supply TO
the processing unit when the processing tin':
is in an active state; an intemiediate cower
operation MOdcle that Controls intermediate
sewer output Iron the power supp.y ice toe
processing unit while the processing unit is in
an QCIIVC non operation stale: and  a lower
power otter-anon module the controls low
power output nom me cower export and
monitors the subtecf s skin for the high
frequency current flow while the accessing
unit is in an Inactive state nn.The receiver on
claim 10, wherein mc power roanagerlierd
module includes a cocoon module 'or sending
a signal to one informs:lief pewor operanon
module to allow the processing unit to switch
to the aothp non-operation 12The receiver of
Pim 11, whei Rin the Leacon module
corner:see 



a CO4riler: a beacon signet generator coupled
to the counter for generating a plurality of
beacon signals: and a memory unit coupled to
the beacon signal gorernnnr, wherein tFc
memory unit stores an aloonthin that the
Deacon Penal generator uses to dotorminc
Inn km lapse between each Of the piuratny Of
beaottn Signets, whewin the newer
management modpe ire:ports the beacon
modnie to detet mine if f he deacon module
Ilan generated at leant one beacon signal of
the plurality at beacon signals. oThe receiver
of claim. 1. further comprising: a connector
raring anti- coupled to tie processing unit and
the power and a multi purpose connector
electrically coupled to the conremer routing
unit, pperein the connector routing unit
conecOs a/conicalcontraption paths between
a device external to the project and ohyspally
connected to the receiver and the power
source as well as the processing unit 4The
receive, of clams 13, wherein the elecisica
signal from the (ley ce externs to the SUb,eCt
comes from an external power snooty that
cnarges lee DOWer sante 



15A resolver for detection of ohysiological
information associated with a suojeal, tie
recpiver comprising: a power source secured
withir a hose, ng:  a cower management
module electrically coupled to the power
source and secured within the housing such
that the DOWer management module controls
the power source; a processing unit
electrically counted to the power management
module and secure., witlin the housing,
wherein the processing unit detects and
gathers the information in the form o;' high
frequency curcent flow produced by a device
Internal to the subject and low frequency
current How associated with the suisjecfs
physiology; and a communication module
DIDctricalty coupled no the processing unit
and secured within the housing. wherein the
commutation module aUows or
communicapon oelpyeen the receiver and a
:levee catered lo the subject such that the
receiver is able to provide the phypioiogica;
Information to the external device and to
provide control information to 



another external device posed on the
onysiclogical information. ISThe receiver of
claim 15, further comorsIng a delivery
apparatus secured within the housing, wherein
the delivery ancaralus includes' a containment
ash that Induces: chamber to contain a fluid; a
plunger secured to the hamper; end a
miomneedla secured :o the cllarniser and
capable o' piercing the suoject s skin; and a
control unit which is electrically coupled to the
processing unP, that commit the plotter based
on dosage contra ,nformation provided by the
rpocessing unit, wherein the control unit
moves the plunger to expel the title through
the microneedie. I?.The receiver or claim 15,
wherein the power management module
comprises: 



a Won power operation unit that conirms high
power output from the power supoly to the
processing unit when the processing j nil is in
an active - state;  an intermediate power
operation unit !hal conttois Intermediate power
outwit from the power supply Co the
processing unit white the orocassng unil in an
active nontoaeration state: and a lower pow&
operation unit that controls low Dower wry:
from the power supply and monitOiS the
subject's skin for the high frequency current
How while the pmeessing unit is in an inactive
slate to.The receiver at claim 17, wherein Ile
cower management module includes a
beacon module 1 or sending a signal to the
interMediate uower operation unit to allow the
processing unit to svatol to the active
norfteperagen state such than the orocessing
unit is capable of determining if inform-anion
in tee Fern, trite frequency ounet flew is
present and wherein the power management
nodule supplies high power to the processing
unit if the processing detects Mfonnation n the
foam of hug It ueatency outran,. flew. 19A
receiver for detecting and collecting data
ercodec in raiment now in a conducting fluid
contained within a subject, the receiver
comprising: a 1-cusMa a power source
secured to the housing; 



ar operation uat sesaed to me housing for
analyzing the data trarsrassion, the operation
unit compriang: at least ore sensor for
delactier of anent flew; a high frequency
module Icr detecting data in the form of high
treqdency current flow from a mace internal to
the subject; and a ow frequency module to-
detecting data in the form of low 'frequency
current bow associated with physioiogical
parameters of the subject; a power
managemer.t module secured to the housing
ard electrically coupled to the power sourze
and the operation Lint, wherein the power
management riloCulc controls the power
suoplied to the crderat on unt from Me morel'
source and wheret the power management
module monitors the surrounding
envoonmenri to determine V data
transmission is ore:tent and wherein the
power management module switches The
operation unit from an inactive state lc an
active state if data transmission is present;
and 



a multipurpose connection unit secured to the
hosing tor controlling electrical connection
oetveen a device external to the sabject that is
physically connected to the receive:, the
muftiourpose connection unit compriSig.
connector routing unit coupled to the operation
ant and the power source; and a
multi-purpose connector eiectricaly coupled to
he connector routing unit. 20The raceiver of
clam 19 %claret,' the power management
module comprises. a high newer operation
module for allowing high power sdpply to ,he
operation unit when toe operaion wot is in an
active state: a intermediate Dower operation
inocUle for allowing power surocCy to the
operation unit while the operation unit is in an
active non-onefation state; and a Iowa' power
operation module tor month:Eng f or the data
transmission in the current flow white the
operatior unit is in an mactive state 21.An 'ono
emission comrndnication receiver for detecting
data thansmission 



using ionic ermss.ons through a conducting
litho, the receiver com,prising: a housing
InciudIng an outer case; a power source
secured within the noising; and an oseralion
unit secured within the house such that the
operation unit receives power from the oewor
source and wherein the operation unit corn!)
ises: at leas; one elect ode secured to Ins
outer case cite 'lousing etc capable of corning
into contact with the conducting fluid; a
processing 1,011 elect-belly nupled lo the at
least one electrode; and a memory unht
eleetncally counted to the processing unit,
wherein the at least one electiocle detects the
ionic emission corcrrencated and wherein the
data is encoded in the ionic emission and
ttansn'ttod  through the conducting fluid using
a oomroffed dieedutitn of a matedat into
solution. 22.A receive, for detecting and
collecting data transmitted in the form of 



current flow trough a conducting fluid
contained within a medium, the !scefrec
comprising: a housing; a power source
secured ,o the Pouting; an operation unit
spouted to the hosing for analyzing the data
gansmission, the operation unit ogn,pdalngl at
least one sensor for detection of the anent
flow: e high frequency module for detecting
high fregUencfr trananion data; a low
frequency mooule for detecting low frequency
fransrrission data; and a power management
module secured to the housing and electrically
coupled to the !cower source and the
operation unit, wierein the power management
module oonfrois the newer supelied to Me
operation unit from the power source and
wherein the power management module
comprises: a high power operation module for
allowing high power suppiy to the operation
unit when the operation unit is in an active
state; 



a intermediate power operation module lot
allowing power supply to the operation unit
white the operation unit Is in an active
non-operation state: and    a teeter power
operation mgeule far inc.:taring for the data
transmission in the cogent flow while the
operation unit is in an inactive state, wherein
the power manegement module monitors the
surrognoing environment to determine if the
gala transmission in the current flow is present
and wnerein one power management module
switches the operalicn unit from an inactive
state to an active stale if the data tiansrgesion
in the current hew in present.
'm02010/075(15  23. The receiver of :Maim
22, wherein the cower Management module
rebunes the power simply to tae operation unit
if data transmission in the current flow is-nor.
detected such that the operation unit rep rot to
an inactive state.  24. T le receiver of maim 22
fuller oomprising a transmission module
elemricala couple, to tie power management
medule and the opera:ion unit, wherein the
transmission modde communicates
information associated with anzlysa c8 the
data transmission in the current flow. 25The
receiver of clefts 22 frnIter comprising a
wireless euriumneauar module codpleo to the
newer management module and secured to
the housing wherein the wireless
common:calico rnOdale provides input and
Output communication for the receiver using
frequency hopping spread spectra')
communication protocol 26The receiver of
slam 25 further comprising, an external
programming 



neaice capable of pernmuricatir g through the
wireless eommuncallor module, wherein the
otogrammirg device alters the programming
information stored hi the memory 'Slit cf the
beacon unit 27The receiver of dam 22 further
comprising an eccelemnneter Secured to the
housing nor detecting changes in orientation
of the receiver and for generating an
orientation signet in reSDOnSe to the change
in orientation. wherein the pawer manager-lett
moduie monitors the accelerometer to
determme Ira change in orientation has
!ensured and the tower management module
alters tile state of the receiver Ir response to
the demon on change in orientation. 28An
ionic emission communication receiver for
detecting data rnansmissjon using onic
emissions through a conducYng faid, the
receiver comprising: a rousing; a power
source secured tea-0111e novena: and an
operation unit secured within the house
SLIC71 that the operation unit TOCCiVE'S
sewer from the power source and whMar the
operation hint COMprises:  WO 2010/0751 /5
at least one electrode; 



a processing unit electricaly coupled lo the at
!east one electrode; and a memory unit
electrically couped to the processing unit.
wherein tie at least one electrode detects !ha
ionic emission communcaled and wherein We
data is encoded in the ionic ernesion and
transmitted ihrough the conducting fluid using
a controlled dissvuton of a motorist into
solution. 29The ionic receiver or clam 28
(urther corprisgig a power management
module securec within the lousing and
electrically coupled to the DW1.02r sour= and
the operation unit. ydherein the power
Management module controls the cower
supplied to the operaPon unit from the power
source and wherein the powor management
module comprises:    a high power operation
module for agew.ng high power supply to the
operation urll when the operation unit to in an
act/a state;       illernedaze Power Poeten
module for allowing power supoly to the
operarion uet yrple the operation unit is in an
active rgyn-operation state; and     a lower
power ooeragon module fo' monitogng toe the
data transmission in the current flow while Me
operation unit is n an inactive Blaze. 30The
receiver of claim 29 further comprising a
transmission module electrically coupled no
the power tanagement module and the
operation unit, wherein the transmission
module ceinmunicateS intormaoton
assogYaled with analysis of the onic orriss on
and wherein The transmission module
comprses a w.reiess communication module
tor providing wse'ess input and outout
communication for the ionic receiver. 31llee
Ionic receiver of claim 30 further comp Is i ng
an aeceieometer 



secured to the housing for deteogng changes
in orientation of the ionic receiver and for
genera:no an orientation signal in response to
the chance ioarientadon, wherein the power
management module monitors the
accelerometer no determine  if a change ,n
donation has occurred and the power
management MOMWO alters the state of the
Ionic receiver in response to Me &get:Lion
change in orientation. .T2.The ionic receiver of
claim 28 further oonpr,sing a protective
membrane or the housing to pavent the
conducting fluid tram anteing the sousing.
33The ionic receiver according to claim 28
wimman Me operation mit includes: an ECG
sensor module: an Moeda:toe measurement
la1701:10 a global position system module tor
Wscking the brat& DI a living subject; end 



maroneedle caroled to a OCIVD1), coned
module that houses an active agent, wheels
the delivery control mina uses the
rniaroneedle to deliver an active agent to The
living supiem 34.The ionic receiver according
to claim 33, Ataf BM the operation unit
includes an epileptic seizure detection
mgduie. 




















