WO 2011/094608PCT/US2011/023017 Two-Wrist Data Gathering System Cross-Reference to
Related Application 5 This application claims priority pursuant to 35 U.S.C. 119 to United States
application serial number 61/300,435 filed February 1, 2010, and entitled "Two-wrist data-gathering
system". Th&¥Br8guWif#8 incorporated by reference in its entirety. Introd REBHSEOHIZHBL easy to
know whether a patient has taken his or her medication. The assignee of the present invention has
iven much attention in recent years to s of detecting ingestion of medications such as pills.
%hrough great effort, the assigr¥ee oifli't %@é&%ﬁ a?ﬁeglﬁﬁg%glgétﬁnés devised systems involving pills each
containing a device with communication means, e.g., conductive communication means, etc., and
involving a-feeeiMer-gHch asiadkadehiapplied to the skin of a patient, so that when one of the pills
reaches the stomach, gastric acids activate the device which communicates a current signature. The
patch picks up the current signature, thus detecting the ingestion of the pill. The patch can then pass
along thislévemptisaotherizgsipment ramtay stein§L.5.0. Bdi e xarhpiedihepatehlivepuseid Bluetooth

protocol ta.seRddiews Akthrevantds a mabiletelaphonanhich il caipassdhe eygnt to other
equipment. A typical patch location is the abdomen. While the assignee of the present invention has

had good PESE 1 1S LD SURRTHE RIS A PSR G

Introduction
10

It is not easy to know whether a patient has taken his or her medication.

The assignee of the present invention has given much attention in recent vears to ways of detecting
ingestion of medications such as pills. Through great effort, the assignee of the present invention
15 bas devised systems involving pills each containing a device with communication means, e.g.,
conductive communication means, etc., and involving a receiver such as a patch applied to the skin
of a patient, so that when one of the pills reaches the stomach, gastzic acids activate the device
which communicates a current signature. The patch picks up the current signature, thus detecting
the ingestion of the pill. The patch can then pass along this evenl 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 resuls in its systems that use & paich 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 & 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 multicel] 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 ron 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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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 St 4R ed to the abdomen. 30 An abdominal patch haPSFEMEr B, 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 WeetidaBevawaesiat of geiiesiznell wuiffe centpaichineetis. todbeputth B8mide. This can
also be inepnvenianbn WQRAHLHOMELISR GFS203 LI0B3AH L Whenshapilasis tiggered, 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: 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 hayg aghieyed reliable/defaction 8£§orqmgnications from such pills. This isTemarkable given
prior-art failures to achieve such reliable 10 detection, and the many ways in which nature, human
physiologypesudsmsterials scienca conspire to mekenthegekegiisdiffisult to achieve. As a general
matter, conventional electromagnetic radiation is emitted by a dipole and detected and received by a
dipole, anée8iiHAtidnal models'addifife that thMedignbiisgeasterridlizcaimen Witfols wiseance at a rate
determined by the permittivity and permeabilityﬁgﬁ;{agemeﬂ}gm&(h%m% tissHer Many
investigators in this general area thus proceed \j/vittgl.the assumption that the receiver, such as a patch,
needs to pe as nearby as possible to the transm‘ﬁi[e%n(?‘r%i‘fl%rftﬁ gﬁ)ﬁy to the stomach). It would be
very desirafilentisoame way couldyfedaund to deaig%ggt%mgg%mg,%gp@ip&lc% fransmitters that would
avoid the|inconveniences related to patches as|just described, while nonetheless achieving the
reliable detection that has been accomplished u%l??%‘fﬂ)%?fb%s. There are other physiological

measuremgms thabyould also b dgeisable o Carny.aukLIEARNJL GRHIF be accomplished Teliably and
accurately without undue discormnfort or inconvenience to the patient.

20100022836 01/28/10 In-body device having a multi-directional
transmitter
20100081854 04/01/10 Communication System with Partial Power Source
20000312188 12/09/10 Pharma-informatics systern

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 1o be as nearby as possible to the transmitter (that is, nearby (o the stomach).

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

200 transmitters that would avoid the inconveniences related to patches as just described, while
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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 placed
at easprsthwiossvachecoing éhpatibabl Oirtecthen dbantes-ibtaitivecnatplishstithis ey eatdemedthispatout of
mindagllepRoRIaLEeRinRstame ea U RYalRRIs, ILSXRING amen;mashing nerlage can be
provided. The potential discomfort and inconvenience of an abdominal patch are reduced or
eliminatethphisbicd ltehabtivendowearrsoly ceshvat onminadiitabiforiccording duienragptetptiters. is provided
a data gathering method carried out with respect to a first device and a second device, each of the first
device and the second device comprising a respective electrical signal detector having respective first
and saanm@®iectrodes, the method comprising the steps of: placing a first device upon a first limb of a
living body, the first device encircling said first limb, the first electrode of the first device juxtaposed
with said first limb, the second electrode of the first device more distant from the first limb than the first
electibde vshachgrigasbnt elriceruporra sesorgl fimb bfcatbodyathesedent]deviveentivolingesaid
second |i t li ' in he first limh,.the first electrode of,the firgt device
e e e R R e
secotrdtimitteran/thé fiesttedédtrotks] sl Yhelfivsiddsscsbeddasaringosienioe signalschictheniespective
sionaldelgcinraffsreqlial betuarp tdasnsalyaUshand seapnd.sleriiedesnelging 4 lisdata
stream indicative thereof; at the secohd device, measuring electrical signals at the respective signal
detedior diffepémuiiily beverrichicslspwétivdficonuntatito g alebieo des eymidilg aaseconttata
strea indicatiye fasspefapd ?H@'?(&i&%‘i!ledlkfé g ﬁH&%‘i@cgﬁgn%%c%eSﬁQH %&ﬁ%%ﬁr%%gﬁ@?“
thereby deriving infoiniation of interest about the body. According to another aspect, t ere is provided
a systednasdrmprising adrsadibieranidva sevsnactesisbethmfimtadabice comprising a respective
electrical signal detector having respective first and second electrodes; the second device comprising
a respective electrical signal detector having respective first and second electrodes; the first device
shapégJerdsreichngrtichiilotre subjoddahe distzaderodensiithé fusicboivendibpossittobelirst

juxta ith, said i n fi ' irc j h 0 € first
e R S R S D S B
the lisdeetirelsaiepplddgtssice bhapad Jepestiviedirng antimerond debiesicththfinsctiedtrodpusitietbecond
deviceglonpsad inde dianere il oI i whellvhe seaorddexeasnalelts e Jab s

second electrode of the second dévice disposed to be mare distant from the limb than the first
electtorb. Wiehimelsetone delliedishclreies instinvsedrsitceidcarsind, dbeestornst dheefipdeddvice

respeRsivesiossigpals Alha I8RPestvafirshandsecand ﬁ@%}f&daéc%%gjqga%iﬁrgsfads%@ogaf%@mce

indicative of a difference between the signals at the respective first and second electrodes; the

electiieandigheguiblnborior bed sdbopererd devres porisiiago ig peteat inebrdbp setivad flimtbarringecond
electrodps, yigldingR 8RCANY AAIR sHeamdnslicatye of a diHaieRss RSWesN B8 JIgn’IRALBSHa

respective first and second electrodes; the system further comprising an analysis means, said means

respafBivehe fseofisetrsizosaedrihangorinseoerl mata sirtavniton dbeivierpndfdimration chinferést
aboutithe bedy ,Pescription of the Draudng,Ehejinyeation; s desqribgd wil é@&pgcgig%l dfgying in

several figures, of which: Fig. 1 shows a patient 101 with a wristwatch 102 and a bracelet 103

accofdffaetian vudpbeest the invavebne Higs akbwerand wlsindeh 1igding eldbt Batadseoamrig. 3
shows e draseiel k0% withelasticband ﬁ%s&&gﬁ:&'&%&%&&%ﬁ%@&%ﬁ@e%fé%%ﬁ?&g&%r with

electrode 202 in intimate juxtaposition with wrist 105, and with chip 401; Fig. 5 shows the bracelet 103

in croiffesatisHy Witk el ther espectiy infimshtenflnaegoasitidecwadenvriselioeg dnseenttd difp SEam

indicative thereof; and analyzing the first data stream and the second data stream together, thereby

deriving information of interest about the body.

According to another aspect, there is provided a system comprising a first device and a second
device, the first device comprising a respective electrical signal detector having respective first and
second electrodes; the second device comprising a respective electrical signal detector having

respective first and second electrodes; the first device shaped for encircling a limb of a subject, the
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Fig. 6 shows chip 401 in functional block diagram form; and Fig. 7 shows chip 501 in functional block
diagram form. WO 2011/094608PCT/US2011/023017 To the extent possible. like elements have
been denoted with like reference numerals. Detailed description Fig. 1 shows a patient 101 with a

wristiiestchl e dn @ htbealelet a08cadtordeAdadan wefretedf tthinvehtionh Wiisnizachriiokisesn right
W”S%%ﬁé}@&ﬁé%ﬁtﬁ%ﬁé’%i&ﬂ@ R iRt 8. L willRe arpigsiaied thahlisdREHORL AraRggpent is

quite arbitrary and one could exchange the positions of the wristwatch and bracelet without departing

from i ithveritish Jle#edst tecehies gfaansdgvﬁ@e;@mé@% émghmbﬁttég §@qaﬂng§émrﬁpm§éti&ﬁ from
pill 104 When,itis;iHeeg e d by SRSHIC jHigesLWilkhe apPeaipied bt whle tis fﬂ‘@é‘dg%&aﬁogééc“ bed

in an exemplary aspect wheré stomach juices trigger the pill, other variants could be ised such as

aspevihvnetdinie wheodhingeaoubdrsicscenitnrd thelpnbraekeashylctieodand thereagimsl GReeould
also Hﬁ%ﬂ%&‘ RI896H AP RIGAEN ARC IR ShSIHR IS HIQORI 80 Al TRl ROUNCIRARETERS HOuUIN

the gastro-intestinal system and a second signal is triggered at a second point of progress. Turning
now therign B, the dedrinslesstembatpsipistiiie ArBO Bayigs stsrtesbare SR alE Blasawbetie ieths to

keep e Qleghiode-40440 Bimae ceplpabWih-skin ahibaRalant ArdishlRideahal a5aR & LCD.

is shown. A pushbutton 205 is alSo shown. In this way a man-machine interface (MMI) is provided. It
will béappieessted fosicandsscthid thieammionedbenetebeifimhitsend WhECioshévikchereordtiisi sl ments

of an MMl SUERAS 801670 RREREFQIINGESAUAIOMAS1EOMI Re PIaYiaed: SIBHENSEISGB.AL other
I I 25

human input device (HID) could be used. The LCD and pushbutton are merely exemplary.
indicative of a difference between the signals at the respective first and second electrodes; the

system further comprising an analysis means, said means responsive to the first data stream-and the

second data stream, for deriving information of interest about the body.

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

invention;
Fig. 2 shows the wristwatch 102 with elastic band 203;
Fig. 3 shows the bracelet 103 with elastic band 203;

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

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.
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While this aspect is described with respect to elastic wristbands, other approaches such as a Speidel
twist-o-flex(r) watchband could be employed to keep each skin electrode in intimate contact with the
skin. 30 Fig. 3 shows the bracelet 103 with elastic band 203. The elastic band keeps electrode 302 in
intimate cont¥E A &48F of the patient. In the examplary arrangements tR&TfSfW L& Electrodes 202,
302 will be described as electrodes in intimate (conductive) contact with skin. Perhaps less preferred,
but also workable, would be WO 2011/094608PCT/US2011/023017 electrodes 202, 302 in capacitive
coupling with skin, that is, with some dielectric such as plastic film therebetween. Perhaps even less
preferred IBiRerREsperaigbiviirslime i hecaniensan ge ke misunennyresiglistband 203 is not elastic
at all but is of constant circumference, permitting the electrodes 202, 302 to be in a spaced

relatlonsrl_l)otrq aa,t%escto f':,kln sometimes having an air gap or 5 partial air gap therebetween. Fig. 4

show in cross section, with electrode 202 in intimate juxtaposition with wrist 105,
and Wﬁth chlp 401. Chip 401 is communicatively coupled, preferably metallically connected, with skin

electroder22 anshwith:asecondialaciiade.482 0T hrisasand-elestiadeatddsd A Qren tg.the air, and
provides what mlg% be mod 6 dasa ounter |se for the slég\,electr de 202. A nonconductlve casing

ention g3 §‘fﬁée P05 o W RSss section,

403 provides Strictur qtg’e&ween the' fo “ "SIEE ro SRIEgedeL)y
with electpgiecgozi Thatﬁm&ﬁéquktag@smmnmmm%m@@*yamd ywitlecchip G04nge Gemmiivicative

coupling M%&J&ﬁ%@ﬁ@ﬂ%&%@%ﬁ%%&ﬁ eeirarlam0zychhenbraselst glegiradesiegpther with
hou3|r\g 0?1; casmg? 503 fuugcnon similarly to their counterﬁarts in the 15 wristwatch, Fig. 6 shows

wristwatc BT TH e aBHAT SRSER IS TorR P HEVIBSRI MEisRTRb gy sastric juces.

It will be appreciated that while this invention is described in an exemplary aspect where stomach

juices trigger the pill, other variants could be devised such as aspects where the triggering does not

occur until the pill reaches, say, the small intestine. One could also devise a staged approach where
15 afirst signal is triggered at a first point of progress through the gastro-intestinal system and a

second signal is triggered at a second point of progress.

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
toach screen or other human input device (HID) could be used. The LCD and pushbutton are

merely exemplary.

While this aspect is described with respect to elastic wristbands, other approaches such as a Speidel
twist-0-flex® watchband could be employed fo keep each skin electrode in intimate contact with the
skin.

30 TIig. 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

-4 .



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 MM1 such as LCD 204 and pushbutton 205, and optionally other MMI
such as a pigZd BEEFEPBr other sound emitter. LCD 204 is controlled by R{RtHiH& 134336177 .
Interestingly, a technology that seems rather old-fashioned, the self-winding mechanical watch, offers

possible BEGIS. Rt A RN Ell o ARBIUHUALE0L HES A0 JPROTUNILLG pove 25 around as

the human user moves around. A stron rmanent magnet In the pendulum indtices Currents in a
winding oft{HiAETRER6ED: Trileperanicthardisrabiugseby rberredebibleedil orpertiagsnant
ultracapagiterimediaieghbyipowRmeirauiiny £Qd bBluaiaihkGh QheHREIRCObsYSeIN8):607 can
communicate with.external equipment such. as.a cell phone or personal computer. 30 Fig. 7 shows
bracelet cl ?E)%g X in? %U%nﬁc?t%)h%gl ‘Block ﬁ?‘gée%trlﬁ%l}%fﬂhgé@elfé%ﬂélhfg%‘?%l\}\?ﬁ theré BbftesPond closely with
elemehtshf ARG Heewagtscday 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. WO
2011/094&08&%{1’/%% 2%31&/%%01 %ZA chief %ogl is tobdeitect, at h)e, b_ra_cele)t_lQB and_ wristwatch 102, a
signal from-a pill o this end. the Bracalat may Barry Gt S Teaf tie HEBHS B RANTBUs dtection of
signals at'#e Kkinsafeitoearstl. rélamAd kos commtenpoibe!502uihispddtetivmes WcohD
(analog-taoigitah, Gamueriagsediie By: RGPS (AHSIQNBINGY- ), Rsferableak-agesolution higher
than l106 bits, and the measure 353@62,?' g%rmmunicated digitally and preferably as compressed data) is
In

RV RIS e SWRHEIT 62 FHBL PR AEhNREN e e ieCodt a real-time

_ S
communiRted vis 5 ireresy
nearly comtirauiistdetesticgiof sigridks stttherskinvelectie deo202 refiativeitochumtetpdisesdd?2. This

detectioniigsAntqdR (@ARIAgAadigitabacanysrtadRreferableat Aresqutiapdigherihap 1§,Rits. The data

streams from the two 10 sensors (one, at the bracelet, one at the erstwatch) are then’communicated
externallyt& SIHEP S D AR 3T Cah Y5 G Protub S AcEaredite TS §rerdedt interest such as
the signatframdtheogiiwheithibisdriggecedng 508 apretesiaidar angementaiofthamoise would be
commpn-yRde,anpd the signals of interest 15 would be differential signals measured at the two arms.
As mentioned above, it is rather counterintuitive to take the step of moving the sensors to points that
are about as far from the pill 104 as can be imagined. Once the counterintuitive nature of this

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 6035 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 clements shown there

correspond closely with elements in Fig. 6.

The day-to-day function of the system (the pills, the bracelet, the wristwaich, and other eguipment

such as a mobile phone) will now be described in an exemplary aspect.

-5 .



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 s&{&at 1874 fbmas J Sullivan, Stephen R. Deiss, and Gert Gaﬁﬁ'\?@ﬁﬁ?@’ryﬁ?%ﬁhe 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

publicatiof &) 2005/555%38 ¥ HrIegoauldtradsrarperinformatisn Spstemilidedhioraded herein by
referencahaaﬁdazddﬁa@(&@@bﬂﬁheeaa@@ueaﬁﬂﬁddﬁiaﬁﬂezﬁaelaar?&éigmﬁhaﬂmesazmémeaﬁkewise
incorpor re|n b reference ensin Iood volu discuss tent ap Ilcatlon number
1160 260 T N D B0 SR TR bl o e b A RS

|ncorp%rafé%ﬁ’rféf’éhﬁfb@r‘éf%ﬂé@fﬁﬁéierélaféwmiﬁéﬁbgyﬂ@@iéc@@sé@ﬁ|¥lilq}1$3f1§at€fhftlamillcatlon

number QM@&H%&&@Q@Hl@%&mﬁ@@&@ﬂ@@ﬁﬂ@@@lﬁﬁ@@&@ﬁ%@@@@ﬂ%@" JmgRrporated

herein by eference. A otentlal b neflt mentioned ab?ve the move to the C}/vrlsts eirmlts the
? WILSLW, tc‘B %/I thwat ew1 carries out a real-tilme neargﬁ conuB GO tectio
provision of a workable WHiSts also to'move around more than abdomens, making the

self-windisignfésatiides ﬁkmelmwet@%é@iﬁemupmwge@w@?e ‘Buibtletstionim érestingreigabilities,

however @gﬁﬁ?@éﬂb@t’é@%&m& thestimlusisensingdiatform. of@ bracletangyviistwatch are

availfitgle The heartf gessentlallg a two- e%]e)ctro e EKG) can he measured. 10
sensors (one at race et, one ai the wristwatch} are then comrhunicated externally to other

equipment that can do signal processing and can detect signals of interest such as the signal from

the pill when it is triggered.

In a preferred arrangement, all of the noise would be common-mode and the signals of interest

15  would be differential signals measured at the two arms.

As mentioned above, it is rather counterintuitive to take the step of moving the sensors to points
that are about as far from the pill 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 availabie at all in prior-art arrangemenis 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, incomporated 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 Al 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 entitied “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 §, 2009 and entitled “Body-associated device”, incorporated herein by reference.
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Energy can be transmitted at one of the two points (for example at the bracelet) at some frequency,
which propagates through the body to the other point (in this example at the wristwatch) with some
measured delay and some measured level of absorption, or measured impedance. Separately, energy
can be transHitEd4PHHE of the two points (again for example at the brad&f&ty8t'a1di#siént 15
frequency, which propagates through the body to the other point (again in this example at the
wristwatch) with a non-identical measured delay and a non-identical measured level of absorption, or
measured impedance. This probing of the body amounts to spectroscopy, and permits measuring
bodily quatities soiehiakbarabumesionair e thébb oy s édlivatototaniisteemateralsa In this way, blood

volume capenindinactiyvmeasyseddReal-ime.measysemenbfhisodhyalume has aigheif 20 ever
been ach'%eved exceplt(kf keexein.g a LPatient stationary during measurements, with large, bulky, and

. cature more HKely 1o serve 1 pose, . . . .
stationary measuring eqélljlpment. SI”ffué’approach permits real-time measurement even as a patient is
ambulatory. These measurements may permit real-time measurement of cardiac output or stroke

volume ahibe 2 meaktitkamiliRe-anpraciatesihat org.af Meimpartant prieAlianalysis of data
collected gt electrodes 202, 302 (at the bracelet a}nd at the watchband) is the time-correlation of

measured GAtA Dha HigHE AR IRAY U ¥EGUHES'S 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 tgallQw the WQ&RehIPRE ess exRaNIYALARE JRsspQuer-hungry) clocks that are
permitted to drift relative to each other. At the wristwatch, synchmnization events (simultaneous

detection of common-mode impulse signals from the environment, for example) permit receiving a
time sign&nfrgpethédyraceiétanhichavill it endy@mndérsteadrio makchradlmevalue ddawristwatch.

Drift of ong,glpclopelatienie JieuRtheh ARG ASIEGIRdiABH.SUGGIES IRRISWRn) with some
measured delay and some measured level of absorption, or measured impedance. Separately,
energy can be fransmitted at one of the two points (again for exampie at the bracelet) at a different

15 frequency, which propagates through the body to the other point (again in this example at the
wristwatch) with a non-identical measured delay and a non-identical measured level of absomption,
or measured impedance. This probing of the body amounts to spectroscopy, and permits measuring
bodily qualities such as amount of fluid in the body relative to other tissue materials. In this way,
blood volume can be indirectly measured. Real-time measurement of blood volume has rarely if

200 ever been achieved except by keeping a patient stationary during measurements, with large, bulky,
and stationary measuring equipment. This approach permits real-time measurement even as a

patient is ambulatory,

These measurements may permit real-time measurement of cardiac output or stroke volume at the

25  heart.

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 ranning in each of the bracelet and watchband, the

30 two clocks being extremely closely synchronized.

But in fact it 1s 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 wristwaich, synchronization events

(simultaneous detection of common-mode impulse signals from the environment, for example)

-7 .



5 The wristwatch and bracelet can be stylish. They need not look "clunky". The patient might actually
enjoy wearing a recognizable or distinctive wristwatch and bracelet. The A-to-D conversions at the two
sensing locations are likely 18-bit, but might be sixteen-bit or twelve-bit. 10 Communication from the
bracelet to tEXFAEHIHRYE might be open-loop (one way from bracelet to WaEHBHA&PHILTt is thought
preferable that the communication be bidirectional, at least to provide handshaking. 15 The

communigalian, a8 AR NG CAUBING PIAYANIG RAGY At LGl TIeguancy. RE sianal (higher

than the sensed information that is expected to be in the range of 0.1 Hz to perhaps 160 Hz).
AlternativEHperé the e at bt ah B Ipticaliifinbpiynendotetred aperaigiieg wells and
structuresya0 The MM1 might provide a reminder to take a particular pill. And the MMI might provide
an 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 thn &6 B stdepdimesi cnlbelkeitis el bey rspdredaskierirak o theeBtsatiarghiThe allocation of

computatipRalifeseiirées:Gan hesanedsengwhat aiexamisibmakde 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}zntt toThavey thcowristivateh sirplylprasonsiondithly iffbrmiation shbichiltverebived from the
bracelet. fhenegded bandwidth from bracelet to wristwatch, and from wristwatch to distant

equiq ent, is such at a carrier of 10 MHz should be adequate. The alert reader will have no difficulty
devising myriad obvious improvements and variants of the invention, all of which are intended to be
encompaSsehbyitiicaimshwhieteksliovhe wristwatch might be open-loop (one way from bracelet o

watchband) but it is thought preferable that the cormmunication be bidirectional, at Jeast to provide
handshaking.

15 The communication may use an inductive coupling through the body at a high-frequency RF signal
(higher than the sensed information that is expected to be in the range of (.1 Hz to perhaps 100 Hz).
Alternatively the communication can be optical infrared (bouncing off the surrounding walls and

structures).

20 The MMI might provide a reminder to take a particular pill. And the MMI might provide an

audible or visval 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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WO 2011/094608PCT/US2011/023017 CLAIMS 1 A data gathering method carried out with respect to
a first device and a second device, each of the first device and the second device comprising a
respective electrical signal detector having 5 respective first and second electrodes, the method
comprising tWé}ngﬂ@%gﬂ“BIacing a first device upon a first limb of a living B&dYU$RY HidtHévice
encircling said first limb, the first electrode of the first device juxtaposed with said fast limb, the second
electrode of the first device more distant from the first limb than the first electrode; placing a second
device upon a second limb of a body, the second device encircling said second limb, the second limb
being a lif5 M%Wﬂ@ﬁ%@ﬂrﬁﬂ%‘ﬁ*ﬂéyﬁ]ﬁéﬁ%mé o tioasfimprdesia i sad poset witheaid second
limb, the seeonshelecadeioitiaserand evicenmetal distantframhgisegead limb than the first
electrode; 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 setond 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. 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. WO 2011/094608PCT/US2011/023017
4. The method of claim 1 further characterized in that the first limb is a first arm of the body, and the
second limb Y& XEGHEErm of the body, and wherein the encircling of thBG¥8tSaeiigasebmprises
encircling a wrist of the first limb, and wherein the encircling of the second device 5 comprises
encircling a wrist oldie second limb. 5. The me cht claim | wherein the analyzing step comprises
detecting at least one of a signal and a communication associated with an ingestible device ingested
by the body. 10. The method of claim | wherein the first device has a rechargeable energy storage, the

method fqrtnea@spgm{aﬁmmﬁt@@&h BAVNE HL%J&% limky and-canyerinsmmeveentipfthe first limb
into electr]‘lttlza% en electn ene %rechar %the reihar% eable energy storage. 7. The

Gadiopit BISEthicar dighafs A |?%gt“8]e‘%ﬁ?§t%ro}?ﬁﬁﬁ%es 15 carrying

method of €laim 1% Eé?élln i%ﬁe measuring o
out an%naim%fgﬁai@mm%%!mgﬁm tathedteemmibegribedigitadiand wherein the measuring of
electrical signals at the second device comprises carrying out an analog-to-digital conversion, the

second data stream being digital.. 8. The method of claim 7 wherein the analog-to-digital
conversioP-1akd PRCE AT ALETTEN & 20 4r9a8y dik it SRS SnerRins AIPOF R 1 wherein
the analyfirsgesteprdoni gridest daviyengontad eidctratirdibgtarhemeasd rdrtenkwitheéspect to a heart

of the bodit, 22 19r e Methethoftaimel i e HrRmRKsing the steps of: emitting first electrical

enerqy within a first band at the first device; detecting the first electrical energy at the second device;

placing a second device upon a second iimb of a body, the second device encircling said second
limb, the second limb being a limb other than the first limb, the first electrode of the first device
juxtaposed with said second limb, the second electrode of the second device more distant from the
second limb than the first electrode;

15
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 thereaf’

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.

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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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 comparing the
detected first electrical energy and the detected second energy with each other, thereby deriving
information &F iht&t&8i4fbut the body. 5 11. The method of claim 10 wheF&iR/ H§@%idB381 eriving
information of nterest about the body comprises inferring a ratio of fluid to non-fluid within the body. 12.
The method of claim 10 wherein the step of deriving information of interest about the body comprises
inferring blood volume within the body. 10 13. The method of claim 6 further comprising the steps of:
inferring &-lekhsi B¢ e sfcaiaicti(iherdieapietyes ahiheh e b dirddsel dictrival ehbedydsmid 5
communigatiag-Haaiintasresienehof physicalaetiyitnademalie e fissudavigaiand external to the
second dgc\)/l"ii(}:erise%élhgiq i met\%% Otf tﬁlgaillg‘gt}x%gth%{ cgerg%r I& IQ gngheIStegf fé’: Zeo ey [n'u‘mcatmg the fl.rSt.
data stream from the Hrstdevice fo the second devica: Wharei e S Ran i M Y arried out within
the setorf@rdeidesencirgingrherisioflibdsefaskalimi4 wherein the communicating step is carried out by
means of nfrared 25 light communications or by means of high frequency radio frequency

communicatjons. : , . , . .
g. tlul-)ua method of claim 1 wherein the analyzing step comprises detecting at least one of a signal

and a communication associated with an ingestible device ingested by the body.

1®. The method of claim 1 wherein the first device has a rechargeable energy storage, the method further
comprising the step of moving the first limb, and converting movement of the first limb into

electrical energy, said electrical energy recharging the rechargeable energy storage,

7. The method of claim | wherein the measuring of electrical signals at the first device comprises
15  carrying out an analog-to-digital conversion, the first data stream being digital, and wherein the
measuring of electrical signals at the second device comprises carrying out an analog-to-digital

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 at least 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 {irst 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 electrica] energy at the second device; and

St -



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; the
first device sWALEAEHE kircling a limb of a subject, the first electrode of I&HrEd&H88disposed to
be juxtaposed with said limb when the first device encircles the limb, the second electrode of the first
device disposed to be more distant from the limb than the first electrode when the first device encircles
the limb; the second device shaped for encircling a limb of a subject, the first electrode of the second
device dispBeatindiseilisian Ssedlovir et g Reievelabesnaddavize witiciasie stias limb, the
second elaeirpde-af e sesanddevicerdispeseaiadqs. more distant from the limb than the first
electrode when the second device encircles the limb; the electrical signal detector of the first device
responsive to signals at the respective first and second electrodes, yielding a first data stream
indicafiveldf dldiffstberte Biwederviseisigivaisraritieirupiettivefirsamiesstonaieledindges; 15 the
electrical sigipaksatesionof the §gg9ﬁd&@,\,§l@@ﬁp§gﬁmﬁéemgg}§ignals at the respective first and second
electrodes, yielding a second data stream indicative of a difference between the signals at the
respective first and second electrodes; the system further comprising an analysis means, said
means respoRsivectorthe fistndataystraatheaty 20dthigeddivdrdata striegmsifarodetivibgiinformation of
interest ahoutthe Q@gynggegh%@ﬁtmgf{gg@m)m where the analysis means is separate from the
first q vice and separate from the second device, the system further comprising: 25 a communications
link from the first device to an? equipment, and a communications link from the second device to the
equipmeniy. Ti8: M¢thodydtdnmob bidirer t6whengifiehefirsf:device further comprises a rechargeable
energy 30 storage, the first device further comprising a means converting movement into electrical

energy, said electrical energy rechar_ging the rechargeable energy stora?e.
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;



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 WO
2011/094608PCT/US2011/023017 the first data stream comprising said digital data. 20. The system
of claim 19 WH2 AR & %halog-to-digital converter has a resolution of at IBE3{WExeEREIE. 5 21. The
system of claim 16 wherein the first device comprises an emitter controllably emitting first electrical

energy withig. a fir e fi Vi nd controllably.emitting second electrical energy within a
second bg%o?l 1{% éﬁ??‘?r%éig%e&}n{:%c ér{iz&sﬂ]e%é?l%%gﬂés %gﬁéﬁefggﬁﬁeéﬁg%%t%égﬁcf @t wherein the
second d8FRBESMSrisseny W tsktordisptseeididist teivitesutrieathedvmhyizrdadnd second electrical

energy; theanalysishneansdispaseddocomnpaedhendeatesiad fivs slachigalangissangddhe detected
second e&%r%)é{vgith each o}he },etﬁlegeby deriving information of interest. 15 22. The system of claim

18, wherein the a‘ﬁ’éﬁ%f?ﬁﬁéﬁns infers a level of physical activity of the body from the converted

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

and extermaktocthri2d-seaand e vicec23 . The systamel claiml evheiein thedirst device

nicates the first data stream to. the second device; and ‘ )
commu gg’pose 10 ge juxtapose w?t’m;aldﬁimb when the second device encircles the limb, the second

electrode of the second device disposed to be more distant from the limb than the first electrode
when the second device encircles the limb;

10
the electrical signal detector of the first device responsive £o signals at the respective first and
second electrodes, yielding a first data stream indicative of a difference between the signals at the

respective first and second electrodes;

15 the electrical signal detector of the second device responsive to signals at the respective first and
second electrodes, yielding a second data stream indicative of a difference between the signals at

the respective first and second electrodes;

the system further comprising an analysis means, said means responsive {o the first data stream and

. 20 the second data stream, for deriving information of interest about the body.

17. The system of claim 16 where the analysis means is separate 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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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
WO 2011/094608 PCT/US2011/023017

the first data stream comprising said digital data.

20. The system of claim 19 wherein the analog-to-digital converter has a resolution of at Jeast

sixteen bits.

21. The system of claim 16 wherein the first device comprises an emitter controllably emmitting first
electrical energy within a first band at the first device and controllably emitting second electrical

energy within a second band at the first device, the second band different from the first band;

10 and wherein the second device comprises a detector disposed to detect first electrical energy and the

second electrical energy;

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 I8, 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
conununications channel or by means of a high frequency radio frequency communications

channel.
30
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