WO 2011/ 094608PCT/ US2011/ 023017 Two- Wi st Data
Gat hering System Cross-Reference to Related Application 5 This application
cl ai nms prwonpniyopwssuant to 35 U.S.C. 119 to United Stacearsapploezvati on
serial nunmber 61/300,435 filed February 1, 2010, and entitled "Two-wi st
dat a-gat hering systenmt. The foregoing is incorporated by reference in its
entirety. Introduction 10 | Twbosvi@DaRdSiyhckiag Kiosh whet her a patient has
taken his or her nedication. The assignee of the present invention has
given much attention in recent years to ways of detecting ingestion of

medi catdr@RRPdt&lre @aSRAAbd Applithticigh great effort, the assignee of the
present 1nvention 15 has devised systens involving pills each containing a
device with conmuni cati on neans, e.g., conductive comruni cati on neans,

etc.;5 amng a.lppmhefﬁ agmﬁ ph@ﬁ@ﬂpw%aﬁ% @% @ §pﬁbctb Iﬁlﬂ@(ﬁ s@ds hpikhnskidsl of a
patl ent, so when one’ of p | s reaches the st omach gastrl c acids

actlvamémbﬁéﬂﬁﬁpﬁééﬁkﬁﬁ@hﬂﬁﬁﬁnﬁﬂpcﬁﬂééﬂﬁﬁﬁﬂﬁweﬁ®“§ﬂ@ﬁé@ﬁﬁ@SY*ﬁé .pdbeh picks
up thefggé&r &1&% Ak qe%ﬁ:§”gq&%ﬁ&£§g the ingestion of the pill. The
pat ch can”then pa along this event to other equipnment and systens. 20 For
exanpl e the patch may use a Bluetooth protocol to send news of the event to
a nobi | hone, which in turn can pass the event to other equipnent. A
typic Iﬁx£ﬁ& | ocation is the abdonen. While the assignee of the present
|nvéht|on has had good results in its systens that use a patch in 25 this
way, t nes |nc be unconfortable. It needs
to be qﬁfe%fmgl §<P?em erazWﬁ%e ?E 1sm1werg¥ch that flexes. It is not
easy to provide nuch of a man- nachlne interface ("MM") on a patch | ocat ed
at the _abdonen. boar ds and | ays are not .very workabl e i are on
2 ol and e R RSN h SR Bt AR R B T DSk e power
S 0 urce ,mgfeytpinfba InleMicatidnatlicBray piolk. elneﬁgtr g)@dfl effbi€,ahe Beikbhee(d@ticerésofit ig@ANGNI ence
i ence Xe will use thﬁ teL "cell" to refer both to nulticel
batﬂ r inBsIYREd PYstegis Ay oL g figgach spnsaigiag f ARges Wit PAMYIGHIPR e S8 ce i fe,

def i nedohducti@ @@nRAkdatitymeHe, Sapag idwivafy 4 Beiwekichand pbtyha e@RanG¥kidudget
of the patch. Wen the battery is run down, the patch nee to be taken out

of ser Wi &8atisht sathas Whearwp ol 1ha Pill ronsleg dhe orpsh papptrie eigs %Célmt? 8w deviRg s can
al so b&HihC@MRIM @R a current signature. The patch picks up the current signature, thus detecting

the ingestion of the pill. The patch can then pass along this event to other equipment and systems.
20  For example the patch may use a Bluetooth protocol to send news of the event to a mobile
telephone, which in turn can pass the event to other equipment. A typical patch location is the

abdomen.

While the assignee of the present invention has had good results in its systems that use a patch in
25 this way, the patch is sometimes inconvenient. It may be uncomfortable. It needs to be able to be

flexible, since it adheres to skin that flexes. It is not easy to provide much of a man-machine

interface (“MMI”) on a patch located at the abdomen. Keyboards and displays are not very

workable if they are on a planar surface adhered to the abdomen.

30 An abdominal patch has a power source, typically a battery or electrochemical cell (here for
convenience of reference we will use the term “cell” to refer both to multicell batteries and to single
cells). The cell has only a limited service life, defined in large part by the capacity of the cell and
by the energy budget of the patch. When the battery is run down, the patch needs to be taken out of

service and a different patch needs to be put into service. This can also be inconvenient.
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WO 2011/ 094608PCT/ US2011/ 023017 When the pill gets triggered, it emts a
signal, sends a comrunication, etc... An exenplary pill and conmunication
are descrwbedioy4@stail in, for exanple, in the foll ow rgTUS2@anIv7
publications: 5 US Publication nunber Publication date Title 20080284599
11/ 20/ 08 Pharma-informatics system 20080306359 12/11/08 Medi cal diagnostic
and treatnent platformusing near-field wireless comuni cation of

i nfor i on vvi.}hi n a patient's hody 20090082645 03/ 26/ 09

en the pill gets triggered, it emits a signal, sends a communication, etc... An exemplary pill and

communication are described in detail in, for example, in the following US patent publications:

US Publication number Publication date |Title

20080284599 11/20/08 Pharma-informatics system

20080306359 12/11/08 Medical diagnostic and treatment platform using
near-field wireless communication of information

within a patient's body

20090082645 03/26/09 In-body device with virtual dipole signal
amplification

20090227204 09/10/09 Pharma-informatics system

20100022836 01/28/10 In-body device having a multi-directional
transmitter

20100081894 04/01/10 Communication System with Partial Power Source

20100312188 12/09/10 Pharma-informatics system

each of which is incorporated herein by reference for all purposes as if reproduced fully within.

Actual tests with real pills, real patches, and real human subjects have achieved reliable detection of

communications from such pills. This is remarkable given prior-art failures to achieve such reliable
10 detection, and the many ways in which nature, human physiology, and materials science conspire to

make these results difficult to achieve.

As a general matter, conventional electromagnetic radiation is emitted by a dipole and detected and
received by a dipole, and conventional models assume that the signal strength falls away with

15 distance at a rate determined by the permittivity and permeability of the medium (here, human
tissue). Many investigators in this general area thus proceed with the assumption that the receiver,

such as a patch, needs to be as nearby as possible to the transmitter (that is, nearby to the stomach).

It would be very desirable if some way could be found to detect the triggering of the pill

20  transmitters that would avoid the inconveniences related to patches as just described, while

.



| n-body device with virtual dipole signal anplification 20090227204

09/ 10/ 09 Pharnma-informatics system 20100022836 01/ 28/ 10 | n-body devi ce
havi ng a wol2pit/idigoect i onal transmtter 20100081894 04/ 0PCTM@SSumoedvitat i on
Systemwi th Partial Power Source 20100312188 12/09/10 Pharnma-informatics
system each of which is incorporated herein by reference for all purposes
as 1 f memiadise achidvitgl tie wiiitlé detechioh thal hds ®sdrsacvdhplish@blsingipalcBes. Mbade apat ches,
and real human subjects have achi evegP\Bel I abl e det ectt;?n of co ni cations

f rom sGHKT PRPIELSICEhmgasPe Rk ABYIE 2P DRACSHRTIH I GFY O PRIV d$OP6 Pachi eve

such 1 kdoatpliehed reliably and accurately without undue discomfort or inconvenience to the patient.

5 Summary

It is very counter-intuitive to carry out sensing from locations at considerable remove from the
stomach, given that in general one might think the receiver needs to be as close as possible to the
transmitter. And yet that is precisely what is described here. Cooperating sensor electronics are
10  placed at each of two wrists of the patient. Once the counter-intuitive nature of this arrangement is
put out of mind, other potential benefits become readily available, for example a man-machine
interface can be provided. The potential discomfort and inconvenience of an abdominal patch are

reduced or eliminated. And alternative power sources become available.

15 Description of the Drawing

The invention is described with respect to a drawing in several figures, of which:

Fig. 1 shows a patient 101 with a wristwatch 102 and a bracelet 103 according to an aspect of the

20 invention;
Fig. 2 shows the wristwatch 102 with elastic band 203;
Fig. 3 shows the bracelet 103 with elastic band 203;
25
Fig. 4 shows the wristwatch 102 in cross section, with electrode 202 in intimate juxtaposition with

wrist 105, and with chip 401;

Fig. 5 shows the bracelet 103 in cross section, with electrode 302 in intimate juxtaposition with

30  wrist 106, and with chip 501;

Fig. 6 shows chip 401 in functional block diagram form; and

Fig. 7 shows chip 501 in functional block diagram form.

-3 -



10 detection, and the many ways in which nature, human physiol ogy, and

mat eri als science conspire to nake these results difficult to achieve. As a
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pat ches as just described, while nonetheless achieving the reliable
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pr et sealktecogtamsmisted eigeal obedniher @tioCopgilht (4nghenanis orzgeled blv goiigices.e 10
pl aced at each of two wists of the patient. Once the counter-intuitive
nature of this arrangenent is put out of mnd, other potential benefits
becone Iredidiclapprasiatied eidt ehildf this imxatpl ie dacﬁlmd-imwempleima@ech aherecamablke
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rovi ded. i nconveni om nal
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Invent@&ﬁndﬁggﬂ1@&@@@Mﬁmhh@xMﬂp&hm&@&@n%QZ with elastic band 203

Turning now to Fig. 2, we see an exemplary wristwatch 102 with elastic band 203. The elastic band
helps to keep the electrode 202 in intimate contact with skin of the patient. A display 204, such as
20 an LCD, is shown. A pushbutton 205 is also shown. In this way a man-machine interface (MMI) is
provided. It will be appreciated, of course, that the MMI need not be limited to what is shown here.
Other elements of an MM, such as a piezo beeper or other sound source, could be provided. A
touch screen or other human input device (HID) could be used. The LLCD and pushbutton are
merely exemplary.
25
While this aspect is described with respect to elastic wristbands, other approaches such as a Speidel
twist-o-flex® watchband could be employed to keep each skin electrode in intimate contact with the

skin.

30 TFig. 3 shows the bracelet 103 with elastic band 203. The elastic band keeps electrode 302 in

intimate contact with skin of the patient.

In the examplary arrangements that follow, the electrodes 202, 302 will be described as electrodes

in intimate (conductive) contact with skin. Perhaps less preferred, but also workable, would be
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Fig. 3 shows the bracelet 103 with elastic band 203; 25 Fig. 4 shows the
wristwatch 102 in cross section, with electrode 202 in intimte

j uxt aposiwoanimidtdeswr i st 105, and with chip 401; Fi @CTAISSM0M2300 he
bracelet 103 in cross section, with electrode 302 in intinmate juxtaposition
with 30 wist 106, and with chip 501; Fig. 6 shows chip 401 in functional
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descri ﬂﬁwaiah&leRmtbaﬁd SORMSBoCeIREE heMtbul Qbf WrstnEciihinfdrdtat, Garndi@dg and a
bracel et 103 according to an aspect of the invention. Wistwatch 102 is on

ri ght weeledes 82 Aiodiedp apraced s itipashipelagye togkinsomees having anjafr sg@or

apprecipati@thait Hptindrbicvdegf t-ri ght arrangenent is quite arbitrary and one
coul d exchange the positions of the wistwatch and bracel et w thout

departing fromthe invention.) One of the chief goals is to 10 detect a

trans mpﬁg @@h&dz&ﬂ@lm%a&ﬁﬁwm G&k s Qoh,WAM e@écln{)delﬁﬁ di"ﬁﬁﬂi’na'tet uk@pdslog9gMhed by
gastric juices. It will be appreciated that while this |nven?|on (S

descri batt 149, aml wideehip é@ly (Aep&itis gpramenisatiypi chuijled. prederably ggaHicalbe pi | |
other vgfl.aah ﬁ)irlﬁlostlgndelé%?ro&l@“yd %Q \xﬁt‘ﬂ%hse@o%d @E&?&feﬁoﬁm?ﬁe%ewﬁ eierc&&%e{g)g&? ddoes

not occur unt e pill reac say, the small intestine al so
devi®e ogemstodlopedr, aphproadds wmemhlﬁe m0<ﬂql¢®¢s a§pgtnap0mtsf0t theghiorcldtrede 282§ Ar st
poi nt Qf, R, &ru%é éasing%}‘s' gi%v}dﬁggﬂ%&&er Rl QheR! t'wli’&% IS AR QSLOSN %1%%8&%1&' gnal
is trlggere at “a sé&con progress. Turning noW

an exenps arqrosansecsm)mm1d‘reldgﬁr2dw\sﬁ2hn altasitd joxteposdiod O3th vidse 1@, asd wrth tgapdohel ps

to keep t he ele trode,.202. t ontact with i the patient. A
di spl ay %ﬁm I plixe 8ouphng w1tf1 riqn Qlectg)% %05 and second ectrocisel%log. %e Braceld?
electrodes together with housing or casing 503 function similarly to their counterparts in the

15  wristwatch.

Fig. 6 shows wristwatch chip 401 in functional block diagram form. Previously mentioned

electrodes 202, 402 may be seen, communicatively coupled with transceiver 605. Cell 603 and

power circuitry 604 provide power to transceiver 605 and to controller 606. Controller 606 controls
20 transceiver 605 and provides MMI such as LCD 204 and pushbutton 205, and optionally other MMI

such as a piezo beeper or other sound emitter. LCD 204 is controlled by multiline bus 607.

Interestingly, a technology that seems rather old-fashioned, the self-winding mechanical watch,
offers possible benefits here. As shown in Fig. 6, a pendulum 601 has an opportunity to move

25 around as the human user moves around. A strong permanent magnet in the pendulum induces
currents in a winding or windings 602. This permits the cell 603 to be a rechargeable cell, or
perhaps an ultracapacitor, mediated by power circuitry 604. Bluetooth or other protocol system(s)

607 can communicate with external equipment such as a cell phone or personal computer.

30 Fig. 7 shows bracelet chip 501 in functional block diagram form. The elements shown there

correspond closely with elements in Fig. 6.

The day-to-day function of the system (the pills, the bracelet, the wristwatch, and other equipment

such as a mobile phone) will now be described in an exemplary aspect.
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pushbutton are nerely exenplary. 25 While this aspect is described with

respect, to el astic wistpands er, approaches such _as a Speidel
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t her ebet ween. Perhaps even | ess preferred, but n;ébe al so wor kabl e, woul d

be an argnalngeheskin tleclighe 80 rehé veoicotiemdise 8. i 1disystecenais trlo-Tatanalpe-tout i s
of CO”%‘ig?tlﬂf CSﬁJeﬁﬁd,T%?e%épﬁ@at a%{o'iﬂt%ok 'h%gelltnﬁl £l 56t Frﬁ@&’e?ta aR%ms A0 hOwRe 1N a
e I'p rela to skim, 5

spaced r tions tive sonet I nes having an air gap or
par 10 alsermrs (gapt thedrasblet weest theRygptwarclohowbert dvannmigtod@kenallp® dthercr oss

section, W lectro .01 nti ; NN i .' 5, and
wth c%ﬂlﬁ%{%@fﬁa&(ﬁ |anofg§af§8%egﬁ%%}ch§? ?@%‘{tgééﬁggﬁs%%%&gs r é\% %s{l%%’%%ﬁatrlrggs lgll lically
connec ttlechill wihtinit $kiripgee¢dect rode 202 and with a second el ectrode 402. The
second el ectrode 402 is 10 open to the air, and provi des what m ght be
nodel ed as a counterpoise for the skin el ectrode 202. A nonconductive

casi ng 140 Jrefyred afepembhitugl oiriRe @tovaaind bdh@niri-@b&cind adesgnalsiofintdess hows t he
bracgel et f.dO%O%th Cross section, vviflh el ectrode 302 in intimate juxtaposition
wi t P wiT%s Terenptig! Rl WSS WO Mruni cati ve coupling with skin

el ectrode 302 and second el ectrode 502. The bracel et el ectrodes together

wi th housing or casing 503 function simlarly to their counterparts in the

15 wr i SYMBEATCdEPgYe. B TSHIRECORPCERMAYE 1P @k (B %60 Of OV RMEE FERP [OIWK di agr am
form RERYIcQHSIYs MR RbIAREHII 104 as can be imagined. Once the counterintuitive nature of this
move is accepted and put out of mind, many other interesting capabilities become available that

20 would likely not have been available at all in prior-art arrangements such as an abdominal patch.

Technology suitable for such sensing is discussed in a paper entitled “A low-noise, non-contact
EEG/ECG sensor” by Thomas J Sullivan, Stephen R. Deiss, and Gert Gauwenberghs of the
University of California, San Diego, Biomedical Circuits and Systems Conference, 2007, BIOCAS
25 2007, IEEE, 27-30 November 2007 Pages 154 — 157, Digital Object Identifier
10.1109/BIOCAS.2007.4463332, incorporated herein by reference.

Sensing things from further away from the body is discussed in PCT publication WO 2009/055733
entitled “Fluid transfer port information system”, incorporated herein by reference, and in US

30 published application US 2009-0112178 A1 with the same title, likewise incorporated herein by
reference. Sensing blood volume is discussed in US patent application number 61/160,265 filed
March 13, 2009 and entitled “Volume-sensing device, system, and method”, incorporated herein by
reference. Other related technology is discussed in US patent application number 61/240,571 filed

September 8, 2009 and entitled “Body-associated device”, incorporated herein by reference.
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S ephen e RLE RS o B G E oy SR RERPo P RS Bl of RORE ot bt 10

San2Di égof. Bi onedical Crcuits and Systems Conf erence, 2007, BI OCAS

It will be appreciated that one of the important parts of analysis of data collected at electrodes 202,
302 (at the bracelet and at the watchband) is the time-correlation of measured data. One might
think that this requires a highly accurate clock running in each of the bracelet and watchband, the

30 two clocks being extremely closely synchronized.

But in fact it is quite workable to allow the two clocks to be less expensive (and less power-hungry)
clocks that are permitted to drift relative to each other. At the wristwatch, synchronization events

(simultaneous detection of common-mode impulse signals from the environment, for example)
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interesting capabilities, however, present thenselves once the

st i mul Ude detnd? eepvpisians ¢riha o sansiiedeestiens anbkaly 1 Sbiwvducmight ke sintednttibire. The
heart functien (essentially a two-el ectrode EKG can be neasured. 10 Energy
can be transnmitted at one of the two points (for exanple at the bracelet)
at sbne frequency, which propagates through the body to the other point (in
this e . at. i A . I del asured
evel P ilon B Yl e M PR Al SRl PR OB

t r ansmvatchtaral) barieis dfougth @rdfevablp dianths cfraiganivatioobe bixiangiosaladt l¢akigo preyglel et ) at
a diff rent 15 frequency, which propagates through the body to the other

poi nt ?%@ M8 this exanple at the wistwatch) with a non-identi cal
nmeasured delay and a non-identical neasured | evel of absorption,

or
per b 1 4 ARG oBat e HANETe el ARk BRI b e PR RO By

rel ati \(gighd 1o IRy sehded SEriMEbL L tiailks 8xpekbfed tdbeSin \Watyrand2l 9 0d 1¥.0b RGN0 DE:).
indirectly neasured. Real -tine neasurement of blood volunme has rarely if 20

ever bé@ﬁ“&&ﬁﬂ%gﬁﬁo@%wéﬁﬂmﬁfakB%ﬂﬁﬁéig&%ﬁ%ﬂ@H@“@%%ﬁﬂ%ﬁ%F?mﬁﬁgﬂﬁﬁsmm
measur eeRtSs). Wi th large, bulky, and stationary neasuring equipnent. This
approach permts real -time neasurenent even as a patient is anbul atory.
These neasurenents may permt real-tinme nmeasurenent of cardiac out put or

_St r ke The Wﬁm?gtht %ﬂa%dg§ ré?ﬁﬁ(ﬁér 10 fake X\ba{rllc@ﬁ P PARGhal/Rsl rﬁi}éﬁgpr%& gf the
i mport ant Parts of analysis of data collected at el ectrodes 202,
audible or visual acknowledgment when the patient has taken a particular pill.

Accelerometers in the bracelet or watchband or both will permit measurement of a physical activity
level, and may permit detecting times of sleep. These could likewise be reported external to the

25 patient.

The allocation of computational resources can be varied somewhat. For example it may be

workable to do most of the computations in the wristwatch, comparing the signals as measured at

the bracelet and at the wristwatch. Alternatively it is workable to do the computations elsewhere
30 (e.g. at a distant computer) and to have the wristwatch simply pass along the information which it

received from the bracelet.

The needed bandwidth from bracelet to wristwatch, and from wristwatch to distant equipment, is

such at a carrier of 10 MHz should be adequate.
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302 (at the bracelet and at the watchband) is the tinme-correlation of
nmeasured data. One mght think that this requires a highly accurate cl ock
runni ng iwoeatitnedost he bracel et and wat chband, the 30 twoTalSeelk®23ve? ng
extrenely closely synchronized. But in fact it is quite workable to all ow
the two clocks to be | ess expensive (and | ess power-hungry) clocks that are
permtted to drift relative to each other. At the wistwatch,

synchroni z t|o a eous detecti on of common [ | se

oY ol a A B oA O LR K™ s ST ROSRE BRSO | 023017
per m t ifR& by b of @m&m e irférdedto Here@Barhselba @Rl @limWvhich fyidwl. then be
understood to match a tinme value at the wistwatch. Drift of one clock

relative to the other can be detected and corrected in this way. 5 The
wisgwatch and bracel et can be stylish. They need not | ook "clunky". The
patient m ght actually enjoy wearing a recogni zable or distinctive
wristwatch and bracelet. The A-to-D conversions at the two sensing

| ocations are likely 18-bit, but m ght be sixteen-bit or twelve-bit. 10
Conmuni cation fromthe bracelet to the wistwatch m ght be open-1oop (one
way from bracelet to watchband) but it is thought preferable that the
communi cation be bidirectional, at |east to provide handshaking. 15 The
comuni cati on nmay use an inductive coupling through the body at a

hi gh-frequency RF signal (higher than the sensed information that is
expected to be in the range of 0.1 Hz to perhaps 100 Hz). Alternatively the
communi cation can be optical infrared (bouncing off the surrounding walls
and structures). 20 The MM mght provide a rem nder to take a particul ar
pill. And the MM m ght provide an audi bl e or visual acknow edgnment when
the patient has taken a particular pill. Acceleroneters in the bracelet or
wat chband or both will permt neasurenent of a physical activity level, and
may permt detecting tinmes of sleep. These could |ikew se be reported
external to the 25 patient.



The allocation of conputational resources can be varied sonewhat. For
exanple it may be workable to do nost of the conputations in the

wri st wat oW 200MPadBNg t he signals as neasured at the br&celuskolaneBoat t he
wistwatch. Alternatively it is workable to do the conputations el sewhere
30 (e.g. at a distant conputer) and to have the wistwatch sinply pass
along the information which it receCuatM$rom the bracel et. The needed
bandwi dth from bracelet to wistwatch, and fromwistwatch to distant

equi pnent, is such at a carrier of 10 MHz shoul d be adequate. The alert
reader (WA dathanRriR@mEinbd tatbd Yut AeMirSHpBY ¥ fitsBdkvRe \Mh@U SecbitPdReRBA §f and
variants of the invention, all of which are intended to be enconpassed by

the cl AiErsiglsricnardihe grend dpico GARPOYEOBIRCTI ISR TCAHEIB AN . A dat a

gat her irfgedi®t RAd akBebdRQ QB hdmEBSPESHprishgdhd étéé)@ br.devi ce and a second
devi ce, each of the first device and the second device conprising a

respective electrical signal detector having 5 respective first and second

el ect r QiR alii§ dIREOGHnGARind & 1] RUERR Rbc deRlAGIdRIifR hid it IfgY e upon
a first Tinb of a living body, the first” device encircling said first |inb,
t he fi figit elsriaederodthe fgft detiee fukiagesedwith eaid figsk limpabestcond deosrgileiofithe Brst | i b,

the secop eﬁhﬁ‘%ﬁ{t&@'ﬁo&&tééﬁgﬁ th fHhn HEVIG S1ERER. di stant fromthe first |inb

than the first electro acing a second device upon a second |inb of a
bod{) the second device encircling said second |inb, the second |inb being

a linb ot her fi | i t {.r I . FLr devi ce
Fuxt ap L8 b0 gbii b e bbb E ol 3% (R REIORESasph il LBl 0% e ce
nor e dilimthatie séqoodlitnhdeing @ dind dthemkhan ld@rfirstHiant, iedirsteleecodead é1e fatt detiee f i r st
devi ce, neasuri.ng el ectrical .signals at the respective signal tector
G 1t or dnuan v DR GRS ER B sR0R Suliock SFul SRR EirdRbndBL R e i ng
a firstedal dmdtiizdane fimdil@abdae t hereof; at the second device, measuring
ele?grical signals at the respective signal detector differentially

at the first device, measuring electrical signals at the respective signal detector differentially

between the respective first and second electrodes, yielding a first data stream indicative thereof;

at the second device, measuring electrical signals at the respective signal detector differentially
20 between the respective first and second electrodes, yielding a second data stream indicative thereof;

and

analyzing the first data stream and the second data stream together, thereby deriving information of
interest about the body.

25
2. The method of claim 1 wherein the analyzing step further comprises synchronizing the first data

stream to the second data stream by aligning common-mode events therein.

3. The method of claim 1 wherein the analyzing step is carried out at equipment separate from the

30 first device and separate from the second device, the method further comprising the steps of:
communicating the first data stream from the first device to the equipment, and

communicating the second data stream from the second device to the equipment.
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20 between the respective first and second el ectrodes, yielding a second
data streamindicative thereof; and analyzing the first data streamand the
second dawe 28twmaest oget her, thereby deriving infornati @eaTafS2é6inoesest about
the body. 25 2. The nethod of claim 1 wherein the analyzing step further
conprises synchronizing the first data streamto the second data stream by
aligning common- node events therein. 3. The nmethod of claim 1l wherein
t he ang i ng ste out at .equ .Separate fr the 30 first
devi ce rﬁ‘ §§ g @awf)ﬁﬁi ’s‘ré‘&t{%]ﬁ%?dd%&'? Bgﬁ’fshlémﬁé% at Wr‘% ﬂl@rbog%ﬁﬁ‘rll si ng
the Stelﬁbsse@cfnd 1R BécoAd hitGoftthebddyr Mt wihefeth BE ERAMNAY TR et Jelicet device to
t he equi pnent, and connunlcatln%rthe second data streamfromthe second

devi ce PHPHITE CReglingb st of e oy ImhoesnpiThasparling oy second devise et hod of

cl ai g LofpfidebBhicieN®Y AGHAMr aARdedond i@t the first limb is a first armof the
body, and the second Iinb is a second arm of the body, and wherein the

encircling of the first device conprises encircling a wist of the first

l'i b, %th@ﬂ%&%HBf&Qﬁl?Qﬁ&%&&bﬁﬂm@&h%bép%&ﬁ@ﬂgsQ%%hﬁfmﬁaﬁgﬁEQk§§énd
encircling a wist of the second . 5. The nmethod of claim 1l wherein

t he anahq 2 cerymanieghiop asrpeipice with an engestibly device aasteddnehebody. si gnal and a
communi cation associated with an ingestible device ingested by the body.
1(6. The nethod of claiml1 wherein the first device has a rechargeabl e
enet@y Tkt oethgof ddre Imehidnanl thie dirst Meyicaclomp ré¢cbingepblchmery eforage, thomiethgd funder i r st
l'inb, an ver v n ol r ner gy,
sai d e%e%’ﬁﬁg @'gwggggg?égﬁaﬁgghgﬁt%e P%%ﬁ“%d%gﬁhgﬁ%ﬁg#gﬁ&ékﬁﬁﬁﬁb 7.
The newhndwdkmagammﬁEkmhmﬂemmgyhﬁhngmgﬂmna@a@éﬂﬁi@mmwmmwge5|gnals at the
first device conprises 15 carrying out an anal og-to-digital conversion, the
first data streambeing digital, and wherein the nmeasuring of electrical
signal g. &hehﬁ&mﬂeﬁﬂmdlH@M&ﬁ@l@ﬂﬁ@ﬂﬁ&@&ﬁ@&mﬁyMmgnﬂﬂhﬂﬁﬂﬁﬁﬂ&hﬁgfbﬂmﬂkgital
con i{SIOﬂ t he second $ 6ﬁlfstream od of

e
cl i 7Rl o el ST eTaR G O Eehve sk Biine i pabEniRe
r esol utnhe@surdf oROe@ticdl Cigsdls &itkd REshdRletiSe comprises carrying out an analog-to- d1g1ta1

conversion, the second data stream being digital.

8. The method of claim 7 wherein the analog-to-digital conversions take place with a resolution of

20 atleast sixteen bits.

9. The method of claim 1 wherein the analyzing step comprises carrying out an electrocardiogram

measurement with respect to a heart of the body.
25 10. The method of claim 1 further comprising the steps of:
emitting first electrical energy within a first band at the first device;
detecting the first electrical energy at the second device;
30
emitting second electrical energy within a second band at the first device, the second band different

from the first band;

detecting the second electrical energy at the second device; and
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9. The nethod of claim1 wherein the analyzing step conprises carrying out
an el ectrocardi ogram neasurenent with respect to a heart of the body. 25
10. The mwohod/moficosl aim 1 further conprising the steps eCI/uSattiopieg7 fir st
el ectrical energy within a first band at the first device; detecting the
first electrical energy at the second device; 30 emtting second el ectrical
energy wiwthin a second band at the first device, the second band different

fromthe first band; detecting the second electrical energy at the second
devi ce:CORRY eIl Rl st satTay 21q ‘g% get‘é‘]t"é]csf"?‘?néﬁfler%%gftgﬁac < he

det ect Qlﬁbr&ﬁ'%ﬁﬁinﬁﬁﬂérﬁl\étiw dthneRHeRY bodyher eby deriving information of
i nterest about the body. 5 11. The nethod of claim 10 wherein the step of

deriving information of interest about the body conprises inferring a ratio

of f4uid R ABMod bildmWottertid the s@?@i_s/derivﬂx%-inf%'ﬂﬁ‘au@ﬁbm&r&t afouBihbddy Wwherein
the step of deriving information of interest about the body conprises

i nf er r icAGPBIcs HciBg & msiowr Ao aefeflye aijthingthe bads.  The net hod of claim 6
further conprising the steps of: inferring a | evel of physical activity of
the body fromthe converted el ectrical ener%y, and 15 communi cating the

i nf errdd. Mby@kthed ofxiyini Idavhezain theistep obsarvimganiorration ef fitarest ahpwyihe bodind

extern%bm>Hﬁﬁgggﬁgggggiq§mkg%nmn%%ﬂxﬁge met hod of claim1 further

conprising t
10

13. The method of claim 6 further comprising the steps of:
inferring a level of physical activity of the body from the converted electrical energy, and

15 communicating the inferred level of physical activity external to the first device and external to the

second device.
14. The method of claim 1 further comprising the step of:

20 communicating the first data stream from the first device to the second device;
wherein the analyzing step is carried out within the second device.

15. The method of claim 14 wherein the communicating step is carried out by means of infrared

25  light communications or by means of high frequency radio frequency communications.
16. A system comprising a first device and a second device,

the first device comprising a respective electrical signal detector having respective first and second

30 electrodes;

the second device comprising a respective electrical signal detector having respective first and

second electrodes;
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20 comunicating the first data streamfromthe first device to the second
devi ce; wherein the analyzing step is carried out within the second devi ce.
15. The mwohod/oficosl ai m 14 wherei n t he comuni cati ng st @pTits2@aieioet out by
means of infrared 25 |ight comunications or by neans of high frequency
radi o frequency conmuni cations. 16. A systemconprising a first device and
a secornik fitedeeiee shaped fohendircligt a Glal besub ol the Sirsigleardde P aetiirv@edbect ri cal
signal detector having respective first and second 3 | ect rodes; the
second d&fB%eg & %%Hﬁ??%g%ljltlégﬁl‘iéﬂéé’%‘ﬂ @eéar%ﬁ?wec@wré‘ﬁsgtﬁsﬁmﬁe%aﬁfavd havi ng

I especteig¢@odel of fe fastdleSieC MBShs&] BB MRS Sistanttthen the lisih leMhERrssh@pOde WRén
encircliqg alinb of a subject, the first electrode of the first device

di sposdl st dszicr eaeilsd dedinit h said 1imb when the first device encircles
the 4inb, the second electrode of the first device disposed to be nore
distant fromthe linb than the first electrode when the first device

enci r cllesseedid deyigpshapgifosencarlineadimi el astyhiseldthe drst elsetrade of thg second dyyiest a

S _Ubj eCtd_ispBJ&ﬁ o bd j%&taﬁ‘ds HliRdgd Rhb Tvﬁﬁ_%n &ﬁ%%ﬂd Q&M&e%%ci@éle%ﬂﬁéﬁgb,ttﬁe Reodquxt aposed
with said |inb when the second device encircles the |inb, the second

el ect r gletresde of the ssewd deviekeditnoseddp Sp oweaddistont enntbe Bmdithanale firktredeirodee |1 nb

t han tQﬁmﬁhﬁ%&xﬁpﬂgh&ﬂgﬁhﬁﬁﬁﬁeﬁﬁﬁ-Second device encircles the linb; the

el ectrical signal detector of the first device responsive to signals at the
respective first and second el ectrodes, yielding a first data stream

i ndi catj v f.a.di t t I I I ctive first and
secona s desfcsfull QELERER R REN) Aol Bl ol IO RERECAIEA ' (2L e
r esponseopad tloctgidgn aleddimg a filhedatespantindiatiié ofst difftrdnedeovedn teophalodiebe
yieldin& atsegond(pat%ﬂsirfqy1jndicative of a difference between the

si gnal $TRIYRE™ BYPEETVEYPTEt and second el ectrodes: the system
further conprising an anal ysis neans, said neans responsive to the first
dat a_stream and 20 the secqnd data stream .for derivi i nf ormat i on of

ot 5 e AT v BGOSRl Be il SO e & (P ey o1 <
neans  isscon@pRE@ides, yle@ihd hchid @ta stemh GRliAR: SeRRTatRe be@ed e sigeaond
device, the systemfurther conprising: 25 a conmmunications link fromthe

first derdectys fusiendergruhasirodsshd a communications 1ink fromthe second
device to the equipnent. 18. The system of claim 16 wherein the first
device further conprises a rechargeable energy 30 storage, the first device
f ur t herthecyppmifaithiey cAmprsERSNEBHYET REHY SHoVBGREnIeSRRsiye ) et ¢l stea®rgy, sai d

el egd r iygalec GRRRLA% L LS I BHi0Ee tI6miB608f GRARI HoENAL BySt orage.  19. The
system of claim 16 wherein tﬁe first device further Conprises an

anal og-to-digital converter converting anal og signals fromthe respective

first G}HdTﬁ%}%Hl & Ic &h rl@%@reitﬁbt a(?lagfgig 'Ir}egllls igéetpgrate from the first device and separate

from the second device, the system further comprising:
25 acommunications link from the first device to an? equipment, and
a communications link from the second device to the equipment.
18. The system of claim 16 wherein the first device further comprises a rechargeable energy
30 storage, the first device further comprising a means converting movement into electrical energy,

said electrical energy recharging the rechargeable energy storage.

19. The system of claim 16 wherein the first device further comprises an analog-to-digital

converter converting analog signals from the respective first and second electrodes into digital data,
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WO 2011/ 094608PCT/ US2011/ 023017 the first data stream conprising said
digital data. 20. The systemof claim 19 wherein the anal og-to-digital
convert erwbastizo@sol uti on of at | east sixteen bits. 5 PRT/USI#NG/033031 em oOf
claim 16 wherein the first device conprises an emitter controllably
emtting first electrical energy wwthin a first band at the first device
and coniio fdkd @bl syre@iicbihpirghgsaciangdtaeliect ri cal energy within a second band at
the first device, the second band different fromthe first band; 10 and
wherein the second device conprises a detector disposed to detect first

el ect r ixpatheaasd Y anith 1heh&E 8 HhnBbeed-tiokalcoSRAEMAs a hBBluBRYS I8stTeans
di sposed to conpare the detected first electrical energy and the detected

second SBHER§YSwi t h each other, thereby deriving i nformation of interest. 15
22. Jhe system of clai m 18, wherein the anal ysis neans infers a |evel of
physical activity of the body fromthe converted el ectrical energy, and
comuniZd atl Basysiea of igtaiip A 6 svhpisipethe Bist deyicgicemprisgs p GPILYr eoRtrallaby enpiing RiEstf j r st

devi ce e?e'@gw%)gn&rg? azluhfnod & akd at%ﬁecf?ﬂgfjdeQQg 'aﬁ\@contrgl:fablir Qﬁttﬁ%%&%mi Qleciibai m 16

wherein the firSt device communicates the first ddta stfeamto the second
devi ce;eneradwitbinwseqonil randms thedabtyleving theesaenndibandgditferient frameths dish henddevi ce.

24. The systemof claim 23 wherein conmunicating is carried out by neans of
an infrared |ight comuni cati ons channel or by neans of a high frequency
radi® fané qfhgnmth;mmngﬂrdemae conyisehadatestor dBPosed to detect first electrical energy and the

second electrical energys;

the analysis means disposed to compare the detected first electrical energy and the detected second
energy with each other, thereby deriving information of interest.

15
22. The system of claim 18, wherein the analysis means infers a level of physical activity of the

body from the converted electrical energy, and

communicates the inferred level of physical activity external to the first device and external to the

20 second device.

23. The system of claim 16 wherein the first device communicates the first data stream to the

second device; and

25 wherein the analyzing means is within the second device.
24. The system of claim 23 wherein communicating is carried out by means of an infrared light
communications channel or by means of a high frequency radio frequency communications

channel.

30
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