El ect rocar di ographi c nnnitortng systemField O The Invention
5[ 001] The invention relates to an el ectrocardi ographic (ECG or EKG

nnnltorlngnﬁﬁﬁbegkaackground O The Invention 10[ 002] pleq Féﬂﬂh&ﬁﬂ%e

i s one of e nost conunon norbidities. The cost of care

recovering patients in hospital and social/econom c burden from
patients ‘with .. underlying heart disease that is undetected has
significant inplicatien in the | ong; term cost of healthcare.

[3] I'n 2006, the cost. for healthcare in the: United States rose to
$2.1 trillion or. -15 16 perCeRtr Btgrtntécef’wt%ﬂ%%@m c product (GDP).
This correlates with the fact of an agi ng popul ati on and an increase
of chronic diseases,. which account for nore than 75% of the total US
heal t hcar e cdld Of fhednention; s to a | arge extent due to the aging
society and a nore sedentary |lifestyle. [4] 1 However, this
devel opnent is not restricted to the US but is morldmnde :

20. . pr &bl ei n [0at Best Hinvsatien ggbies atrd a@ewepmarﬂgogmhm (E€E" ar eEKG)

faC|ng Heneg,onfloridBl@imchal l.enge in healthcare is to nore
efficiently provide high quality care for an increasing nunber of
patients using limted financial and human resources. [005]On

account of ' gg%y?ﬁyﬁ F%ﬁﬁg &MPden death cases oecurring in ;the

young- and appar peopl e during routine exercise, the need
for a o A .

10 [002] Heart disease i is one of the most cotnmoﬁ ‘morbidities. The cost 6f care
for' recovering patients m hospital and socml/eeonormc burden from pattents w1th
underlying heart disease that is undetected has- mgmﬁcant 1mp11cat10n in the long-
term cost of healthcare. o
[003] - In2006, the cost for healthcare in the United States rose to $2.1 tnlhon or

i5 16 percent of the gross domestic product (GDP). Th;s correlates w1th the fact of an
aging population and an increase of chronic diseases, which account for more ‘than
75% of the total US healthcare costs. This effect is to a large extent due to the eging
society and a more sedentary lifestyle. ‘ |

| . [004] : I-Iowever this development is not restricted to the uUs but 1s a worldw1de

20: problem that both developed and developing countnes are facmg Henee a rnajor
challenge in healthcare 1s to more efficiently provxde high qualtty care for. an
increasing number of patients using limited financial and human resources. '
005] ° On account of widely ‘publicized sudden -death cases‘zoeeurring in the
young and apparently healthy people during routine exercise, tbe need for a

25 personalized ECG monitoring device that can be readily worn for cardlac

survetllance is requtred
Sumntary O_fj.Tlle,Inventijon '

30 [006] A According to one espect of the in.ve'n.tion there - 1s prowded an

electrocardiographic momtonng system mcludmg a housing conﬁgured to be



25personal i zed ECG nonitoring device that can be readily worn for
cardiac surveillance is required. Summary O The I nvention

30[ 006] Acqpp siingisk® one aspect of the invention, therepigsBiRYHEdeHE an
el ectrocardi ographic nonitoring systemincluding: a housing
configured to be WO 2011/115579PCT/ SG2011/ 000105 'attached to a
creature body part, the housing including: a plurally of electrodes.
confined Wthin the boundary of the housing, the plurality of

el ectrodes arra d di stance.- apart from each .other and accessible
froni:; a sarff83dp i?oFm%tH’ref% Rt theehgwsing itprduding: s pjrelitypploeleaiiodes.
confi gured t cohf&l Wihif i Wusddry OMRMuARE Y iR & eldcliBdes Srranged a
plurality of electrodes and transmt signal s-]tj;o any one or .nore  of
the pluralitydigmnceg|apat figheach gHer and pogpssible frem acenmiel extarier swréace oftfeni t
signals fromilGnglaaiahl HORERS Sl W leodife i1 ORI ﬁértongfo ot/ PR
enbodi ments,. he term "el ectrocardi ographic nitoring system. may:
refer to one Rbfralifiyrad clpstrpdss sndi eosmib sigeale it ammetie qrrowe of:the, plurdlity of

el ect rocar di (e ' ' . | ectrical

Fepr csontat | opeapece g fanbiid: ShBRR P (R Bll Al PSR
tithe. ECG in@0dat edn theecontest af vanidwtdmhodimenise tHeetrmt “aleciravedidpephies

in different ot S - the muscl e, and .Can neasureind diagnose
abnor mal rhytfﬁﬁ]ﬁtéﬁné)%{eﬁxﬁa@?fkkﬁ B Ee. e IR lﬁg‘f .%JO ﬁ%&&é&%ﬁ?"éﬁs by
.a cyclic  oceclectrenaoiogrim (BCGerBX @) dijmathi vhizhend aff elechies caprasemtht of

(QR$ conpl exes, . P.and T waves). .These | etter . R .S P and. re
arbit r@r' y - naﬁifee%q‘ng?-qg? ?%IW?Y \92_?118 "fﬁa’é‘ﬂ“&ﬁ ﬁ%)(?g grf Fate t}I‘:e(fé‘e aﬁd%g}% 15‘38.e
nunmer al 1302 thehekitgnd eeddpsseslinalifficredR pambfthenieit naseldf anHﬁbfaxE hsire and

succession and reflect a,single eyent, so are thus noymall L
considered A¥EA°it PW&%B’F%‘? °§%5%&%g€g}r;§g} s E%fiyf%gﬁt?ﬁébms
(]:- (2)r’rpl eii. A @M&V@cﬂarﬁeélaﬂyf gawmaadith di@fel'eﬁgﬁ'le@ﬂn@f ¢ntend (@ S\/@Mﬁplgﬁ!@, P
,wave i s an war ef) ection the. ve is any dowward _ -
def | ecti on af"'{“g& PRHER %\g‘??%&e“ﬂrﬁ%eg g’c%’tilr\% FIG oIy apmop e to Evs.
conpl exs. , 10@8fectibnd ih e EOTrA% (se@humaral (302 ig PRl Hg.ntrﬁé Q! Renll §vive
"housi ng" m% mean portabl e s_tructﬁure havi ng suitabl e di nensions that
al | ow the hol&{Ph{f EBIOSCEFUHEIHG! & sinple sy b0 B pupBamally pRasKEadi ng
may have a | engigholertotpRx! 20B&vadS obrsQGBeforOthe DI RInGpIC M (gwmeqédt h
in the range of 4 to (?c f.or exr%g%)rl e 5cm _and a height in 5 the
range of 2 t sdoymyasd d S afteg HavSBcfh R-WaAveo an drpadi dedlpgtiontand
housi ng nmay BRI RAKEs AnyidwhWaid oS n S86 hOR.wB e hePYafd occls GAl ﬂ%&
poi nts, the housing, ‘has a: length of 6cm a breadth of 5.5cmand a
hei ght?of - 1. BERRY vpmalx- cont ext of Various enbodi nents, the interior
of the "Housi PghsFONtIRI S ikt St YRMus RIBEEIRAEVED Fordy” ABIL1 Ry, AL 2NY
ot her electr ilr‘g)af conpongnt-.s rie'qUiIr];lgd to protg’;y’%- aerll-'lgl ?1?2%?1%1?&3@%%6
signal s, so B¥tabls siyetrrediaving snitahleglimensions thatgjow the housing to be attached to
2011/ 115579Pg{e§§?e0|;01141%99.1953 housing may have a length in the range of5 to 10cm, for

example 7cm; a breadth in the range of 4 to 8cm, for example Sem; fand a height in

25 thejrange of 2 to Scm, for exérnple around 3em. In one embodilheht, the hbusing
may not have a uniform c:ross-sec"tion, whereby atfgréatest points, thé housing has a -
length of 6cm, a breadth of 5.5¢cm and a height of l:.Scm. In the coritext of vanous .
embodim:cﬂts,' the interior of the housing éo:n_tains the signal éprocess‘o;r;:. ‘the
ﬁaﬁsrﬁiﬁér anﬂd any othéf electrical components i‘eg@iired to proc:‘psié and transmlt '

30  ECG signals, so as to monitor health status. .



[009]In the context of various enbodi nents, the term"el ectrodes” may
mean any el ectrical conducting material having any shape (for

exanmpl e, si¢bRsn1skfd angle, circle, square) and having §a¥,se§m,@[§,?

as long as they are able to detect ECG signals. In the context o

vari ous enbodi nents, the 'electrodes detect ECG signals in 5 a
non-invasi ve manner - either by direct contact on the surface of a
body part; or indirect cont act t hrough docking to netallic contacts,
the nmetall'ic ﬁﬁ) tac%g bei n ) a‘pt_ed t jrectly contact the surface
of a body parlP%I[ 00 hl‘eri"’l1 ’ét ofireys e Fsoﬂ’§ &b otlFatReAtSS mayHeeaper m

"boundar y" rahgare&cﬁ»iaaltmwehgm@ral Bhvig afXSHRPE for SIAC SRS, hidfale,
housi ng, so that. the pe PB‘iimter of the external Osurface sur r aunds

the plural it e suae Byying, v dmgrsien a éﬁ@taséh?)b?l‘ﬁlab}? tofdeteneECG
plurality. of g %hﬂ@t IO Sorfi®Y of VRiotd maﬁh&@%l&@%&%s ﬁaﬁteﬁfiﬁx‘?&&%%ﬁm'

surface. -[0011] In-the context of various enbodi ment

"si gnal® proc@d9Brinvasg masaer weithstiby direch semsras cpfthe sifacelof rhgdy part; or
electrical c e

o o r e RGBS IRANE & ia) Lorefls BCRLERISRAANT E
si gnal proceﬁé@fﬁdﬁﬁﬂlrﬁéb'@fbwt@hegmab@ of pbodyepeyt. - one or nore of the
pl urali ty of (ﬁh@Ct rﬁqﬁéc exttr ?OQ{B‘UE Bﬁb@%h]ﬁs tﬁeo{nﬂlal'nMOUHHaefgpr%eg‘SDEOethﬁf

the plurality of electrode he si prodessor
i nstructions pcmngg‘rtff@nrwcwﬂabgﬁacs eﬁthe howsingyérethet the péﬂl’ﬂeten‘tﬁ‘tt]ﬁdmcﬂdrﬂﬂlls

ol ortnt a1 s PR I By RN, EORLST 1B AP o

at one or nopbrqmrcbﬁadmgrpdwmdy lichtong itgnatimplencfihs eterfsltsinfaki ng -one- or

nore conpone e ele t ocar di_ ogr aphi I’lItO[‘l st eny .such
as the trans@\bﬁ]er Int © ERYORE VEIOURSPRe ‘g‘g‘e{‘tﬁ’e BIEPaS fﬁ“%‘ }chesso may
el ectrodes. iHean smgduﬂb c@rabieeﬁ santroltiny ﬂﬁeelamcammknpﬁﬂém@ E\Joﬂﬁeﬂiefpﬂnﬁahty

integrated cigguitr C) entire fabricate Ie chip

t he cont ext 8# &em dg fh@ﬁh? h’?nsfné%eﬁhh?toaéﬁ/ cou?ﬁ':f’ tﬂ%l‘ “8?'}@‘3’o¢‘e
more devi ceSmgﬂmatprcpxremr deay Rbeifpy Giga4lS iffdgh Emm@hé @ﬂSnc&élGJﬂ R pAdiley DAND,
or CRIoglcgls tra S|stors1 sistors, am':{g |nductors and
the 1i ke, ThECHiRYFS" BRECHCUGIS R S6hHRT Tambrodiribs piie el slectodss
exanpl e usedThesifda pikOLESBiYEkeORE Hs@EktOH totﬁérihﬂlea%@d"ﬁlqu%@%ﬁ%ﬁ{ A
mernory used_.in the enbodi rren E@gg be a vol %nl |l e menory, for exanple
a DRAM ( Dy naftf insHEFPSRPRY be£1 oy programmablsn_The)legi F?él“ﬁ%%?ay refepy

exanpl e a. 3%%@6@@&@1&1’{%&3 ﬂ@wa&@tﬁl o kiudNBAD FAé)flowdRarts 168 t ope or

Er asabl e P EEPROV ectrjcal |y Erasable. PROM, or:'a fl-ash
hermr >;0 .. g W&’é’?’l Yﬂj}g Ségnal procesg/or activating one or more components of the

A electrocardlographlc momtonng system such as the transmltter and any one or more :
" of the plurality of eIectrodes The signal processor may be an apphcat:on Spec1ﬁc
integrated cireuitry (ASIC) entlrely fabricated on a smgle chip, 1n the contexi of
semiconductor technology. The ASIC may have one or more dev1ees that pr0v1de
25 processing functions such as AND, NAND, or OR logic using transmtors resistors,
capacitors, inductors and the like. The signal processor may compnse a memory
which is for example used in the processing carried :out by the signal process‘oh A
memory used m the embodlments ‘may be a volatile memory, for exarnple a DRAM '
(Dynarmc Random Aceess Memory) or a non-volatlle memory, for example a ..
3 PROM (Programmable Read Only Memory), an :EPROM (Erasable PROM), E
EEPROM (Electrically Erasable PROM), or a ﬂash memory, e.g., a floating gate



menory, a charge trapping nenory, an MRAM Magnet oresi stive Random
Access Menory) or 4 PCRAM (Phase Change Random Aocess Menory).

[0012) I n th&201503ERXt . of various enbodinments, the terg&,g'ggﬁﬁbdba@iy
E Yy I'n

refer to CG signals or any other signals that may be use

the nonitoring of the ECG 5signals. [0013] According to one aspect of
the invention, there is provided a nethod of |ocating a QRS conpl ex

within ECG data, the nethod including: receiving a signal having ECG
data; detecting a first occurring peak val ue; detecting.a first

mi ni:mum val udSRENA FREESIFEPRIRE PimoRk 2 IMRAMMMigaptoregistiehandam, kocess

conparing t hmé_rﬁcr@}ortammragtlasé@hﬁ@@kamwgc&&%&;ﬁﬁgﬂi ni num val ue
agai nSt -pre-determ ned : QRS conpl ex paraneters: and denoting the
first occurrit¥dZipealt theicqatestinef yanounembedinenal the tam Rigaald @y werttoons

respecti vel y peie Rl Br blieothli $inaROEM hiy 6k BEAKL a¥hlifioRRS of WSEC
m ni rum val ue mat ch the %no’lf Sar anet eyqugc of i;ilﬁé eprg&-ﬁﬁgggrom-ned %?S
conpl e¥ par ag@rde.s. 15[ 0014]Ln the context of "various ernbodiments,

the term"pr terpl €0 r, . ) refer to.pre-set
cUt-of fo wt FUGRs dr apmg R e BRBIELSE Sook bR o Bl
great ert han kgeing a Q8BS iehptes orithim§CGalatn theaspluat indfidihh eredeivigni sigiml I
there is proyi Ki . I nterface-bet n'an. el ectrica
contact and g%&?e? g@?ﬂ%&é d%g%{&g A FEEHPRE T g?v:%g&mg 23? [CPHETHY an
el ectrical codtactcupingyirideth the fiest hausingpehiavilng cothparing itanBrstdccavihg g
attac'hlgent_ t body. part; .an el.ectrode | ead ted- to

contact a. cr g%"’_tkﬁrv gﬁlsfgrgd(’)gk}e prg'?f'{r‘,?u“&n&ahﬁa AR PFFG Wﬂ?g pFBYPIERJ
on either or pirahbtesf atdhienaingahs fisadccneing pedk @ne ahld heghighiunodgud #ad t o
?L;g\.’v fast eniemncp Qb Fc;[c\z{\go%rs] r%srf)eectgrle yc;[yfulanc %Lthc g t 1r_scttj @c%ggin:[g hpeealg_lvzeil%Ea ra%gﬁethéa
minimum value match the R and Q parameters of the pre-determined QRS complex
parameters. , o . ‘. - .
15 [0014] In the context of various embodiments, the term “pre-dé:termined QRS
complex parameters” may refer to pre-set cut-offs V.vith QRS durﬁti%on greatc_::r than-
70ms and QRS amplitude greater than 250uV. A | : '
[0015] Ac;;,ording to o:ne aspect of the invention, there is pr(év:ided a docking
ihte_rface;betWeen an electrical contact and an electrode lead, the dozpking int@arface
.20 - inci:u(i:ing an electrical cohtact provided on a housing having dhneﬁsions all;)'wing
' att&chinénf tog a creature Body part; an electrode lea_d adapted to qofitact a cfeamre
body pait; and a fasfening mephénism providéd on. éither or both: of the ele'éstﬁca_i
contact and the electrode 31:e:ad to allow fastening betjvlveen'the eleét'ri%f':al ;:ontaéﬁ and |
the electrode lead. ‘ . | S - '
25 [0016] In tﬁe context Qf various embodiments, the term “dockjﬁg ;intérface;’.may
refer to a structure for allowing an ECG signal detecting device to be removably
attached to a body part where an ECG Signal is .to be detected. In; the cont{axt of
various embodiments, the term “electrical contact” Ihay refer to eleétrodcs, located
on an ECG signal detecting device that is adapted to be removably ét_tziached to a: bbdy
30 part where an ECG signal is to be detected, the eleétlj':)des allowing :a.an'ECG 31gnal to:" '

" be transmitted for processing by electrical com.péo'i;entS within ‘the ECG"'éi‘g'né'lj



25[0016] I n the context of various enbodi nents, the term "docking
interface” may refer to a structure for allow ng an ECG si gnal
sdetectin 4,0 be renovably attached to a body p

ECG si gnaﬂvaﬁ)\qﬁﬁ%e detected. In: the context of vari ogéhger%%)‘iglﬁweﬂﬁ ts,
the term"electrical contact” nmay refer to el ectrodes, |ocated on an
ECG si gnal detecting device that is adapted to be rerrovabl y attached
to a body 30part where an ECG signal is to be detected, the

el eotr Odes al ] owi ng_an: ECG sirgnal to. ... be transmtted f or
processi ng b)f‘e@F‘étEt‘f’ei"E‘ﬁl %eﬁﬁeﬁeﬁt@ VeS| embofimeatsGhe Simyrisglectrode lead”

detecting deviferefet o eta@aodepataexre laina déoﬁleét G %, E&% whbddCarl BE
| "el ectrode | ead" may refer .to electrodes that are di rect contact
with a body pinel isyieches detertedr (e slegirasles aowing ke demcale@mache; fasten
el ectrodes algomh K el I t r so .t hat
t he el ectrode | ead ar?d te hggg(?(fgé%ralaggpﬁcon{rlgélt 0%%% agegseétargtf Serurds. In
struct dres. . therostexhef \@ummbodinmariheMnEMMEmﬁchm1mmhﬁfdﬁar to a

"fast eni ng far struct hat
el ectri cal coﬁn;Ltftgeiﬁc}%f%Hgt Seﬂg ;glc rPrlg‘%l%o ad %%gte ‘?%deaﬁ ?’fjogsffét“ﬁcﬁ’aﬁl e
manner, ontodaadtablomtaener,cﬁxﬁ@dathr)r di ng to one aspect of the

i nvention, thel i ded circuit duce noi w t hin an.
[§iA ok fre gy A
ECG si gnal , CI rcm fr’%ﬁ OnXfeLHP TG ANV ERLPY- ThRtSUS PEYMSA rGRiEde t 6
receive a fi rslhcdz(ﬁﬁissngitlah and BICES ergﬁﬁlcehd rt&uﬁxtryoiﬂtlu&ué ed fphﬁlat-}ecifﬂiuve a
aV|ngatr er function,

second .ECG sr nd an a filter

t he aggpt ive %agfl feg% &5 é§a$toé¥ﬁé‘%?# AP TR IP U W%d foefeesignt e
i nput,” wher ebseotECGr dgaf;eind ah wasstive Fileehiviadh ShFeraGEBOAI MY aligptibe
first ECG si the, second ECG signal ,to produce co-efficients

for the adap ?fecol”ﬂd efl dp the, grimpry figpet ‘"H’Hl gg rﬁﬁf{eﬁ?%m&’lﬁ’e vherely thecegnsisr

si gnal and t h@cﬁ@mmdﬁ%a&ogﬁﬁé t0 th@ﬁeﬂﬁoots@m FOG SRR ERQ ViR 1o
reduced noi se. Eé,?% In_the context of various enbodiinenta,l . he

term"circui Pmd‘r‘fﬁy’c’ P Fs o prlandveatilfer Khat dedyee goke yithiny thorﬁe%t&ﬁ?ﬁ ng

entitys whi clgiahindife SR6%d E(tGQiéﬁﬂOt%%uﬁth HLEEE Yighhl havibE RAESE Abise.
executing software stored in a nemory, firmare€, or any conbination

thereof. ThU8Y1§ln Jdn BRywaEre st Va-§°uscﬁméﬁﬁlﬁ’e#&ythﬁeteanheﬂiréuw | bQ)gI c

20 circuit OhindarsRioQds AV & 2108k Smfléth&itink eSHUE W
. processor; e_.grS g " mcro roacegsor]ﬁé‘(d ke 9 lﬂatlgi}pllgé%tru tl on Set

Corrput er (Cl Seepitgy tfcaeggoetsserexacma gekvare ﬁ%?djelt 3 tmmeet, fmwpm er ajusc)
processor) . Anifbh thefRY TheQ il dnbodBhaf easaetm%‘?%td £194-52%k0 WS

e.g. any ki nd of coininiter program e.g. a conapu priogram u ng a
vi rtud? ' macHicHE o dderogrammabls legig cuglat/awhmy& progiaimgrablei piokesfor, 26g. 4

i mpl ement at 'ﬂf&r@froctaﬂgr (E2 gﬂe@Bﬁ‘t fex f Eﬁ&f‘§g"@6&ﬁht&" @S&eprgg%ggr ol%ed

in Mre detail. bel ow may understo
accor dance vﬁ?qﬂc%llﬁwmﬂna&d \f@nwmotﬂRMtprocessor) A circuit may ‘also be a

. processor executing software e.g. any kind of computer program e 8- a computer
program using a virtual ‘machine code such as e. g Java, Any other kind of
25 implementatiott of the respective functions which will be described%in more detail
below may also be understood as a circuit in accordance with:an alternative

embodim_ent.



Brief Description O The Drawings [0019] 1In the drawings.; like
ref erence characters generally refer to the sanie:Parfs throughout

the di fferaptohiR¥es. The drawi ngs are not necessarilypEpsésd]fnios
ef fi phasis 1 nstead generally being placed upon illustrating the

principles of the invention. In the follow ng description; various
enbodi nents of the invention are described with reference to the
follow ng draw ngs, in which: [0020]Figure [Ais : a schematic
representation of an el ectrocardi ographic 10nonitoring system
according to an enbodi nent. [0021]Figure IB is a schematic

represent at i g§}id@DedRintlof O e TrdiviiPs aphi ¢ nonitoring system accordi ng
to an enbodi nent. [0022] Figure 1C shoWw a flow chart for a nethod,

accordi ng to'.an .__er_rbpd_i ment, to I_pc,at e a QRS ;;erpl ex within ECG dat a.
15[ 0023] Fi quig19il3 fnSthe Braelde ML rrefeRRY &ﬁl%&k%f['g'ef?é}al refoPto the samie parts
el ectrocardi ographi-c nonitoring system according to an e _od?m._ t-

[ 0024] Fi gur e thrpughineiibe differenpyiewsnTlet drawings areinet wicessanily taiscdleo griphabis ¢
monitoring s : i gL - LOg: AR ' ' {0

[ 0025] Fi gur e¥1§kgg]ﬁ§g$@y?%sr%e%%esgﬁ‘?/lpgﬁgt\?v%&%p Vi @&v&g‘% -aﬂlé'fm leml\ﬁhéw
of an ECG 20mtwniolloringgegtapiiag varams embodiopeits ofi theenrntomrenatdescribed with

[ 0026] Fi gure A and.3 espectivel y show a bottom view'and a
perspective \%?fegr\?vnca‘ogﬁgo%&?'&rﬁ‘lvltnésr’%ﬁhgﬁlﬁigvi ce, according to an

ei nbodi ment . [00R@27] Fgger A 3i€. s hohéndtiverdpresaitition of allelectd2ardioMaphiV/4,
V5 i “_.axo\.’“?; EC%o_ln&?rgngl s%%% iac?c%?d_‘mg to an embodiment. |
| [00211 : Figﬁre IB is a schematic reprcseniat_ioh of an ele_ct:rocardiog'raphic,
moﬁitprii:ng sﬁstem according to an embodiment. t |
: [00_22]“ Figure 1C shovérs a flow chart for a method, according to an embodiment, .
to locate a QRS complex @"ithin ECG data.
15 [0023] Figure 1D is-a schematic representation of an electrocardiog'raphié
monitoring system according to an embodiment. | ‘ '
[0024] Figure IE sﬁows an implementation of the electrocardiographic
mohitoring sy;stem of Figﬁre 1B, according to an embodiment. |
[0025]  Figure 2A and 2B respectively show a top view and a side \f_'i_ew ofan ECG
20 moﬁitbﬁng de:vice, according to an embodiment. - . |
[0026]. Fig"ures.BA and 3B respectively show a bottom view and a perséieciive
_ view ;d:f the ECG monitorinig device, according to an é:inbodimeﬁt. | c
[0027)  Figure 3C shows the location of V1, V2,V3, V4, V5 and V6 ECG lead
locations. 3 : o R
25 [0028]  Figures 4A, 4B]-aind 4C respectively show a top view, a boﬁom aﬁd;& éidé
view of a:1 docl:cing pad hawfing docking electrode leads, according to a.n embodiment. :
[0029] Fig{.xre 4D shdws a schematic repreéentation of a 'docil-cing interface?
according to aﬁ embodiment. o - |
[005"0]:. Figures 5A ands 5B reéspectively show é:to_prview and a bottom view-of a

30 | dockixjg j)zid having dockiﬁg electrode leads, accordirig to an embodimf'é:nt.



25[ 0028] Fi gures 4A, 4B and 4C respectively show a top view, a bottoni
and .a side view of a docking pad having docki ng el ectrode | eads,

accor di ng v{,@mﬁglnfs%odl ment. [0029] Figure 4D shows a S?Eﬁ%&%{il‘fmoums

representation of a docking interface, according to an e

[0030] Fi gures 5A and; 5B respectively show a-top view and a bottom
vi ew of a 30docki ng pad havi ng docki ng el ectrode | eads, according to
an enbodi rent . V\D 2011/ 115579PCT/ SG2011/ 000105 [ 0031] F| gure 6 is a

schematic re tlon- nal processor, acconli.ng to an
onbat nent | TUEAE] RIS ft ShemE o BnaE ohh HighParesios pesording to
conventi onal a};%ng,b@i@idlode W red systemthat is used to measure an ECG

si gnal . [0033&}3 Iqure 7B shows an ECG S|?nal hayi ng noi se: arising from
msoul ar tred¥32l | figm B gheves wisestypicllyorrrsen paanhtionatildjefegtrode

| mpul se Res PQfitci@ybtbhlat {sivsé b med& s OLAERG sfgﬂalan enbodi nent .
[0035] Figure 9A'is a schematic representation-of circuitry, according

to an enbod¥838ht , Fisyrer 2B shewnehi ECG wignal having BOS stiginglftom muscular
[ 0036] Fi-gure @Bsks @ bl ock diiagram of .a circuitry, according to an
enmbodi nrent, that can be used.to address interference |evels and al so
noi se wit hi n[¥4ECCFighndilis a block diagram of a Finite Impulse Response (FIR) filter,

according to an embodiment.

[0035]  Figure' 9A is a schematic representaﬁon of circuitry, aicoording' to an
10 ‘ embodiment, .to reduce noise within an ECG signol |
. -[0036] Figure 9B isa block diagram of a cxrcmtry, according to an embodiment,

that can be used to address interference levels and also noise within arj ECG signal.

[0037] Figure 10 shows a signal where baseline wandenng is prescnt

[0038]  Figure 11 shows a flow chart for a method according to 2 an embodxment
15 to locate a QRS complex thhm ECG data. ,

[0039]  Figure 12 shows a flow chart for an algonthm mplementmg the method of .

Figure 11, according to an embodiment. '

[0040] Flgure 13 shows an exemplary PQRST complex

[0041] Flgure 14 shows a network where an electrocardlo graphlc momtormg
:20 - system, according to an embodlment is 1mplemented

[0042] F1gure 15 shows a light and mobile telecommumcanons tool, according to

an embodlment

Detailed Desoription'
25 . '
[0043] - Emoodiments p}ovide for a simple non-obstructive, mobilo, light-weight,
cable-free, electrocardiogram (ECG or EKG) monitoring device that:' communicates
wirelessly and continuously with, for example, a: mobile phone for j'd::u‘.a collection
and analysis. The ECG momtormg device provxdes a personahzed oard:ac rhythm
30 detectlon and heart rate monitoring device for rehab1htatmg patients recovermg ﬁom

heart dlsease management as well as individuals that are conscious _of :thelr heqlth 1n_»



[0037] Figure 10 shows a signal where baseline Wandering is present.
[ 0038] Figure 11 shows a flow chart for a nmethod, according to an

enbodi menkyg 4R P1skecate a QRS conpl ex within ECG dat a. P&l’/@éﬂhﬁh(ﬁl’dse
12 shows a flow chart for an algorithminplenenting the nmethod of
Figure 11, according to an enbodi nent. [0040]Figure 13 shows an
exenpl ary PORST conpl ex. 100411Fi gure 14 shows a network where an

el ect rocar di ogr aphi c noni t or i'ng 20system according to an enbodi nent,

is inplenmented. [004 F| ure 15 sh ws a_ljight and nobile
tel ercn(;m*runl ca"(‘?‘@l[l 9%88%&%@11%@0“%61mh@dmliected

Description 2fata R84 SEH'J&PEU arB%ﬂttraﬂ sﬁfr&‘ﬂ)ﬂ%m%&[‘m%aﬁ'aﬁﬂyﬁs and case review for .
non- obstructi ve, nobile, ht - wei ght | e-free, electirocardi ogram
(ECG or EKQ) %Pﬁ%?&re@waém? 8Y OCRERY BefhRRmBmatc id ihe patissisyor aerion at

cont i nuousl| le@rktfd}’earf(%fnrogfﬁﬁmah@ orcempOPiskvaigne for data collection

and analysis. T noni't oring device provides a personalized
Car di ad 't hyt H4dhdelreens rossibladpiisation, fetRCGomnitonngdpvite victoets Elsptrical

rehabilitati [ r r agene S0
LSO ) SRR e BEOUSL LGl UBERHs SAETRT IS
and duratron of vanous ECG waveforms. Through long-term recordmg of the heart

beats, irregular heart thythm and periodic irregular heart rate will be detected at rest
_ as well as during exertional activities. By comparing collected data agamst historical
10 data of the same mdmdual an accurate prognosis can be made by physicians and
evrdence-based symptom management can be recommended for t1mely mterventronss .
ina tarlored manner : _
[0045] : A system incorporating the ECG momtormg devme can be used for
continuous monitoring of heart rhythm and heart- rate irregularity” that may or may :
15 not ‘be coincided with sy‘mptonuc complamts (e.g. palpltatron, syncope
breathlessness) of patlents Through the analyS1s of’ long-term data trends collected
a prognosis can be made on the heart condition of the patients. Thrs may’ "entail
intensive management of ongoing disease through pharrnacologlcal means or pre-
emptive interventions of developmg disease (that may or.may not be symptomatlc to .
20 thepatrents) _ _ _ '_ o : - " -
[0046] The system allows for non-intrusive and s1mp1e momtonng The ECG
momtormg devrce is llght-werght mobile and cable- free with sensors that attach to
the chest of individual for direct electrical signal detectlon The- ECG momtonng
dev1ce has in an embodiment, three electrodes to prov1de for a Lead-I or Leacl-II i
25 conﬁguratlon A Lead I conﬁguratron measures the voltage between the left arm and
the right arm. A Lead-II conﬁguratlon measures the voltage between: the left Ieg and
the right arm. The detected signal is transrmtted wirelessly, for example via .
Bluetooth to a mobile phone that acts as a receivér for contmuous data for data.
storage/data display and rélaying station to a central server for m—depth data analyszs o

30 and tracking of data trends



wei ght Managenent and cardiac fitness during exertional activities.
The coll ected data may be stored in a central server for long-term

dat a anal y&h $9fisfase review for di sease progression EB@EGﬂ?Y/O(BEuany
not be synptonatic to the patients or person at risk for early

prognosi s and pre-enptive interventionS. [0444]In one possible
application, the ECG nonitoring device detects electrical potential
fromthe left chest of users, digitizes and filters data inclnding
anpl it ude an? (ﬂgf at 'é{on of various ECG waveforns, Through‘ |l ong-term -
recor di ng- of &l heYpiousesmbediments adsq| addresseepripuy issuen af € doapdity ofiREG

irregul ar healdctrbdk € wick bhip BRnsleL&RL8Y aélfthers_?é%n_fﬁetw@énl th@ etk ggag%nigcél

exertional actjvities, By conparing collected data agal nst hi
10 data of t Aedusesnsienifieanily.ddhmotiom ansifstsr witle ther migimugh supber delevarddesby

physi ci ans angdg epidensadbagsadasy nage e a 1 ecOrMVended
for tinely inter-vgntes;%.ons in a ta%?‘geﬂaémﬁaﬁ%eg&gﬁ&% ggg%s ae%r%%smqn -
i ncor pdr at i ngnterferEe@nddritt gsnéradprdiavinpd]; sizsapeckazes bading électoonint éirungys’
nmoni t ori ng of : : L rate d.rrequl ari that nay or
Ty 15 not beeeD e ieatkitT Bl Ml @'sBstibl SAMIBAE Rf apfifie Hhkch
pal pi tati on, ofF§€bpayeibmeat riess rmbsedimerdts pHowelot ry, Tt cuig tbis-Rulated -

anal ysis of | - ' a trends-.collected, .a ognosi-s can be: made
on the heart'ef(%g%od%ﬁo?ﬁg%%p?rﬁognﬁlﬁeil%ﬂyal%‘ﬁipg’l?f%ée PP 1O Wtensi ve
managenent of0048jgoi lngwidli be appretiared Ui phramomanhegils; alsedHaNGe Qklevant

pree ive interventions of devel gpi hg di sease, (that may or nmay not
be sgqrr%t omat ¢t & 20th Ocﬁﬁ%pf“éﬁsstk‘& Sf’?ﬂ%ﬁ%ﬁﬁ%ﬂé@*’siﬁmpm%ﬁm for”
non-intrusi vi@0d9ld shippkelAvisi & aichdightic ThereREGHRNbE Gk | e adeMieErapiic

| i ght - wei ght bi | e and ﬁfbl e-dfree, vvittgj,sensors that attach to the
chest of indf SY$eR g7 T aE0rdmed? o prebAdingsitnal + det ectii on. The - ECG
noni tering d@osdle Hasan idmbdAin@AROG NBEdttrocdrd1b@8pHRt GRENPHRS dyReRr QY1 de
for a Lead-l.og} Lead-|i .25 confi ?,ura%i on. A lead-1 cOnfi:guration . -
measur es t hel"YBFAgR Houtilie 2t sratigwed tar bs, afpried He # icgpstirarhedy part.

Lead- 15 conf Thlicibing RSIRoREEES phaifity/sH e\ RE61R S ENESHnM @}tﬁ}ﬁfﬂl{e ﬂéégd@? d
or

the right arm. The detected signal is transnitted wirelessly,..for>
exanpl e, vi aBRASCBIEG 110 The Bl efiderirodesalsdaae aranged adivsicq aparf or

conti nuous dfbm eﬁ@rothdﬂ%@a&&é@%@e&?&:ﬁﬁ%ﬁ@éﬁ&ioﬁyﬁrﬁwlfﬁ'oﬂﬂegi_gus?ﬁéfsiz?”
to a central ,server for in-depth data anal ysis 30and tracking of data

trends. WO 20EEAUPratspEY SEonlayo TemsIvEsEaTs iomanyicneer metrnfithent s
al so addr esspiualilyQf$lebSsdis 350 ind(bhsrhif 88hd1d {o¥in§onEEnore of the plurality of

20 electrodes 154. A transmitter 158 is configured to transmit signals from the signal
processor 156. _ S : .
- [0051]. . Figire 1B is ja schematic representation of the electlibcardio-gfaphié _
e A.mbﬁifé;ﬁhgﬁsyétem iOlzof.Ei*j‘igu‘rQ IA ._ . , . |
[0052]' Similar to Figq:l;e 1A, the electrocﬁ_rd.ib.g:réphié 'xﬁonitp:ri%g systcm 101 §
25 includes: the housing 152 conﬁgured to be atfac;i:led to a créﬁt?ure 'bod}-' part
The Housing 152 includes:j a plurality of electrodes 154 confined \xdthin the bo.L.lﬁd'ar}}
of the housing 152. The'plurality of electrodes 154 are arranged afdistance apart
from each other and accessibie from a same exterior surface 1525 of tl%e housing 152,
The signal processor 156 is configured to receive signals from any t?me or mbfe of

30 ' the plurality of electrodes 154 and transmit signals to any one or more éf the



el ectrodes to pick up signal accurately as the spacing between the
el ectrode spacing reduces significantly, (2) notion artifacts with

the m ni mym 700f el ectrodes and | east spaced el 90?69@620111000105
arrangenent, ﬂ? presence of noise, transm ssion interference and

heat generation in snall-size packages having electronic circuits,
and (4) the need for conplex algorithmto baseline wandering for
aceurate detection of ECG waveform Various enbodi nents all ow for

dry, wet and |o |n trodes to_ensure_perfor.mance -
integrity af th c?lﬁfigﬁ‘%é%dgsﬁﬁ‘é tragsraijiena {38 Poronfigyred i franspt signals
appreci at ed tﬂqﬁ the@@mrpr&uggsfedés, used mthe rel evant 10dr awi ngs,
refer. to corrponents that _serve a simlar or the sanme pur:pose.

[ 0049] Fi gur e 0053  sFiguzech shamis that dsy rlwraliy of ielpatresies 454 may include. at  least
el ectrocar di Qﬂ-&@%g}ut: efE@t’ilédeQr(lm §3§]§%H]1gkflg ggl ggto sgncﬁﬁlgnals to the’

embodi ment . . 100501l n an, enbodi nent, an el ectro

moni t oing s yigpalmragasor hg: LiEl@SJlur@llthoﬁdﬁwgd@SlZ%wm@me@d eleotrinde 154C
attached t.0 Q,CHRAIULS QAN teiR@if - 15. The housing 152 incl udes:
plurality of el eg?trodeslspé%mtcon lned within the boundar y: of the 5
housi ng 152. [0PA# p| Figarei iByshofvs dhae ttersighabprobessar1s6 anaydndeatt adifeschadic e

apart frome sj b S eri r f:ace:
1856 ot the. s Shie LA BEEES et 3D YRR e AR 4t e B R of
recei ve si gnalestrddeortﬁanﬁhem'@nolrpmmsmrdf%trh@ mbhdahlshytraeforehxemt 166kes
154 a tran al 0 n t he uralit

20el ecllar odesé%jledslﬁgp’r a‘%génﬁcl‘tl Zrm g’ &ér Eg‘ll’fell nghgoS‘%“gl Plozﬁ??é‘?fl/t%sl“@ﬁal s
fromthe si gigludprancesglifier 1156a cbﬁ;ﬂ&ﬂldzlﬂg:um:trlaoﬂ sirduits Cesemt Tie signal
representatign of t?ﬁq el ectr.ocar ﬂiﬂg raphi ¢ _noni torl syst e 101 of

Figure. 1A POGS3{"sHR &V g i, Tegtgraton gt L hiocthe

noni tori ng sympléfier 1564 A% thmeduﬂ:detSr cirdift hepeai %e%appfbtésﬁwﬁst @y be
attached to a | 152 i ncl udes

h
ol ural i Ly of SRR OIS S FrRh HBoRPIR A Dy e o hertine

housi ng 152. re‘ﬂﬁﬁittﬁh letra.l]t li}ﬁbﬁf Pﬁ@ﬁ@fa@ﬁ@%eﬂ@l%ﬁﬁa}a{nﬁﬁﬂgﬁ%@ pgéssﬁlﬁzflce
apart from eﬁg{g@o accessible froma sanme exterior surface

152s of the 48 b P % hete A Sesocliase biaseeticyit e glbensnsb
receive si gnpﬂo&sﬁdrmaﬂ@y RBAdOEn BRIEeTo 3QtREoR Rl FéMc %u;f?écﬁ&;ttﬁ@des
154 and transmt sgﬁga% tE(%/one or nore of the plurality of
el ectrodes 19¥ Pafhidlirl3 Elﬁth trangmygiter 45 fi:o?lﬁsgeiﬁlemoqeesor { ¥y include
si gnal's from héiRrabligtd! 1SBEO@APRATS the I6ka Q%%lrEmgwﬁ%ol%lém{lﬁ Bt
t he pl urallt}/ of electrodes 154 may: include at. |east
20 56nc coupled to a ground terminal electrode 154C of the plurality of electrodes 154.
:[0055] - The distance between each centre of the plurahty of electrodes 154 may be
- less than Sem. The shape of the. housing may have a Iongest length of less than: 7cm
" An equal dlstance may ex1st between each centre of the plurality of electrodes 154
' [0056] " The plurality of electrodes 154 may be arranged 50 that each electrode
25 (154A 154B and 154C) is located at a vertice of a tnangle The trlangle may be
equilateral or may be 1sosceles The electrodes 154 may be arranged along a stra1ght |
line, .
[0057]  The electrocardiographic monitoring system 101 may further include a
receiver 162 to receive signals from the transmitter 158. A processoré 166 is coupled -

30 to the receiver 162, the processor 166 configured to process the signals received

10



three input electrodes (154A, 154B and 154C) configured to send
signals to the signal processor 156. The plurality of el ectrodes 154.
may i ncl uggn #1418kt rode . 154C configured as a ground pberaERRlmoo10s
100541Fi gure 1B shows that the signal processor 156 may I nclude a
differential input buffer 156dib coupled to at |east two input

el ectrodes of the plurality of electrodes 154. The signal processor
156 may include a subtractO circuit 156sc 10 coupled to the

differential jnpyt buffer 6di 8 The signal processor 156 may
i ncl ude an anéﬁ? edtansrger 108uph dipley 16%his counbed-tg dhegrrocepsor 96, theskisplay

The signal priegessipureha6 sKRYECO @M A RSlid it eably Ahelehaiir B, C i t
156brc coupled to the anplifier 156a and The subtracCtor :circul.t

156sc. The silfiv8] plBeessever 16Bahermrpcsserr|166lanchthe display d6%inasbeioeated in
156vbc coupl ettt aneoatmbi: fFosl thd :‘1%’5‘1%? o 1 ' S hESLPEAL joN
circuit -;156brgg The si ﬁna.l't pr?qcesgg% GZM@GE@%Z%J@%&VQ%&&’SQ& éri
filter 51561 pfunaptedolievingdeviens! # toraputarFemvenpunebile devibe aglea bimamiter
circuit .156) - The r§i €SS - ncl } :anal paue to
i gi tal conver it B SRl BEASERRTb, knPpld: B ot B0 BPE:
the transm t teobilg BioneThED4| yablet gndedgsggor 156 -may i ncl ude a neutral
circuit 156n pl £d .to .vol t age bi.as.circuit 156vpb t he neutral
circuit 2015@#@9@%% ea(%‘ £ %’ggd;l rélFlguﬁ%mfnerurlﬁ Ir?&f'lmellig(:t%%d%le%ﬁ@g’&gm?ﬁé
plurality of mehgotingpdetem 194, mi0dEhide Tipeweki sduacc @6had Woeer @RC bignal

centre, of the plurald.ct f .electr S 154 may be | ess than 5cm The
shape S thePr °8552r?in§3 %%&eﬁrg{}sémgerﬁgﬁgest | ength of less than .7cm An

equal di st an{0860jay Bhes trainetiteretse aanite niigralsOlsigh @nyploné @k ithote OIf the
co that s : eadtloapit egersb ELICE ahedesd oot s oy G5l Gl i B0
vertice-of . Mobilei Gfnenicatidas)t Evaligng bivkRdythpSE 8l adRfalibn)O rHI®mYA be

30251 e of leRSERHIP R e S5 B Bty i e

includg a  local ardaeGeiwogk Jsbik BEECGEL.VE @hhdicatidd OMdd@s); WiMax
transmtter &8. A grocessor,l,lgtﬁ is coupled 30}0 the receiver 162,
the processof™B&Vds dntFrgpsraligiop Mirawave Aecesyypratosols basehamcthe Ry

the transmit 8ex.151568003 Aadld-50!fay THGORES WRbIRLC Perbthal NG ePNOLESHRO(1L.R1E6,
t he di spl ay &g%@onfi gured to show ECG data fromthe signals reéceived
Y

by the recei g Fuch’ 2p o&sgeph doW ooy diE {rgdio fipgueped cepssting 118 61S¥hd

the display ghdhsthiad¥ciBRiflcQaadhRichNbadRy 8dpior m 170 renmote from the
housi ng 152. The platform 170 may be anyti ne or, nore:of the

fol  o¥Png delPeMs: HEgwenurshowsar o, chart kibiferea geethahi acgerding to an
Conput er t er giiakment18 16%12ial SREIGH A& Wik BEGAIAY, One or rofe of the
follow ng detiices: a _nobile phone, a PDA, a tablet and a | aptop.
[0059] I n an 888 di nir{72shgnal baving Bt data i§ reefved.e| ect r ocar di ogr aphi ¢
moni tori ng SpeRM L4 7BYESYLiR PeaRURE iHRHERE 165 to power the
si gnal 10pr(s)[§e53§or -156 and t he tlf%_i sm tte?&%%&: o R L
[00.64]; "~ At 176, a first mim’mum value occurring prior to the first’ pcc_u_rring peak
25 value is detected. At 178,‘ the first occurring peak:vaiuc and the min:imum value are
compared against pre-determined QRS complex parameters. . _
[0065] At 180, the first occurring peak value and the minimum value are denoted
as R and Q locations respectively when both the first occurring peak value and the
minimum value match the R and Q parameters of the pre-determined QRS complex

30 parameters.
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[ 0060] The transmtter 158 transmts signal's using any one or nore of
the foll ow ng nmedi uns: EDGE (Enhanced Data rates for GSM (@& Oba,;;l
System f or, fgommuni cati ons) Evol ution); bl uetoot lﬁ(l bifd10s
ggnerat [ on ME{%& (Hi gh- Speed Downl i nk Packet Access)EJ P%Eﬁ ﬁong
Term Evolution); WFi (Wreless 15 |local area network using | EEE
802.11 comuni cation standards); WIlylax (Wrldw de Interoperability
for Mcrowave Access); protocols based on the | EEE 802. 15. 4- 2003

standard for Low Rate Wrel ess Personal Area.Networks . (LR - WPAN),
such as Zi gbd8966] oy AsdRerthminimyma; ‘@Wr@ﬁf}d@rﬁﬁy?te@p%tha@ Ingation dnfMf the

(industrial, Iﬁnlrﬁﬁlh'valhgoﬁﬂfsm ﬁgljg)deﬁﬁéaqn fvafl r?%gln%% 1] Figure 1C

shows a flow chart 171 for accor I ng iment, to
| ocate a QRS [8&TpI e>Atv1/|7ﬂ hndllE‘i;@l}dmeepr I{l@@@ﬂ}he[mﬁﬁié]:urﬁng fE2R and tisi fiystal

al
ot ecreq ¢ THBTAYAGERES te phloich Bl el hlihe RERHHAIIHBREE J Wi
the first -oc mﬁlffpmglqbeqnlatl% Tl m&‘enemlalleqmtmmay/&'e aXit& ordeh €ifferantiftion

occurring pe value - val ue are: conpared :agai nst
pre-determ ngtkllf%g% &lndorﬁ"ég‘gﬁ]ﬂgwg ™ [0065] At 180, the. first

occurring peddo6spl ué‘haﬂﬂthbﬂmamﬂri:mlf&ﬁﬁﬁc?ﬁlbldete&h@ depeidestak: Kaia@?&ueﬂ@é(}
I t when t.he, first. occurring peak val ue an
e i mum L1 e LR deo s Tt b ATSRE e P rioBoce e
QRS conpl ex 3fipanAirehles dccurkil Abiddudkid ABPRTIoSHREA ki P80 BQ&tE@Qﬁﬁlh@t

I be denpted as the | ocati on onl if the
180, t he m msgc}’(l)rrpdvn?inljn?umnavglue %enoted as an S locat:onQA third peak valueyoccumng

subsequent to the S location may be detected and the third peak value denoted asa T
location. |
[0069] The second peak value, the second m1mmum value and the third peak
value’ ‘may be. respectlvely denoted as the P, S and T loeatlons only if the second peak
15 value, the second minimum vahie and the third peak value occur w1thm a pre- deﬁned .
interval from the R or Q location. o o R
[0070]  Any one or more of the second peak value:, lhe second mlmmum value an}l
the third peak value may be detected by processing the signal havixfg the ECG data
using a differential equation. The dlfferenual equatlon may be a_first’ , order
20 differentiation followed by second order differentiation. In an embodlment a first
denvatlve is obtamed for the ECG signal, where the ﬁrst denvatwe 1s set to zero andj'
the resultmg equatlon is solved to locate turmng pomts within the ECG 51gnal A
second derivative is then caleulated to determine whether the turmng pomt is a peak
value or a minimum value : - : |
25 [0071] The following process may be reiterated: detectmg a peak value occumng
subsequent to an earlier peak value; detecting a muumum value occurnng prior to
the peak value; comparing the peak value and the minimum value against pre-
determined QRS complex parameters; and denotirlg the peak value aad the nﬁnlmum
value as subsequent R and Q locations respectively when both the'pea?k value and the
300 nummum value match the R and Q parameters of the pre-determined QRS complex

parameters
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m ni nrum val ue occurs within a pre-defined interval fromthe peak

val ue. [0067] At 174 and 176, any one or nore of the first occurring
peak and §f@afiififsy9m Ni mum val ue nmay be detected by prp@@,g@td]gog{,hg
signal having the ECG data using a differential. equation. The
differential equation may be a first order differentiation foll owed
by second order differentiation. [0068] The nethod may further include
detecting a second peak val ue occurring prior to the Qlocation and

denoting the K v P | ocation. A second m ni nmum

val ue OCCUI‘I‘I[ﬁ@&E gﬁﬁﬁ? ‘?Pg&t‘ﬁ’@’p xl%a‘?‘i%ﬂ“ﬂ?ﬁ%%@“ﬁ@ﬁé’@t”éé“&%alﬁ he
10 second miTHeMproide@inbiged] GGVAS nd§ RNcompaf@aidafie thf pridbEmBRak Qra! ue
occurring subsqu?ejnt to the S laocation maiiq:be -detected and the th| rd

peak val ue deBPEY PAEMSter tp delgmpipnportiens @9 W@‘@eéwdﬂéﬁkalﬁ'matt@amh,he
second ni ni mym mltdﬁepxaﬁdmgh& fldichfbnP68Y% medicaflcHiRdHadh. bg‘hégﬁ g&élrgl
denoted as the: .Sand T locations only if the secon

t he sedond mlﬁtemhmambaé mAltirlenef Ihsecendscfor evmde apdutagervintltiply of 10

pr e- def i -ned |ng§§§/§,}, hiak 09 BEIRndk ation.. [0070] Any one or nore
of the seconds peak vcalaue t he Sseco(r)ldg‘ kﬁgﬁl mum val ue and thhe third peak

val ue may be [#&8kct @dmwwmeégs pevyrring@csl vphad ardatié mipinhe valie a@aim
using a diff i al uati.on’
first order %@E%éﬁ%r cet??ét ?‘P%lretqp %ﬁqgtfﬁéﬁﬁﬁcﬂesceo@g‘ﬁg dglusi%lnegr oue Xr more bf

di f ferenti at itemfollpwingn aw irbagdi presessingatebinigte, Heristiatiétoreninsion b asingdnf or

the ECR si 9”%{ﬁc¥¥‘l‘ﬁéu‘?altlélmﬂe%ﬁet% gerl vative is set to zerio and. the

resul ting equation ocate taming points wthin the ECG
signal. A se[ﬂﬂﬁd] deThevfitst veuiringtpealn valad end tibaminintungl@iles Map de\Whashaer
the turning i s a peak v, ue. 25[0071] The
f ol I 'owi ng prg aéréssan 58 e ?13*;%13:8 eteﬂ@t‘%@@ﬁ#ﬁoﬁp B’éﬁﬁawgkrﬁé‘“ﬂwﬁi ng
subsequent t migimueniRSe ampkiale, VQRB eintethel, eBR | in@ral, NPRI fahigd, @ Ufiterval,
occurring prior to t e peak val ue and t he
i ni num val ué%8 aﬁ%‘é{ﬁ%ﬁgﬁ@t %’?‘adrﬁoﬁgﬁuc dﬂcg‘i"é{; paraneters; and
Flenot itlmg t he[opasik vmelttuemgrtd Fggwehmnnmwmcwdawlao@@hwﬁslﬁwﬁ%tsyd?e@ndl Q

oCations res Lve ! val ue a t he 01 m.pimum
val ue match Fﬁ@%ﬁd‘y@\% 3 rlgtegi‘get fﬁg lf?tt‘%eeﬂeat“e'g?ﬁmféhw%and an
coi npl ex par aketce $ead. _ ‘

[0076]  The docking int'erface 182 includes an elecjtnca] contact 183 provided on a

housing 184 when having :dimensions allowing attachment to a creatut'e body part, an
20° electrode lead 185 adapted to contact a creattlre. body pazt,and a f:is'tenin'gi
. mechanism 186 provided-. on either or both of tﬁe:electl‘ical contact 183 .and _the‘
electrode lead 185 to allow fastening between the.electrical contact 183 at'tci the
B _'_electrode lead 185. In Figure 1B, the electrical contact 183 and the housmg 184 ‘are
. shown to be- prov:ded by the plurahty of electrodes 154 and the housmg 152—
25 "_- respectlvely -However, lt w1lI be appreciated that in another embodlment (not
| shown), the electrical contact 183 and the housmg 184 are those from another ECG
momtonng system. :
[0077] The fastening mechanism 186 may inclode any one or more of the
following structures: snap-on buttons, clips, magnets, studs, adhesive%pads and hook

30 and loop (Velcro) fasteners. The snap-on button may include a stud and popper.
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WO 2011/ 115579PCT/ SG2011/ 000105 [0072] The | ocated QRS conpl ex may be
grouped into pre-deterinined intervals. The pre-determ ned intervals

may be CoRpgbRdAgRI Nst the pre-determned QRS .. corrph,ﬁiclseﬂﬁﬂﬁgﬁg(%r
t c

to determine portions of the pre-determ ned i nterval s at mat

mat ch provi ding an indication of a nedical condition. The
pre-detennined interval may .be a nultiple of 10 seconds, for exanple
an integer nultiple O 10 .. Seconds; such as 20 seconds and 30

seconds. [00 np t f|r t occurrlng peak val ue and the

ni ni mum val UZE’JJE‘E- I‘C“ﬂ'f IBE °or§ P HOHE VISR Sfrf ERnabanshbe eroyidegy
be conduct ed Theid@uiGHE] 88rindlBMeS aOfrichd?@ ifAt hOMEaTizuRA th TRIR Y HSERELNY
technlque heurlstlc determ pati on or _using an fuart|f|C|a neur al

| ear ni ng net wi§PRL 19108 7alFtenee mppisif2qoaliewed ip 1sesike 9 apqond BRS simeal 193;

m ni mum val uendiaaYadkfiveBiikh 494 3G@hE Al radSftr AR, .
pre-determ ned ??S %lrrp | ex par arret%rs co rr| s?ng ﬂ%%ﬁ%‘rﬁ %ggr -1.94 '

anpl i t dde, ot torthe Primpry inputd @) and tpReferange lnpU}TlQanmml the transfer
constancy Of ﬁBBtlbIlp GaE X@hst@ Qgcoﬁﬂﬁgs Loafh%yﬁr&f E88 sl%ltap hy f" d the secoqd&C

15[ 0075] Returning:to Figure e el ectrocar ograp .C: noni
system.: 101 migpalflgs tapro um@b@&blmtscfocﬁe n@ptlvﬂ ﬁt&é@éthﬁﬁﬁd@ehmemtﬂn

el ectrical- Ecan gpl t gi% % 7ngeC{%u
interface 18 I@f DS rtlfléga mll&a B p?ov‘f g&ng:%mgnal
housi ng 184 \Aﬁiahawedgsed mm.snsln cﬂr@nﬂjoﬂmmh@oammﬂmmm e drcait®aABEr €
body rt, d‘?’ C ad. .1 ada ted to.contact a creat
body IBlgrt an gwfi as?‘eﬁﬁ% ﬁgo%ﬁsésgrhar?l s é'p 18\9?%&’3‘3 g’nhaé{F fl}‘fect‘rc'd?ryglég h
of the el ect ptwhledhothbaigﬁalbﬁﬁeaaﬂl%he el ect rode | ead 185 to all ow
fastening be ?e el ectrical i act and I ectrqde | ead
185. In Fi gu&%@ “ef'ectr ?csaﬂ’er{’:"’gﬁt 581'65 1%8n ﬁ%ﬁ?&?fﬁ’ggrfe&c are
shown to be pronmrdgdssb;ent he0 ptesrdihg ty aaf elﬁﬂoﬂﬁ'ﬁd’nﬂdeﬂle d1&droadidiobiaphic
honi ng: 152 respect |Sve Y §|o er !EEZ]G %g@ J&a&ed that . in
anot her enboJCREESHEPN) M@“ ° AR e’@f"?‘ 06‘55 Feeomampicetse
housi ng 184 M&trdnbnﬁﬂﬁwﬁél@ﬁlyﬁdﬁﬂbbﬁfnuﬁ@m@ldtfbhhflgo system [0077] The
fastening nme is cIu mor e of 'tihe .
9 l(l‘.‘lgglﬂ r’L} atira n¥1 may e an portal?le computmg dev1ce configured for.
data collection, storage and analysis, such as a moblle phone, a laptop ora tablet PC
(such as the “Apple 1Pad”) The platform 120 may be any one or more of the
following devices: a computer server, a mobile dewee and a computer termmal,
20 Information in the platform 120 can then be transmitted via existing telephony
networks to another remote processing dev1ce 122 (such as mobxle dev1ces or
‘ personal computers mobxle or static computer servers) for further analy51s .
[0081] - The ECG momtormg device 110 has. a housmg 102 conﬁgured to be:
. ’ attaohed toa creature body part.. The housmg 102 1ncludes a plurahty of electrodes
25 104 conf"med ‘within the boundary of the housmg 102 the plurahty of electrodes
* arranged a distance apart from each other and accessxble from' a. same extenor
surface 102s of the housing 102, In the embodiment shown in _F1gure lD, the
housing 102 orovides the ECG monitoring device 110 with a simple and portable
design, which;is non-obstructive, mobile, light-weight and cable-free.
30 [0082] In the embodiment shown in Figure ID, the interior of the holising

contains a signal processof 106, a transmitter 108, a power source 11’:5_and any other
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foll owi ng structures: snap-on buttons, clips, magnets, studs,
adhesi ve pads and hook and | oop (Velcro) fasteners. The snap-on

button nmay,A a stud 'and popper. WO T 2011/000105
2011/ 1155%‘%%%’ 011/ 000105 [0078] Circuitry 188, to reduce norse

wi thin, an ECG signal, may be provided. The circuitry 188 includes a
primary input 190 configured to receive a first ECG signal 191; a
reference input 192 configured to receive a second ECG signal 193;
and an adaptive filter 194 having a transfer function. The adaptive
filter ,194 iekcEispipomgonestsipauind fapipsess fdransmio EERcsignhls, youks ¢y matitor

i nput 1 9 2, Wheligl Radibe 'f}feaﬁb%\te? ¢ lﬁ‘gé Y&t ?O%grsstﬁlscélggﬂgﬁrﬁf:e%iogcﬁ%r Q{dnﬁll

t he fII’St ECG signal and 3 to produce
co- ef ficient §alﬂ5(mﬂtférH88adapt ive fil ter 194 that reduce n01 se Wt hin

(e o R R SR B A i B
Fi gures113, wivee efitheplitafity of&&cmﬁﬂes 19 ovdi tehesiit Elgiidhatophp cgesmfeﬂor& Gﬁthe
However , cifcuitry 188 VI I.n.t.he

si gnal pr oceé@éa??féggie?ﬁ%%§ gdié t}ﬁﬁ [’ &{?e%tcwg}’fﬁt ﬁ@sél?‘ﬁ signahn
of an el ect rpmaesslmog)ﬁapbcasses s:gnm@ﬁedewed rfgm:syssts@mtdﬁﬁy aﬁd:&r ﬁiibfkgoﬂ tBe AN
enbodi nent . ra hi c ni tori E)g gest em- 100, j nel udes
an ECG noni tB 1§’ 8@6’%& OGS ft 951 SqRTet Khichimay be
Wrelessly aadbemaibﬂwﬁvysﬁmable a platform 120: [ 0080] The pl atfonn 120

may be any p bl thin devi c ured for: |

da%/a 8i ectﬁa%“el a s ;\ﬂgpg,sﬁpgfegngHQ §“5§"‘rr5‘§1“11% from the, signal

| aptop or a f;n%b&s&ir RG. (Fhe ﬁa@sﬁnﬁshﬂ mAPBE &y £30onk- or TRAGrePd At FHIIBWERY
may be any one O rT%P O _the follow ng devices;, a conputer server, a

mobi | e devi cBedNEsa EDGH: i(Frhansed; Daaj 13t fop Jp$MoiGigkal ofiysiepp ffoyeMobile

pl at f or m 120CeafuhidfibnBEEIa{ds ) ibhietdtty 38 (@M %hbﬂago&)ehsﬁiﬂﬁz%@eéﬁé@d ks
to anot her renote proce53|ng devi ce 122 (sue devices or

personal conpavelink Packel Aceess), LehEatlone dsmpJivehutiewy WAFis wiredgss 11Q9|ﬂ1t tied
anal ygis. [ OQ@ddrk. Theg EEBET®OLY O EdSnalGYdticR égaglahﬁ)s “ﬁi\/l’a USY, ?02

configured to be attached to a creature bod}; part. The: hou5| ng
i ncl udes a phgﬁr%efqbyl%foréﬂ@maﬁﬁégcess) protocols ased on the IEEE 802.15. 4-2003

standard for Low-Rate ereless Personal Area Networks (LR-WPAN) such as

Zigbee, low power RF (radlo frequency) operatmg in' ISM (mdustnal scientific and
medical) band or cable. : .

20 [0085] A receiver 112 receives signals from the transmitter 108:' A proces.;‘.br 116
is coupled to the receiver 112, the processor 116 configured to ,pfoci:ess the signals
received from the transmit'ter 108. A display 118 1s c:dﬁpled to the pr&cessor 1 f6 the
display. conﬁgured 118 to show ECG data from the signals recelved by the receiver

_ 112. . In the embodiment shOWn in Figure 1D, the recewer 112, the processor 116

25 and thc display 118 are Iocated 1n a platform 120 rcmote from the housmg 102 The

- platform 120 may also send the ECG data to another ‘Temote processmg dev1ce 122 .
(such as a central server) wuelessly or via cable connection. Lo
[0086] 1In the embodiment shown in Figure 1D, the ECG momtormg dewce 110
proiddesla personalized cardiac thythm detection and heart rate mo_mtormg device

30 for rehabilitating patients recovering from heart disease managemcnt; as well as for

~ any individuals that are conscious of their health and can be used to accurately
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25104 confined within the boundary of the housing 102, the plurality
of elecircides ... arranged a distance apart from each other and
accessi bl same exterior surface 102s of the hgug

t he enbodl%vn(éa%(ﬁiné (5)7\7/5\)[1 in Figure I D, the housing 102 progl ggﬂ]tlﬁ%llzg&
nmoni toring device 110 with a sinple and portabl e design, whichis

non- obstructive, nobile, |ight-weight and cable-free.: 30[0082]In the
enbodi nrent shown in Figure ID, the interior O the housing contains a
signal processor 106,.a transmtfer power source 115 and any
other el ect MRAUAES WEighbrANHon aaor oo laF (f t?fﬁ%@é%%g g¥rationalpedivities- c e
signals, So asildcedraanl da®be Eteehtuha SlefHoHSmodil€ 1 ROMRhe BOU EdRitdrim: RINE' S

t he si gnal processor 106_and-the transmtter 108. [0083]:The si gnal
processor 10819 dsdiykyisendingn yable signa) &rom e sieaal prosassanli6dn thegremesy e
of the pl ural iffoquRf 1@he6t 4 r f or
norel- of the-plurali ?y oﬁegﬁg‘c%@o%iggiegéfﬁntﬁﬁlpgaﬁ%hgQ%bzxo ?w‘ﬁpaﬁa. n
Fi guresl D, t igealysiyymad  capy gevies ofor 1digapy pressession sthghaay peceiyvect beom
or sent to a lity of electrodes 104 in
accordance tgﬁgﬁ%aﬁmgﬁégﬁgﬁgioﬂ\%ﬁmghﬁnﬁy be enbedded or: -

progr ammabl e[008U[ 008 ERE wpuitesing tdewice 108 deeectsoﬁirw;hrceﬂ dranbneaafstmat

ongor “mor o BRSO QRS0 Sl nolfial BAASTHBS) B T éss%a”y

GSM ( d obal &gg:tzeqlmridﬁlthmy the m@mirpmnessatmﬁnﬂ‘)le Eatmbmﬁprmes)amﬁmimﬂetaﬁd)t h,
3G (3rd enen n DP. k Packet .Acc

R T TR RE b e e S S S e

| EEE 802. 11 mnmhlthahe labeVeS:hamdaedjdev;ceVﬂ‘; apable\of, litesubie heart rhythm and

| nt er oper abi | .for (o) Access rot ocol s based on.the | EEE

802 15" 4 SooBHisie, Hiceher GPAT St (i devieredoa” 581 &b R Y Pk s

(LRl- \é\II\D/IAE\I) dsemalnncmsl aEtlg:lneeBylceﬁtpﬂmg&hd e?lﬁnﬁm@ug@e%fceauaawm ﬂmggftgxg%g]gA
in i ndusgt.ri sci en and nedi cal and, or

recei ver 1123?'%82}1\?65%@& ’farnoar?f“trﬁtg ArogrRef e by mfg%g y physicios aud);

116 15 ewdence-based symptom management can be recommended for tlmely interventions.

[0088] Figure 1E shows an unplementatlon of the eIectrocardmgraphlc :
monitoring system 100 of Fxgure ID, according to an embodlment for- cable-
free/wire-free electrocardiogram detection and aneless data traxllsmlssmn to a
receiver or a computer. . | o _
20 . [0089] In Figure 1E, the ECG monitoring dettice 110 is attacheiti to a eteature
body part 140 (Figure 1E shows that the body pert.140 is a portioxt above the left
nipple of the chest of a human being). Preferably, the ECG momtonng device 110 is
: attached on the Jeft side of the chest of a user to detect electrical potentlal of the heart
‘between contracnon cycles, wherem the electncal potennal values- -are dxgmzed and
.25 ' ﬁltered to prov1de data bemg amphtude and duratlon of various ECG wavefonns " |
| [0090] . The ECG momtonng device 110 transmlts w1relessly and contmuously t6
the platform 120, being in the embodiment shown in Figure 1E, a mobxle handphone
The display 118 shows the ECG signal waveform that is detected frqm the creature
body part 140. Data related to the ECG signal waveform in the platform 120 is then
30 transmitted to the processing device 122, being in the embodiment shown in Figure

IE, a laptop. .
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is coupled to the receiver 112, the processor 116 configured to
process the signals received fromthe transmtter 108. A display 118
is couple ocessor. 116, the display configur ow
ECG dat a S\F%%m:lﬂgss@ir ghal s received by the receiver 113@“%%51@@%0?&
enbodi nent shown in Figure ID, the receiver 112, the processor 116
25and the display 118 are located in a platform 120 renote fromthe
housi ng 102.. The platform 120 may al so send the ECG data to anot her.
renote processing device 122 ésuch .as a central server) wrelessly
or via cabl e[@gﬁﬂecﬁ%’ﬁ? 2P0kngeAH FSRacHVANBRAY AndoRr VISWORA 4 sidervigeirad anp,
the ECG nmoni giG RanfiisCRvikd CiccordiRf ﬁyb&?ént%dﬂﬁénﬁof@ﬁ'ﬁQQR%@bﬁﬂhe
rhythm detection and heart rate nonitoring device 30for : S
rehabi | i t at i mee plathe eaferenceawmgrat | Hyfor ﬂ@rﬁqﬁgammtmrge@greemmsgbwm aas
well as for N E10IYAR . : i . [

can be used ?%y %dégﬂir’ﬁlgfigé a?r‘té%giglgag v\fg1 ?qrﬁé%%?ﬂaﬁ%g%gm&%i-%@
fitness$ dini mpnéseng systaeb thapewisclicrmatically Tépsesented gcligeresibd ol Boand b It
stored in a QALY LAY i 0t )j [ evige 1 itself
(by sending a éwl%ég%}%gw S?ia%éllﬂh# Eh 3%5’%‘% &%;"&r}g%‘g’b?{’ ;}-Ei;lé‘ére%g&taﬁé
menory nmpdul 8Bl #)accadanchwitt diceenbadinizetsf drecRCG mohiteinglspittéror dasded f or
may or may nolid ¢y IBEEI: CT0 the patients or person at rigk
[0087] ' The[0HEX noThet BEGNgordeying dedidd) 1 Hetlbmtssfor tehiithiuglhs mositodhg "Rk €
of the pluraljty.of electro 4. electrical. potential from a hody
par ¢ i ch PR et PEEE ihurs i Ghpeie frimung § gau BrGceble,
106. The dat eh&gudprilneratiaphitdry,itd detdtthetn® rigulinatahd heddf rateaiFrepil st Gat
wavef ornms. Through continuous rect?lrdi ng of heart heat rate which the
above nenti offY CHBGY B8 bescomgisish Math SHmPOPPG SRPRIFnG L& B PAPHEY M ITOPS:
periodi c irr b@guthREsnB&Rfont abds.CAhe bRordRHEE trRHodimayelsd eatndogltb eAsble
-during various, exertiqnal activities. By conparing the :continuously
 ecor ded dat SOREHSREARAEE BV cbaeing dhs dfics Wgﬁgé‘frép‘?rﬁwrdﬁ’a}ls,m%ﬁn
accurase proghaashlbakéh phdk @B GRoWY). physi ci ans and 15evi dence- based

synpt om nanagenent _ﬁ% be reco nded for timely. interventions,
S

[0088] FigiiO&3E: usipg L3, plothe KCS Ineﬂitqsimgtﬂ‘%ical L& hasgiclepeth 392 dbhi ¢
moni t ori ng Sﬁh%trﬂif'gb 508 10f ock, Gt cRarhiide 78R CObEAdNY300in e RARQHAND B8, fof OF
cable free/wire-free el ectrocardi'ogram detection and wreel ess -dat a
transm ssi onxempledqmy @af gdieigdf 206 légl?‘enﬁ‘ﬂg%?f. 2 wojayp dor sxamplegieuad BEm. t he
ECG rmoni t or | 1. Be@intshitdrtl dcviclll R6&8pled th e GRS Mhe of 2000 to. 8000 mn’,
20 for example 3500mm?; anﬂ weighs in the range of 8 t:o 35g, for exémple 26g. In one
| embodiment, the housing inay not have a uniform 6ro'ss-section, whei'eby at greatest .
points, the housing has a length of 6cm, a breadth of 5;5cm and a height of 1.501‘1._1. In
this embodiment, the area ;o'f the ECG monitoring dev1ce is around 3300 mm®. :thher.- '
;- embodiments may use different dimensions 202, 204 :aﬂd 206. The _hof.l-ls'ing 1.0‘_2.may
5 . be an efgond_mic casing that is watef—proof and sﬁlash—proof fprg'multi-pﬁrpbsg
| app‘liqation_s, including use for activities such as sw1mmmg and ééx_’obic cxérciségj -
where sweat may result in poor insulation and inﬁefférence of the ECG sigﬁ}{zl.: A
switch 208, provided on the top surface, allows the switching on and bff of th_ej:‘ ECG
monitoring device 110. - o
30 [0094] Figlire 3A shows a bottom view of the ECG monitoring%device 110 of

Figure 2A, whereupon the plurality of electrodes -104 is located; w:hile Figure 3B
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body part 140 (Figure | E shows that the body part 140 is a portion
above the left nipple of the chest of a human being). Preferably,:

the ECG myy bRiA{Rgwdevice 110 is attached on the left sipdRcafiidddis
chest of a user to detect electrical potential of the heart between

contraction cycles, wherein the electrical potential values are
digitized and 25filtered to provide data being anpli tude and duration
O various ECG Waveforms [ 0090] The ECG nonitoring 'device 110

transmts wrel ess and conti ly to the platform 120, being in
the embodi me °‘§§1 SReRLTE VY %fn tﬁ%‘%bé RRsfpYiRg dexica PO AETiEwR 2AgVhgE B

118 shows t haofpoS UG MBMELRE Bikat1 olcin Bedeast ed fromithe creature
body part 140. Data related to the ECG signal waveformin the -

pl at f or m 12019985} hef? @eﬁma?@wpletﬁém in Flﬁéfeﬁﬁ@é'@séwnlgl}'@évlee@dm 204 is

bei ng in the gk irpAOMEL toBesiTh GHA, § 048 an Py d4Bp!
2011/ 115579PCT/ S&011/ 00%105 1009551F| gures 2A a%%"sr"‘g?%% FRatks

show a 5 op viPEMEEMENta a8¢ genfigued ©Of seath sEOMs o e Glgmailgnmtessnr;e While not
accordi ng- { 0 sy, &10arh FERivle hl SbUAESHAA Rl ) B 45 © to*}l% £ of

reference nuneral 110 f nmonitoring Ice er:ng
as the ECG nﬂmrﬂmhﬁmgfd@@ﬁmdes Monayfbelép@gueedm)a,gmlmdmmr aril y I

chosen: fro E y ens at. ar mat.i ¢ V.
repr esent edn] B@I gﬁgeslg1 T%H eléc 1%5 758 "?m?%ﬂét ﬁ%ﬁ?ﬂ“&?ﬁ%@&f

t hat t he ECGthedwiusiog |1&Tgardbmmgedszhdmanampat §304¢ 300 dnda308) BBini éxch Bther.
accordgnce ‘W dinents of th monjtorin at ens
descr:jlged Fi gAEt?%‘S I%ﬁéﬁi and T g P%@% %CQd’ﬁt&fenlbet’i‘f’?e rﬁaﬁb%}’éxﬁ ot 1
all ows for cphtalutw@iﬁectmdﬁstlmtsmgoutﬁomoi!bseﬁh&i’rﬁdnﬁ: |n the range of 5 to
24 hours, a for ou 8 hour u3| ul Ly ‘char ged
rechar geabl elr B&{jt gﬂﬁ“’t%""&’?&%@? g’gﬁ?g urﬁ ity,of electrades' 104 are

i rregul arityatdmged smyhadeachmicchale (DMAQQIOHBIaﬂ&dOM)t 8 164 B a0 Wiv6rtice of a
conplaints ( pal pi tation, syncope, breathl essness) from users.

The nonitori ﬁ'&g%l &ri od may be.extended to enabl e continuous nonitoring
by chasgi ng [0bes]deBerwesntiivb @r hidreOfRh@b lufilityosf ell%étrﬂ&dsrlgdfaeﬁl 24 6isembal

battery pack (not. -shown 00931 %mg\osaﬁ' n(% 102 of the E

noni toring d Y&@Stllie(ﬁw Bca PTGt o Heelochpdes 196 Shuy wigaithe f or
exanpl e 7cm distaiies gdih3 BQhd 308)t eedual e hQF tifh AR tr88Ri1044 Ol04BXATPOL:
5cm and a helr’rg‘ﬁt 206 in the range of 2 to;5c for exanpl e around

3cm The ECGSHEHIA iArfgmawondine I%ceo%@p?qggataﬁ iagglei ©m the othgnbaadof

2000 to 8000whdit dhly tv?d)offtﬁé di@?éﬁd@ (04350 HAB0sPAE Y, Qéaéh bitnd BeciiARge
of 8 to 35¢g, for exanple . I n_one enbodi nent, the housing may not

have &%unif oldffel 883 a%‘%b%co’ﬁ 10%’?@raébyo"aﬁtSPWt‘@ﬁtcep"élamsﬁscel‘éhélmelem ng
has a | engt hln%ot@smmsbdhﬁ&ﬁ tREPhuAEl & A& g&fs a0 an]a.ng 1011

this enbodi ment, the area of th e nonit oring eV|ce I's around 3360
Mme. - : O hersi@iabbimsRRtgeanapy %@ata@qemeql@ﬁpd% sreemplotigaee may 264 exisd

ggg S-Fl)-lhg.s Eot)l?egwgc?m ]tg%céﬁﬁfg o%? ?{Pﬁf}ﬁlé‘dﬁrggée mmc&t&aﬁ'tﬂégothgaélechﬁdémft ?sr a"lé?ar oof
p0531ble that the distance between any two adj acent electrodes is not the same.
;25A ':_ E [0099] The plurahty of electrodes 104 is acce331ble from a same extenor surface '
. 1023 ofthehousmg 102 o ' _ ,' ', L
[00100] - In the embod1ment shown in Figure 3A, each electrode (104A 104B and;
104C) is provided in a correSpondmg opening (310A,-310B and 310C) on the surface
102s, so that the contact_ surfice of each electrode (104A, 104B: -and 104C) is
30 recessed relative to (or located a distance beneath, see perspective view provided in

Figure 3B) thcf: surface 102s level. The contact surface of each el{actrode (104A,
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applications, including use for activities such as sw nm ng and
aerobi c exercise; .. where sweat may result in poor insulation and

i nt erferewr[ﬁﬁﬂﬁgﬁeECG signal . A switch 208, providedpepskhfiihdRos

stirface, ows t switching on and O f of the ECG nonitoring

devi ce 110. 30[ 0094] Fi gure 3A shows a bottom view of the ECG

nmoni toring device 110 of Figure 2A, whereupon the plurality of

el ectrodes 104 is located; while Figure 3B shows a perspective view

of the ECG r’rq é é @ew ce 1%0 of Figure 2A,., where the bettom of
the ECG noni t@? A8 rerersed a6 aple TgQIE feadily gomsmpdatscand iserve prio e
shown i n Fi gepRespbudidd@leditodé adall tdbnPs d I

three input el eff:stgrodeésl (6184A a1048 angékﬁ%télﬁag%%l%%deg ﬁAit'ﬁag agg(éead :

ECG arrangem?ﬁ'@-, and configured to send signals to the signal

processor. \bbolej Noin z?dd@ﬁé@ emb&ddn\?nt:a(ltn§losh99¢ﬁ)s aePJI;lf ?/f Eh?tphﬁf'glr t?r g: A é%;r ee

el ectrodes maéqbe used. Any one of the plur
may be Sconf i ¢4 ey proyided dtectlarani thelextefi00 96T of pilculntmlsmg,ysooﬂ-tat the -

el ectrodes 1 f he hou '
102 and arr anoud S GRETACUAN) & 4RToRGIORE BSR4 ARHSIR e,
10Al t hough oslh&cethvnienm ons are p055| bl e, the:distance: bet ween - each .
centre of t ur e es 104 is: bout 5cmior | ess: than
5cm  [0097] | ”ﬁ“‘t"ﬁt ﬂt) 8% lgewn Pn }&t’e 33 SIERIRG e £ 0 -
el ectrodes 1 6raciiakle sammggadl electtoldest tlmam’e sej)e&ﬂﬂlyqﬂ&wdéﬂo413he d8948amad

104C) S Ioct at _a, ver of at twee “two or

more of the c %X/b%ﬁ‘é It%ﬁeé%en Q%Ltﬁ’eé%ﬁﬂﬁ*e ?%”élﬁ ese%(? st

bet ween eachcmmsporﬂmrgf shapal pd uhalelebtyodet pib\fi@ddr Gﬁl&ﬁe Hodsingl r'@J@Sthe ECG

ol ectrodes 1BTRAEHE s Empelipgh Pt BRE Ry ESBORAIEY of ce

gt ?n equi I(galgetmgg;tg ﬂoagg% ?éi fRtchig Qﬁ&t@ﬁmiﬁﬂﬁeg’?ﬁ?ﬁh&&lhy %Emd&écngg@

i stances ach o el ect rodes

4 1 a}rl (? Escﬁ

104A, 1048 aR{*4oifEB an i§ fhaped a5 2 Py BWBP%O fagtepes agpnggpent,

i soscabes trwadigheacH dle@daé ttle)aAenbmérﬂBmHCI RGhaped Qibarly k8 f@i*dty
y'iol&p p’é

of electrodes are, arranged al onggga%r aig i ne. Between any-t

adj acent el et BULROPPE AEARESRerY Een?Fa%i”&E@é‘F“éﬂaé’ tm@&evt?éé?ﬁ)’tlﬂ’ea
centre of on@apbeeheedeuerrﬁtaleear% bkt OTTakiflE RERGTe RIARCE BO0Gambls, | S

also : possiple t hat the distance get ween any iwo adj acent el egetrodes
is not the Sgeﬁs is a disc-shaped part 312 surrounding a bore 316 that :is adapted to
accommodate a male component (not shown) of the fastener arrangement for
20 example of the snap-on button stud fastener arrangement. Two spring wires 314 |
extends across the bore 3i6, where each spring wire 314 traces a cldord {i.e. :a line . .
segment whose endpoints lie on the bore 316) which is off-centre' to the bore :316 _-
Both of the spnng wires 314 are adapted to grip the male componeit: (not shown) of
the snap- on button stud fastener In the ernbodlment shown in thure 3A the other
25 electrodes (104B and 104C) will have the saime - structural arrangement as the
' electrode 104A. In this manner the plurality of electrodes 104 is adapted to secure,
by a snap-on actlon onto electrode leads (not shown) having a correspondmg shape
to the plurality of electrodes 104. Such electrode leads may have a male component
of a snap-on button stud fastener The electrode leads may be adapted to contact a

30 body part where ECG signals are to be measured, so that when the plurality of
electrodes 104 is coupled. to the electrode leads,:the plurality of electrodes 104 is
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25[0099]. The plurality of electrodes 104 is accessible froma sane
exterior surface 102s of the housing 102. [00100] in the enbodi nent

shown in Ky@wig134ye each el ectrode (104A, 104B and 104@dhrk&2014606heed
in a correspondi ng opening (310A, 310B and 310C) on the surface 102s,

so that the contact surface of each electrode (104A, 10413 and 104C)
is 30recessed relative to (or located a di stance beneath, see
perspective view provided in Figure 38) the surface 102s |l evel. The

SOTL 150 oparietin Tsbinghs bobTpAs Anevendbs pluesliveet desden M4t o

nore readily ap6eoatREBCE s@@dlsﬂﬁﬁ%&in@éﬂa@aﬁu&eﬁf fo&ﬁ@m@hp&g uShes bhAeR
|l ead from a gockl ng . pad See ures 4A to_4C-and 5A"to 5B). [:00101]
e

I n anot her fivicen ) Such 8 ranofdbesiEe ﬁP%rIQFﬁtqdymbfthe exterior

el ectrodes. s&-fa'bgé}ozgedfﬂtngaglg igled directly on the exterior surface
of the housin at the cont act surface of the plurality.of

el ect r ddes gfq:‘hdehla agnther sprekodimenty theepluselitsy |05r6160ﬁ'9@ﬁ8f deaot dwed an
[ 00102] The c m
Lo allow det E*éﬁ%ﬁt‘é‘f%?%fd‘ﬁ?%&mgﬂ 84 Y, ST e ARLF DB RAN S
provi ded. Th@“M@hﬁlﬂ(@r e&@lltde@mps,rtganghﬂ/cibée fsquasct)t onal - engagemnent ,
to the el 2& DERAR Sy, B A LathaR] BRAAOHRS AR SELLFRRERE REERRP S
device. Int H@I@rﬂﬂ@dmardmectbtmmu the skiirgen ee Bf sideafitheathedt lofa pdeurhlone y
of el egtrode 4 hamsml egrat e
Buch Pty Rttt afe biiBs oM B OB A M B o il
% 4% fast eﬂebomramdlalg@m;m l,eft]:nﬁaplaeﬁoea neaelalodmf nﬁglﬂﬁtid’ngde tgl ﬂ:ﬁélsﬁre thO©4&tagard
arr a)nge?re?tt ag%‘ﬁ'eesnf tg?g tlegf% aél)rﬁ:l 5’%dr aﬁd‘éﬁ&e{frﬂ) %ﬁfa“h?}ﬁf‘ge hggn pg”gg{lw’p‘h‘én
button stud éla&todaemtlaratﬂrlgehﬁmy be pesitiongd pdrpaidicatie ol it calfar&Bne for
Chat 1o adapt SaEl oS ten Lot Brmaie te s e 1 G pa ore e
fastener arr angelfrﬁrm sifraf, ﬁ%ﬁﬁﬁ@‘bﬂhcéﬂwﬁthﬁe an:amaﬂtobtug H&iceSt10Gan be
fastener arran #. 'Eﬁl g&) vm reé 314 exte %cross t he bhor.e
316, where ¥ ‘°§'E %8 Lrpd- 0 meaAYET e “’63 grweshie rightdrgnt
whose endpoi midstht (¢ @) bheotaniehs E6)G iﬁbmt?dﬂmg&leﬂf;é 1 AR B&rdeﬁ’ clobgwibor e
: 316. Bothgf tg g{)lng res 3%}_ ar.e daptedto ri.p- the nmal e
conponent ( notHB%WH "t“#léuréh%{’p h“sbd’t‘t Leaday tox érg'i F"nﬁIgHrafl?f@
enbodi nent ' slhe@went oF tid m@%&ﬁondghﬂvxc@ edoes not require extra cable SR
20 [00105] With ret’erence fo Flgure 3C, Vlis Iocate_d in the 4% mter_costal space tg
the right of the sternal bc_)etrder. V2 is located to the ieft_of the stethajl boarder ;ihjthe,

4™ intercostal space. V{l is located in the 5@ jitltetcostal space a:t the left hlid— K
clavicular line. V3 is located directly between V2 'ahd V4. V5is loeated levei with ]
V4 at the antenor axillary line. V6 is located level w1th V5 at the mtd axtllary lme 5
‘ -_225. l [00106] For aVl conﬁguratton the ECG momtonng device 110 is placed in atl ,
B onentatton that is opp031te of the Lead-I conﬁgu.ratton ie. the ECG momtonng.
devme 110 is rotated 180 degrees relattve to how the ECG momtormg dev:ce 110 1s "

pos:ttoned for the Lead-I conﬁguratlon and placed on the nght side of chest (rather

than the left side). For the V2 to V6 configurations, while maintaining the

30 orientation of the V1 configuration, a positive electrode of the three electrodes

(104A, 1048 and 104C) is placed at the corresponding V2 to V6 locati:ons.
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25. electrodes (104B and 104C) will have the smte . Structural
arrangenment as the electrode 104A. In this manner, the plurality of

el ectrodesydQf1issadapted to Secure, by a snap-on acti @prs@8iPooo10s
el ectrode | eads (not shown) having a correSpondi ng shape to the

plurality of electrodes 104. Such electrode | eads nmay have a mle
conponent of a snap-on button stud fastener. The el ectrode | eads may
be adapted to contact a 30body part where ECG signhals are to be
measured, so n t.he plural jty of el ectrodes pl ed.
the electr od@hl@id\é\?ﬁlshg'epﬁ"%l’we?b %lheé’leég'f dg@“‘\idb $§n3 lﬁg&r @l?l”?y
attached to ttteﬁoe@honneﬁﬁgdelvmeyefo,betﬁme@hﬂhehbm pbadel ciad 90 G8d ¥94
can al so ni eas g&CG signals through direct attachnent.: to the body

part using at% %ﬂtla ‘@ttllol"lbthﬁétﬁ @dditional @lsan) . such as an.

adhesi Ve padpojosgat ectnaaerTﬂmeeXtteéyttercaaehtfaeeeusﬂe@%cﬂm& be sk odks
102. 5[00103] In :anothe nbodi ment, the plurality of electrodes de

not have an (H¥éy rlﬁ‘l]%dn‘l é%‘l@rﬂfﬁbe ﬁ%‘fffd’l?l gihother copyyntinnpltopfigerations of
el ectrical ceeddihd Bgmi@ts%Falvﬁt%vtanngyro%la@F:quat% e&@éttpl tor?&%ja

triangle, circle, square) ectro
1048 and: - 103¥R (Isnd augmented; vagsen m@t)s 9L (lead augmented vestor 10 cma‘iguchtmm | y

contact the §kY@htﬁtgg :\Pigeé’%ig m% qj% Q%d tg 4s§)ﬁp%31t1eg91fwe el'é?%ﬁ)'df qfnthgrl

pl acet hent, the are in para posi ons
to the Ieft clottrades U6hb, HMB aaﬁ)d;‘)@)tmte twehegativepgécerodasr a Lead b

confi ratl e. [{H-_a@ ee [ "nd,
t he rlqght ar %1% El&t&% #ﬁ‘?{?%ll&te 8} ﬁét?}lgf% ﬁgé#egdﬁumtl’h __e ec% -‘%}83%
104A and 1048 theythige ebotsodes oHBd, p@41:'penﬂj|1@4ﬂ)as cometthd td dictieft ddg @rthbone
for L3l Lon he,vo

bet ween t he {lt?ea&e%e%on gl%rt‘? %ﬁlg ée ?Ctrfa (geﬁ%é?sfﬁllﬁledwlrﬁ}cﬁ §is
further pl acmnttedmhlmtfg'ﬂ&mmdttbe]eﬁ@nﬂev ce 110 can be ‘positioned
for a Lead- I nf.i ur e val t age bet.ween .t he
Cant, Tog MArBECTh B AL, AhahBpBRat ke I coish Rl RSP Sitioit e
110 9Qsdegr ee&heﬂm&leluceede‘sr(mm mmﬂ_aaideC) eeolﬁﬂegudﬂ &t the[eft arvhldd the 14D
the Lead-1 tq,lLe fi uratlon theE

noni t ori ng d%ll‘lg tﬂi%ﬁéb%"éﬂ% P%ﬁ?ﬂl’er é‘ QJZ@TBﬁilﬁgiW‘l‘ﬂ 1s
refer ence. tﬁbnﬁb@édlbﬂne&@htéﬂndrﬂthﬂ@@ﬁ&@ in the 4t h intereostal space
to

[00111] In the aVR (lead augmented vector nght) configuration, a pos1tive
electrode of the three electrodes (104A, 104B and 104C) is. connected to the nght
20 arm or the right side of the body and the two negatlve electrodes (ﬁ'om the Y- shaped
wire/cable)is connected to the left arm and the left leg , -
[00112] TItis also possible to place the ECG momtormg device 110 on other places
of the body to capture the required ECG signals. For example, lt is poss1ble to
directly contact the electrode 104A, the electrode 104B and the electrode 104C w1th'
25 '; the.left index ﬁnger the nght index finger and the middle ﬁnger of the user.
. respectively. - '
[0{}113] In t.he above conﬁguratlons the three electrodes (104A, 104B and 104C)
may, in one embodiment, be wired such that electrode 104A is the posnttve electrode
electrode 104B is the negative electrode, while electrode 104C :1s the neutral
30 electrode. ' .
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the right of the sternal boarder. V2 is located to the left of the
sternal boarder in the . 4th intercostal space. V4 is |located in the

Sth :interg@sghisspace at the left: md-clavicular i n?CTlgé di$00010s
| ocat ed directly between V2 and V4. VS is |oCated |eve Wit%l , V4 at

the anterior axillary line. V6 is |located level with VS at the
m daxillary Ime 1001061 For ,a V1 configuration, the ECG nonitoring
device 110 is placed:1n an orientation: that is opposite of the

Lead-1 confi i t he E I ng.-devi ge ., 11Q is rotated
180 degr ee’ sﬁ’pmit @8&{% Hstipentng é@%@ B&Fq’i’é‘gd Pice G spegialized.
posi tioned f @lecirbde leaRHugonGaiEH GE eREttc8s ANEAPIEERHd mc; Jﬂﬁmédt%‘tma%' de
O chest (tathet t han thge | eft_ si-de). For the V2 to V

confi gur at i orb€ PI3GRT 08 hePrai WhilyySipgle elsctredn kedsomay be t‘-‘ﬁ‘éi with the ECG

configurati Orﬁwnﬁoﬂ% Qédisee 1 1Y, acldcRARvRE thie ctohlﬁ\ﬁg eRbBGde" Qgcﬁsln(é]-g4€"1
104B and 104Q) aced at_ the correspondi ng to Vb locatians. -

[00107]5 Thus mt?@f@ﬂfgfmﬁmﬁbbﬂuseé the el ectrodes (104A 104B end 104C)

al | ows  the {FEsTONFgAk Bg ﬁsws%s&gwwshhe Plop BOAE bib 4 otneé\&v'o;a

Lead-11, Lead-1]I 1/1 to V6 configurations: wthout the use
addi ti onal cdptking pici09diaving asweliwrof plea@@trémds 46% thrap carelie wsedray sush

dt I f 8 4C
ot ob o aRpk, Rl Rt WBdfhng 17 b1 0BT, 3 BPAR, U db°
posi tions ( eprpvidsy/Hor a\.’t‘hln-lamgrattﬁodoqkiﬂg ﬂtmde émgsrécrrt adECEconitdringt )
o (BRSO RGRaE Hhed htdineAhiod | R FRIION SRty o)

configurations W el catl e fa negat i ve
el ectrode of[08X16] t hTI@eplmiahtytcvf@di@HodelEdd% 402(MBroamiéd lﬁéh 1@)1 4041 OThewad

regat ve ef bl e ol OOk L DI BB SUOTRN S L

f eat) conflgurahon a positive
(104A, 104B afidie tﬁa@deueadsaommchdlemodehadlmﬂtexﬂeag; througHide tmﬂ@lbs@ off

t he body and the |ve el.ect S ed
wirelcable) FER 8‘%@0 %P ﬁ%ﬁ?wéﬁl@%g’rﬂfzg "r‘q %‘u@% ri'-af‘;\erl%r‘ﬁ tobafiss 1 n
the aMk (! eadem@e&mdedoyespmwldhefoh)a ©0p Rhifgerdlth©pad 204PEEE Figuf: 44),

el ectrode he thr 1048 and 04C i.S
connected to™ Pﬁ%aﬁ’gﬂmﬁw CBﬂoﬁﬁ% ?@ﬁ ”&3’3@5‘? SEhEEWS AP é%ﬂo‘t"ﬂﬁd &)
negative el ebdtfoﬁdﬁﬁfaéécﬁiﬁmlﬁddem&’{sebaiga&m re/cable) is connected to
veotor r1 gnig0aghs i teed ansuré?eac;éé’%%@w o ot Rl e

el ectrodes ( &l@éh%,de léaéslmzaﬂel addp@)to b iCARBESIRS:, b9 bbiE plabdiinte Qabay or
the right side of the nd the, two negatlve el ectrodes: (f’roththe

Y- shapg@d wi r BFtH r‘éﬁgegéﬁ’i‘ 3 iapedsteetsd | eft- arm and the left il eg:.
[00112] It I[mns]so ms Mﬁcés%ﬂ?b@%zﬁhﬁ:dﬁ@ﬁijmlﬁé%!eé BE) &k&r{é aé‘cu%&é) on

ot her places, of th to capture the requi red gnal s.
exanpl e, it kegdspﬁ%%ﬁm aptsdgpy é@flﬁﬂg o htegrated; F?éte@méclmcéaesrn,omallqwhe

el ectrode 10AReaR4 tdi&o ¥k % teqéaﬁleall%ﬁcw&h zémeeaéc%&esl ﬂﬁﬁx 104898 -

the right index finger and the md er of

respecti vel yIOWI&%ECG@%@%W@%%QM% jares éﬁsandﬁﬁé Otl n BEG signal

el ect Lodes (Jddidlng dQ48 and . 104C) nay, in one enbodi nent, be wired
such that electrod -104A is the positive el ectrode, el ectrode 104B is
the negati vEWREIYct Togethermhitieersthe cloctigel coomes fssch eh?ebwgmt digdited to, the

30el ectrode. electrodes (104A 104B and 104C) of the ECG momtormg device: 110 (see Flgures
3A a.nd BB) and the electrode leads 402, a dockmg mterface 420 as shown i m the
schematlc representation of Figure 4D, is prowded allowmg an ECG: sxgnal
30 detecting device to be removably attached to a body part where an ECG signal is to
" be detected. ' g
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[00114] Before placenent of the ECG nonitoring device 110,
speci ali zed el ectrode | eads, upon which the el ectrodes (104A, 104B

and 1040C) womiesissiwo, may be placed on the user. Wil epgirRabA000105
el ectrode | eads may be used with th. ECG nmonitoring device 110, a

dock having three docking electrode |leads in a 3-in-1 5integrated
format may be used. [00115] Figures 4A and 4B respectively show a top
view and a bottomview of a docki ng pad 400 having a plurality of

el ectrode | e 02 C such docki el ect.r od

accor di ng tofh(iﬁz o‘%:e‘lr%récn Ffac o} 1%3"”%6&(?“1%6 ‘g‘g’ln gkandgn e °§° en 1
i ntegrated ddedd m@heleecahradmteuchbamlﬁacf @24 rovidsd dmﬂllioﬁimglgza(@éiem BeG
(such as the ECC% nonitarin dewceFl:Oof FJ es 2Ato i ureﬁ
[00116] The pPPUFSTTS yeBfe: oTElL 6 SHFoEFGamaninyat vise 6% Fedes )

404. The pad hamgudsnmms Bllcwing affacRhe ité lacoaéane@wdjpﬁdm%ﬂete@&dd%'madso
as to electri ﬁg g iOI ate each of the el ectrode | eads 402. Each
el ectrode | edd2ATPEL OSRBEC AR DRRYParthhas 2 fesening medhanism 428 pallowo

that a top Sulidtkemy bAReA! the 4QRB{caloA0253 (foﬁ@ﬁnﬁtaweeetéﬁ);déafrohhf‘e 15
S

el ectrode | eads 402 is provided on a top surface of the pad 404 {see

Fi gure 4A), WETe34) 38t thenslegirofe dead 4282 Athe agoBpe mechanbmfsee saference

Fi 4B aPRls e
T S e o e T

Fi gure 4B) ofewfen tealerisaeoniesdd+ sudthsclectietisdead 220 Itbealsmptatsnhbo.hat

cont ac b ] al s
to be 1t(gl)et e%:/t léagel [ Olglﬁg]%gbrﬁgh{jgggsur acél(3 9‘?5’1%2%%%0"33{‘; ﬁéfgggftacsfee
Fi gure 4A) oft24 prd &F eleeirasigdeddRd $o albpy fasteniag hpwedh thb}elchmvnlrcgntaet 424

i ntegrat ed fgﬁ&@lglefg SEshanbsm to allow fastening thereto of "an
el ectrical contact ?guch as the el ectrodes 104A, 1048 and 104C of the

ECG noni t or ilA¢l2dbvi Tee {as@ningemedtiagisme §128A 430)d i3 B) stowtua thaCGlloivg Nk
2oL 10 g A P i LIRS L S5 G AR
t he EGS noni tupieadh allesri The t_’a&t@m@g meclﬁnigmr(ezs 33\0)amj/ b%-B)1y amdortnix@e of the
glcﬁghtrat? |d§ Ir:pr ece t?tol%gg ?Iéhl?ﬁe P Eéﬁl aé%%?/l ﬁ‘éi& a(agnslv&ﬂaﬂsg“gd’o%
- si gnal 30desmtloopdVelew) dastenershas Ioegms/ab:la;h fik taf eheedict Kgal bwdﬁbmed
\é\’gig_/e 1?255525 !ir%gg Blflit/xsﬁﬁ% 8(113%& SI% &nd tﬁe electrV\Qe lead 422 secure onto each other
[00122] With reference to Figure 4C (showing a- 31de v1ew of the dockmg pad 400
20 havmg the plurality of electrode leads 402) the fastenmg mechamsm IS mtegrated
into the electrode lead 402 and is of a snap- on button conﬁguratron, _more
specifically a stud and popper arrangement. A portlon of each of the electrode leads |
402 is shaped as a stud 406, where the stud 406 has reduced dlameter compared to
the portion of the electrode lead 402 that is provxded on the pad 404 and the stud 406
25 projects from the pad 404 3 ;. |
. | [00123] The stud 406 acts as a male component of the snap on button 3
conﬁguratron As an example and with reference to Figure 3A; the stud 406 is
_adapted to'be mserted into the bore 316 of the electrode 104A, so; that an enlarged
portron of the stud 406 is gripped by the spring wires _3.14.
30 [00124] By having the pad 404 with the electrode leads 402, ease of use is

provided, since an ECG signal can be consistently tapped from a same location after
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1001201 The docking interface 420; between an .electrical contact and
an el ectrode | ead, includes an electrical contact 424 provided en a
honsi ng 42@0ﬁﬁmrg§wnonltorlng devi ce, such as the . ECGoppRELALHINDS
devi ce of Figures 3A and. 3B) havi ng di nensi ons allomnng at t achnment
to a creature body part. An electrode lead 5 422, adapted to contact
a creature body part, has a fastening nechanisn1428 to all ow
fastening between the electrical contact 424 (for exanple the

el eetrodes 104, ure 3 d.the electrode | ead 422. . The.
f ast eni ng: neéh%ﬁf“igp‘résgéﬁch‘f‘ﬁ %ﬁg’@ dy Pa‘i‘run‘ér"é‘ﬁ“‘&%“’hﬁyu&ds‘ﬁlﬂb@e ECG
provi ded on thenih@cadviceall0GRMRE Fiddds bR tdhBOW. efvé&&ﬂn@ﬂis*ae& ﬂ}e

t he. electrlcal contact 424 and the el ectrode’| ead ‘a

possi bl e that the ilecttq@les flaééeh@%m%b%ﬁ“@\wf &hp E@@ZBOHMB% d?@C%iWde@ on
either of t %cﬁﬁ§%cﬁh&?—l lﬁcﬁ?ltea&ﬂboﬂgndenﬁ%e}ehﬁwe&%%%%g ﬁ(ﬁﬁg ﬁ&ﬁ $0

aI | ow fastening between the electrical contact ectrode
| ead 422. [ Gowpndtiontyatly hetBEE moniettmdeden { UR Gsee Fiiresi 3A and t3R)cthar e

that allows el sehrddal omege%dé%deg@hm%geeérp%%gae 'eaagh“?%et 0

secure, in a det ac e manner nto e
mechani sm (42830tr¢1d§0}eﬂ¢ﬁa§10b@rarb9ﬂlonenufactmed etooéortelymntl ofol ehémgthe | three

structures t net t hesi ve. pads .and
hook and | oopﬂﬁ)f"ﬁggI Httlh Y eﬁlgdr istpl% arrmlgca “§§°§* ngt E‘Pcfa(gfm&ﬁmé‘} wr'”Fc
signal is estla(bbansinbcbe/doanecteldeo eﬂedoothmg:;aﬂ 400)hicanetonéﬂélt1@ndn&ﬂilﬁnanner

o oor 09 (R ARG-LEEEE S B Du Bt L S AR A e S e

plurality of aehkeetealisirddeBOS eeﬂ)aomim ivasﬂ ‘#iel BQGNm6hiGMng Mevice 110 is

integrated into t 4 ar but t on
confi gurati off move&r&?‘g gﬁ‘%‘&ﬁ?&f"é‘b dqé’gg’g a#@ {E’bf‘pé?cq‘&?%r%fgé%#ﬁ re- A
portion of epedinanfed 'slieeld thtre bt b ol tb&&deSthéQ@Gl forS0aARE devie 1@0%61%&%@6

where the stutd 4 as ﬁduced di anmeter conpared to theiportion of
the el ect rod& §'8 Ef 02 LRSI brovi ded on the pad 404 and the stud

406 . 15 25pr[(ll]1€5]‘. s TheOslechio@e ads 402 ensutdfdodIhysical@nibiild hOBGkina@lLS as
a nmal e corrpo %létt % e.s a.]g on button, conflguratl on. :As an exanpl e
and with ref ag al‘—*fidnﬁﬁl fatg Qutpiting clegry bassBng slzuals paderpducss thaseline

i nserted int Qaﬁ&&ﬁn@%hen@ﬂ&oﬂf Mo aGEcRABs3QAE with thiBbte 2oRHAl 9€d
portion of the stud 406 is gripped by the spring wres 314. 30[ 00124]
By having t he*'BEd 540 lF??lStﬁlfél%‘Ffé‘fﬁalﬂééé"i?f‘ef’d?ig“%@?ed -ease of use is

provi ded, sifguag6an ke shibidkher 38RovAL it PipSle 4 Gﬁé muraﬁapeﬂelééu%m %aﬁsam?

| ocation after. the pad 404 is attached. to a-bod di thon,

when d8ed wi t9 aqin E@@ trgnst PathiivRylatrd\ang dsolpted 15416'@1#1 |31¢CF¢C§EH Iélsa@met 0
3B, the el ecthifdmmdnRags R2oPioaN Gfe renerﬁeeeadsqﬂesbé 104A 4048 rgeaf

104C) of the ECG nonitoring devicCe Wth a docking. locatio

one enbodi meHeralther e t he docki ng pad 400 is-Used'in 5 conjunction-
with the ECGoIBfi t @G FENICEB TebPechis

specific a?@an enent of the el ect?%:c}eg? JQHZ@EW%SE&Eg&i%&e}]‘h&a
bet Ween eachdesking rad e108chavingea ﬂ)@éﬁié}’ of Zlegiredeplsads H2h thiah carube disaOas
Corregpond t @ MACLR: AA, 104B and 104C) are
| ocat-ed, so tr‘;’atE ﬁ eaﬁ%n?&éﬁ %\%%gcg{n 0 can only :be connected
to the dockIW@Z*Had Th@@hpmoctsrieaderﬁ%mwasundar to. the. etebtrcslerieadeaﬂz descnbed

above, 50 no further elaboratlon is provided. The only difference is the shape of the -

pad 5 04 where the electrode leads 502 are mounted upon is different from that, of the
. pad 404 where the electrode leads 402 are mounted upon In addltlon with reference '
30 to Flgure 5B, the bottorr_l ‘surfaces of the electrode leads 502 is eovered with a
protective sheet 506, which is peeled off before the docking pad 500 1s used.

24



10 . it is ensured that the ECG Monitoring device 110 (see Figures 3A
and 3B) is ideated at a sanme desired ECG | ead position when the ECG
moni t ori ngyglemhg/s»10 is renoved and attached from t hepgdogkbiiGofddd
400. The docking 'pad 400 is repositioned should there be a need to
have the ECG nonitoring device 110 connected at another ECG | ead
posi tion. 15[00125] The el ectrode | eads 402 ensure good physi cal
contact to the skin (e.d. chest surface) and facilitate outputing
cl ean baselipe:sji.gnal's and reduces pasel| nderi ng phenonenon
Mot on arti B 5 o ToiepETem iarsine phebeer oguhBss. Hehin oo Dy s

| eads, skin suribdicamagitbrdRaiiCRtER Migthddl 5€sbst, [ 2042 ]as | dirind Ccxertional
enbodlnent showy .in Figure 413; the plurality of .electriode |éads: 20

402 are in a a&ﬁ“?“?sor%?’%af‘ﬁg F%Elaqoafaédatawé thesgmetuser, mewraémmpgnosm
el ecttodes. lefn ROLAGY bETHMLEER bnd SGHerdc-LRE ara&%@a}%t

| eads. may be used to dgp%gt 1ECG Si naes > e?%e??%i\r?

5B respect i vé?‘-‘?“@??ﬁ@@dafot@elx‘ilnéwmﬂ%m@d%ll%?ﬁmlew of a dockl ng pad
500 having ayopi3ey al kdrY 16e-Bhi ChaRdeoleRds 502 t c?g é@%
25docki ng ela{ectr(!)de reads'c:‘r accortdl n%e to anég %%lmga% 0# %ﬁd
el ectrode | eédsmyo@tlfaEQGszeﬁam afghe mdm@abE,t QoBeS| BadSe é@agmtacarkbed
above, so no fuii AR [ fferéence is
t he shape: of .%uﬁéa Bg{s V@%&ggltg%dl&e d'gr Font}%gmg%%th gr ted
upon i s diff &rfdtering dotret hat of the pad 4_04 where the el ectrode | eads
402 arg nmoun . addition, : with reference 30to Figure 5B,
t he bot%tom s&fﬂoa%gsgB%rfgs & electrode | eads 502 is covered with a
protect i ve shiddtseliotwamleiiohredsctivapindd of f before the docking pad 500

ia used. R{}@%}doﬂgpexr?dg%uéﬁrm recording of a user's heart beats,

i rregul ar Pbdic i rregul ar -heart rate are detected
at rest; aslomll] ds thyifolloveingr filtemgl aceeidingi tol egiouByentbodRanisNgill b

hi stori cal dgta é)fd t he sai ne-user, an aceurate prognosis can be nade
by physi ci an§”&hd evi dence- based : synpt om management oan be

5r econmsendeqodiag] t IIﬂBahyemhoHﬁniene rdatacdSledtad By Rt Qe &f BRNPEG . mbfH4z0]

For | ong-term dat tio cl] ean base| | ne CG signalis. and.

det erm gi st i @n C@%gs\?&&g 2]1D Dt HePrPeYTeHi (&) high regolugon dilteying cirgnit
recogni-ti on mekdidpubitalot Iﬂﬂne& t6High bisd ldunpa’sa fﬂﬁh@%te@ﬁrﬂ&ues% haidwey e
configurati or] that rfor f%é{l *“l’g in 1 noi se

suppr essi on; “Ff% éP?’ﬁ e 8 ‘PE"PhShowariH Figre AR sednp| ex
reproduet | Onﬁlte{rﬁlgl:ﬁ&dltxhﬁy bdyRodiadd @Werl'ignaf}irbde@dok g5, accor d' ng to

vari ous enb nt e.descri bed. o
?(901532] %1gure 6 ?s a sc emat1c representatlon of the signal processor 106 ‘

according to an embodiment, used in the ECG -mom’gormg device 110 of Flgu_re lD,

In Figure 6, the signal processor 106 is coupled to iho transmitter 108. Ravn} data, -
present in the electrical sxgnal captured by the device, may be sampled ata frequency ;
) rate not lower than 100Hz, to ensure good signal to nmse ratio,

25 f00134]) . The signal processor 106 includes a dlfferentlal input- buffer 602, havmg'-'
' g ~ two ports 604 and 606 coupled to at least two mput electrodes of the plurahty of
L electrodes 104 (see Flgure 1D). For instance, w1th reference to Fxgure 34, & ﬁrstl
l ~ port 604 may be coupled to the electrode 104A and a second port 606 may be

. couplcd to the electrode 104B A subtractor c1rcu1t 608 is coupled to the dlfferentlal

30 input buffer 602. An amphﬁer 610 is coupled to the subtractor c1rcu1t 608, A

baseline restoratlon circuit 612 is coupled to the amplifier 610 and the subtractor
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15[ 00132] In an enbodinent, data collected by el ectrodes of the ECG
noni toring device 110 (see Figure ID) is processed by a high
resol uti oRyg kdrhAigkong circuit including, but not Iimtegdrk@zbb@iesand
|l ow pass filtering techniques to achieve a clean and near noisel ess
signal. In the enbodi ment shown in Figure ID, Such a filtering
circuit may be provided in the signal processor 106. 20 [00133]
Figure 6 is a schematic represent atign : 01;] tE(Ca:Gsi gnalt procegsor

. 106, accordin se t he nmoni-t ori ng_device
110 of Fi guré“%il%gofl I“thb e‘ttﬁ‘ o ﬁh%lgurﬁﬁoé’éé’gﬁﬁoi%a P%Sltﬁ’éum?“éd
to the transnitilegke ﬁ&BﬁOﬁRaWndg’atzae inBhtS SCRht thé‘elE:Rﬁnd@ h6£4 Béc%ﬁles §

captured by the d , led at a requency |-:, e not

IO\F/)ver t han 1Glﬁf1E° %ﬁﬁ%ﬁé“&tﬂ@doﬁammevenv&atlgfeelmtoﬁo 25[00134] ‘The
signal procemapss) 10Gné aterdas il bhffg! B! ihdsuthfAPWE f éﬁ]ft g (i ng
two ports 604 and 606 coupled to at |east two.l nput electto -1 he

“plural ity of 6dP.cbe pesghine @ecrapeeerquttgilzenqm)e voftage tiasstiranic 616 ﬁmt’dronas
reference toghigure 3A, a first port 604 may be coupled to the-

el ectrode 104A and a second port 606 may be coupled to the el ectrode
104B. A subt[08t36br &t rthuidiffe@sial snmmopifed 603, tire hih impedmite aimpliﬂexoput

buf fer 602. ﬁlbnﬂ%la fvbﬁ’%{ge %&Qvelex? th%%#i:R\%%}d g ugtgﬁac? gg)tu% C\%'P?Frée %{S’C S'tpplér

608.. A baseline restoration circui 'S coup
610 -and t he $0btrevwdesran Mﬂlthbibb&bﬁBH@hﬂfﬂ@@@&tﬂah&)@ﬂtﬁﬁﬁers;l\ﬁlhw the -

500, 8,11 S B b0 R T 5P R 0 SRS
104A becones amphidss.t |'i71® ewtpats rafcihe twhi dmplifiess edeethtn learal:Q&BJ)bectﬁﬁfES a
122 1VE ° <Guif: o GOVRRIAE L ALC L Sl L RULRUEE SO2, W
circuit 612 apdt tipenl wothediyet YoitodD4cind el tnpliBsifnal winGk |séU6n@-§ort f606.| ans.
signal difference between the input signal at the first port 604 and the input signal at
15 the second port 606 forme a baseline signal 614, which is sent to both the amplifier
610 and the baseline restoration circuit 612. In the baseline restoratton circuit 612,
the: basehne signal 614 and a biasing voltage s1gnal 628 from the voItage bias circuit
616 is compared and a resultmg correction signal 626 fed back to the subtractor
CerLIlt 608. Since the b1asmg voltage signal 628 from the voltage bxas circuit. 616 is
20 stable, the biasing voltage slgnal 628 is used to correct baseliie - swxngs m thc ;-
baseline signal 614. Thus, the subtractor circuit 608 the voltage bias: c1rcu1t 616 and :
the baseline restoration circuit 6 12 serve to maintain the baseline. .
[00137]  The voltage blas circuit 616 is coupled. to the amphﬁer 610 and the
basehne restoratton cucmt 612. The voltage bias cu'cuxt 616 prov1des a bias voltage
25 to the right leg and also serves fo provide a baselme voltage to the amphﬂer 610 and '
| the baseline restoratmn circuit 612. A low pass. filter 620 is coupled to the amphﬁer
610. Furthermore, the low pass filter 620 may be coupled to the voltage bias circuit
616. through another module (not shown). An analogue to digital converter 622 is
, coupled to the.low pass ﬁlter 620 and the transmitter 108 _ _
30 ' [00138]. The amplifier 6.10 amphﬁes the baseline _s1gna1 614, Sul?sequentlgr; 'tho:

low pass filter 620 removes signals higher than a pre-determined ﬁeqlflency from the’
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[00136] At the differential input buffer 602, tW high-inpedance
anplifiers nonitor the voltage between the input and the interface
ground, wWRes Sutesfd 1 st port 604 provides. an input fg@T@@gm,@d‘Olehe
two hi gh-inpedance anplifiers, while the 10 second port

provi des an input for the ot her of the two hi gh-i npedande arrpllflers.
The outputs. of the two anplifiers. are then subtraeted by a third
anplifier, at -the subtractor circuit 608, to renove any signal

cont hon to both-the input signal at_the flrst cgrt 604 __and the i eDUt
signal at thense'eéhepehseesnaeo@ onygmbediggrny the prerdstasmingd Bfé‘t%@@hm%g

i nput si gnal %,8% e {héfrad%t?ro? 5604t PEAHEN Ehé BRUIGgus itd Bigltaladonvelter 617
second port rns a baseline signal 614, which is sent to both
the anpl i fi ethebdigitiapscihe praldme eptpyidonetse apasefltei®2Bui t 612, In the
baseline re tio [ ISHI ke lg‘hlél@m[ ﬁth

bi asi ng vol ?éﬁtdgiéﬁm gﬁngﬁ%gg c?nrtgtkngtlsh&n@le??o;g% VB|§aa';"'§ l%ar cal t 616 ] .e
conpar &d andnatralesmduttl i§ iscronpled itor FPYWatersing ¢lextroda ok thfbph-lFPé‘W of

subtractor ci,r t he
vol t age bi as 18? ﬁQGCf%eshg& @d&{}a%\l% %t s r%l %@%@ Iﬁ%ﬁgggeﬁ%?eé%g%% 28
is used to cweceedthbtaheelemodb 184G tegemesn neutrd electrpdesel i he signal 614,

Thus, the s t- 60 t he, v e

t he basel i ni(?urlé Sg}l"ioﬂo cs:h?%l ? isﬁﬁs%lee(ru\]/%q?e Slgﬁaﬁm’%gsgm 7 lggéglnéj

[ 00137] The legic&@embtoashleh the lpbﬁts ﬁm&ndasoe eupthe deittaal tlhmteﬁﬂr& fis ¢0ne¢cte610

and the baseline . restoratio 2., The.vo [

616 prdvide ge logig %l‘%cutfdlel“ﬁ Ie t?@“ttog‘al“fl’ Y dedialq & Lmﬁggthglt@%e gfgét&l&&

provide a baﬁ@hAnﬂMBQhﬂaGﬁC)t\ﬂllﬂ)be pasmvephegfamroreheutmdlecﬂmelebase| i ne

restoration CII‘CUI'[ 612, AIowPassf ilter. 620 i.s g& é 1
S em % 1nerts Wi

amplifier 6i8P14Ry; (dpSeipllovingnaise SPPRIUen fqep &gt%ﬁﬁlo coup ed to

the voltage i @&gcbeicuit 616. through another nodule (not shown) . An

anal OQgue to digital cOnverter 622 i 0 to th ow_pa f||

620 and themlg?nls nifigws 7fogh OV%P%‘?L%Q% Wﬁﬁgg’aﬁ’i‘fﬁnf Ei-Brr gﬁr‘ﬁf‘?lf Ies

the baseli neel@dtﬂ)ﬁ@-%r@é@steﬁ&‘hﬁ?ﬂmtb)fneasxlrélﬁl Eow fask thel ﬂoiser‘TOBBﬁsmg

renoves signals higher than a pre:determ ned I cLben,(l:l)( firomt he é/\O
al system e 70

2011/ 115579 Pem/msEEan ¥rOapphsto power the convention vertical axs

represents voltage, while the horizontal axis 708 represents time.

[00143] In the ECG monitoring device 110 shown in Figures 2A to 3B, the noise
702 from usmg an AC supply is not an issue, smce the ECG: momtormg device 110
20 runs on a portable DC battery supply. o L " _
[00144] Comparing the ECG momtonng device 110 against standard rnedtcal test
conditions, where 12 electrodes are used to detect an ECG s1gnal the ECG
monitoring device 110 (by using only three electrodes 1044, 104B and 104C)
provides a reduction in electrode spacing and a reduction in the number of electrodes
25 used. This mcreases interference levels and reduces the ability to pick up a. heart
signal. In addmon to this interference, noise 704 (see Flgure 7B) ansmg from
muscular tremors, is also present in an ECG signal. Such noise 704 is exacerbated
‘by prolonged usage and usage under strenuous exercises that lead to persp1rat10n '
[00145] F1gure 8isa block dlagram ofa Fnute Impulse Response (FIR) ﬁlter 800-

30~ ' to address the mterference levels and the noise 704 .In the embodlment shown n
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anplified baseline signal. In one enbodinent, the pre-determ ned
frequency may be for exanple in the range of 50Hz to 60 Hz. The

anal ogue tvpodiighisate converter, 622 then digitizes the @n@}sggugmmmsput
fromthe | ow pass filter 620. [00139] A neutral circuit 618-is coupled
to the voltage bias circuit 616, where the 5 neutral circuit 618 is
coupled to a ground term nal- el ectrode of the plurality of electrodes
104 (see Figure I'D), such as with reference: to Fi gure 3A, the

Cl ot ode. "Bt i, G USSR AT RE IR o RRE varing

processor loﬁvegdggl udes a logic circuit to V\:hl ch the ports 604 and 606
and the neutral circuit .618 is connected, 10the |.0qic

abl e to aut dHASL alfigrre @4 YAKE & shmee EPrasplation, of PIgy ggltgrpggbaicfnl A,

104B and 104{eqWh! ddaR8s idtRsdrct IevelsNBEA4lio/ Qoidé vathiie il IBIG elgealt 1 Thke.
[00141] In the foll ow ng

noi se suppressi on accordin rious
er nbodb nent sciguitry ¥19 inelgdssiapummary 68%4%2 PEriar ?Negeﬁ%t/\?s gﬁb?gg Sygpal
typically prgsepy afr%reﬂc&ﬁﬂ}t@m bdﬂﬁ%{lred-?o r@&nﬁ‘d £ebsRBTCOEiERA 983/St em

that is used to neasure an t he noi se 702 artsing from

using an AC(80IgFl y A agaptise ﬁlﬁe 9égnb"é’ﬁt8i Briegosisy Semefion, 'Fﬁe°°9%‘P‘t itedhe
axis 706 repﬁ@&@@f%& Eg%mev\tafet&cé 84, ZéHeted me%faﬁsfzpﬁnetenrse&ent S

tinme. (00 monitori ng device- 110. shown.in Flgures 2A
to 3B, the nadjsss acoerdmgomtbsufmgmmolw@élayduthe srsench RCGssignal Y43 e

the E t o |
061547 Comphibi LBl R WG 058 bRPLuDnohEMEALS HEP! V.

medi cal testECG stgnahﬂtlllaodlﬂte smedEleglthmrt@ct@@uameEG@éwmld’lﬁéﬁ‘é%a an
ECG . signal ECG noni toring device 110. (by usi ng ‘only three

el ectrodes 1833 ° 12?% and 104C) provides a reduction in:electrode
spaci ng- and [aolmepumguno )] 1i hebhockm!mgmrt of| & cirrwtte 9095 imspdeimenting ghe

heart oi gnal SUPRAISGIFETGR BT As T OrrLy caodiiiulch e findy SutgoZ
7B) arnksing Edr@]@ﬁuSt@ufeaéwé I’tEeTlﬁ‘rﬂ ECE dipwd Ylesmhithe mefermndECBpui g9l .
2 o ST SR BBl PP SRty
" bl ock di agr apy®brozides i digitdl nfiltdr,s @hide Iponbe u(;dﬁl E@ af ialtéraativg 0o the filter
descnbed w1th reference to Figure 6 above. ;
[00149] - An adaptive ﬁlter 906, havmg a transfer funcnon serves ‘to process the
20 | first ECG signal 901 and the second ECG signal 903 : T
[00150]  The circuitry 900 may. be software based and includes the followmg ADC
(analogue to digital converter) blocks (912 and 914), delay blocks (916 918 and
920), an adaptive filter coefficient block 908, a least ‘mean square block 922
summing blocks (924 and 926) and a DAC (dlgital to analogue converter) block 928
25 These blocks are connected as follows. :
[00151] A first ADC block 912 is connected to the primary mput 902; and a
second ADC block 914 is connected to the reference input 904. A first delay block
916 is connected to the first ADC block 912 and to a first summing block 926 “The
adaptwe filter 906 is coupled to the second ADC block 914 and the ﬁrst summmg
30 -block 926 The DAC block 928 {from which the de-noised ECG signal 910 is
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30to address the interference |l evels and the noise 704. . In the
enbodi nent shown in WO 2011/115579 PCT/ SG011/ 000105 Figure 8, the
FIR filtenw®@fihfssm second order/3-tap filter, inpleineatkashiBoooios
novi ng. average: [00146] Figure 9A shows a schemat i c representation
of circuitry 950. that can be used to address interference |evels and
al so noise wthin an ECG si-gnal : .-The 5circuitry 900 includes a
primary input 902 confi‘gured to receive a first ECG signal 901 and a

reference i nput.904 c nfl d to rec second .ECG s nal
(00451 . nBY B aormTa e G SR GouCeR REREN aff b 08 ek
coupl ed tb tmhgmeyggmput 902 and the reference |nput 904
wherein the tranafer function self-adjusts (of0) {0 th flﬁ
%cl b 1&153 edtote

ECG si gnal $158nd Wmnwﬁuwsé@%?%ase%é

co-efficient g 9B AR bidde BdAR! lé@stfrhéahes’qu%fiblb&kabzz eslipta R kREfirst
within the f| rst ECG Signal 901 and the: -second ECG ‘i@] gnal _ 903,-'to"

out put s an ECSrunige lock D@6, rasreery femingblogePabis oyple ﬂ?lfﬁﬁrsémg’glg s a

bl ock di agra gl PhioBY 9008 GANGREA! tb Gheé SRWAY | N
Fi gure 9A eab??ﬁcﬁldt% o4 dv?%geﬂub%gﬁg% GI‘I rrara i nput : 902 15

confi gured tADCelek/14 h@hd adastlveEﬁj@rsaogﬁﬁslemgblmde V3 tsh%SOr erarasicle a

i nput 904 co f| V- the Wnd | AmPHHEy
ermbodi nent , cpggﬁ%%r ﬁc% %?%9?’3‘33&%?%?5%3? ?ﬂpteer WhISC - may be
used .as an ablbdnmth Tbe ﬂdajt bleck artay 920 theronnectsd o thﬁﬁwombﬂ@wéﬂ@féﬁ K8

Fi gure 6 abg@ﬁpgn N &swsﬂ?ﬂ%r\ésgosllqu refifed {0 gl er?vmg

transf®r fu ves s process - 901 "and
t he second E&EBfdel@tsabf ﬂﬁ&daptn[eOﬁllf.'ﬁ(HOG'lﬁmn d¢he €iest tRGG 90alnf], peing the

sof tware bas ncl udes 't he foII Sl h al
converter). g?‘ﬁ’ﬁ‘i‘é“{%ﬁ‘?’ts R POSTAe Seﬁ B%l %:210%0(33?@}098&1#4 angq%%{
an adaptive ddduitaig e ohipur(offhe bdcom:kEG(l}legral IQthavumbcﬁnsmonsedbw@tk
''922; summin ocks, (.1924. an gue
converter) bfEIcigEde ﬁ?,d]fﬁ%gg‘ %frg)cqg%]%@e cogneg’ttg%ihlgss slgﬁ 5@09
[03151} A fg"‘ﬁ%‘é;}AEfEam o@kerRdianti ow,cowgegt\egl gemetated pylthargdapmwltﬁlt@t)z A
and a secon cted to.t e |
first delay ?ﬂebq,"kem %Sk%égd‘b ‘Ffé"&?&f?“{ quff‘Fém\giqg Eirsﬁ\%rsggflgn a%rbgljfﬁgﬁg to
a. first sunpobasibd ﬂﬁ&e&ﬁ@ECGTd“@amthh bi€orfhrt éfe:deBYBlocks b6 8dnd o
t he second ADC bl ock 9 4 a”&gﬁ first, su wg 30bl ock '926. The DAC
Wari-s % I

bl ock 928 (f P28 Whs relfipignts ¥ ATV 910
i) d1g1t1zmg the first ECG signal 901 using the first’ ADC block 912;

20 | if) processmg the d1g1t1zed first ECG signal using the ﬁrst delay block 916
| _ m) summing, using the: first” summmg block 926 the output from the ﬁrst delay
block 916 (being the d1g1uzed first ECG 51gnal processed with delay) w1th output
from the second summing block 924, wherein the output from the second summmg
block 924 is the result of the convolution of the co-éfficients stored 11n the adepnve
25 filter coefficient block 908 with the delayed ECG signals; ‘
iv) performmg a least mean square operation, usmg the least mean square block 922
on the output of the first summing block 926; and = :
) usmg the output from the least mean square block 922 to change- each co- efﬁC1ent
5 (wl, wz, w,,) of the adaptwe ﬁlter coefﬁclent bIock 908
30 [00155] " The' various co- efﬁcxents (w1, Wa,.. wn) are used to modulate the second

ECG S1gnal 903 as follows
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WO 2011/ 115579PCT/ SG2011/ 000105 output) is coupled to the "first
summ ng bl ock 926 to receive the output fromthe first summ ng bl oCk

926. [001520 20/if359 t he adaptive filter 906, a second devra¥dil/anks918
is coupled to the second ADC bl ock 914, the | east nmean square bl ock

922 coupled to the first Ssumming block 926, a second summing bl ock
924 is coupled to the first sninm ng bl ock 926 and t he adaptive
filter coeffi CI ent bl ock :908 is conneeted to the Second ADC bl ock

914. .The adapt | ter i ci S a s t to
a delay bl é‘i}lﬁeﬁi‘ﬁm %gfeé ?g%?ré%ﬁ gﬁ’&ﬁ‘gs% Fegiosh %(-f( Sﬁq

ts ﬁg 0 gg . z ﬁ gmdfg%adlg%llgg&éieagﬁlgmm @lgdggﬁglgb Imurlitipthﬁd bﬁyhe%gefﬁaemonn él&ted— t. 0
Fi gure 9B, n%fﬁé‘éﬂti ¥ ﬁ%m@&e‘%’lﬁﬁ’d% 1g&£zﬁll \?Fcr?@ggg:é[? ﬂg(‘?ge;ﬁ? %8?’"‘? H’een 1
adapt i ve il §6Ee Q6 heedoh® dblhy SloclESR. STIN-cfBbitnt WsishiullipiRddyrihered

coefficients to process the second ECG signal: 903 to pred
~out put Sand deigiieed $pgondheCE sigpekafiephavingedbes BroRersIcy ‘g‘Fd?FQngégyaﬂﬁﬁ ng

been ' proces 18 - D@elhy bREkEEGhS Hgnal
901) fromt hgﬁ?zfn\ransothglgé%%g&ﬁg@w%Bj&rkb%peﬁahg Eacﬁ j(/:o effic entﬂl(’;1 :

w')  gener at ebloﬁyarrayeozo,a@agnampte for pit @iegerdegm@teri th# onAgBRte d@nd fess than
derived from rggegﬁlng the first ECG signal 901 or/and processing
t he second S|gnar 903 in one or nore the delay bl ocks (916, 918
and 920) .. Ti@eo1&9 ef'ﬂ‘hecommtsof( ttie, saspnd summmg hlogk (A isetherreali iof the

002 2Rl T b A0, U P, e i

20||) igrtize using the first del ay
bl ock 916, . cdeffigiens biorkrP8 wish tig dekeyed HCSH sighalemiThg Bt lof Ibs seconeb

tput f th t ECG
UL UL 10 Lk 5L YRR R A ot 7
bl ock 924, wigiatiool.t fiace stuhefitst Suromng hipck Q&Mmemnwﬁﬂlleewmﬁ is
th | t t f f f
dapt e st rpbahe BOEEEE AT EBuRRIbEb LRI A A ok
i v) pekforn o adltkafist d8arblsckeloy topanat odthe fiug Isvﬂgnmmlb@a{)s’fﬁ igthan

square bl ock 9§F Qﬁdgfﬁloui,g t of the first sunm ng bl ock 926; and

V) using t heth§ east nmean square bl ock 922 to change
each co- ef f ijgj188f (M!tmevibﬂowﬁﬁlg,) bm‘elmcheraﬁ&&pglr\zdalcftmhtmcordmgftbl wireny

bl ock 908. 30. 1001551 Th ious co-efficientsw2,...: wn) are used
to nodul a e #8 bodimentsiwitichs @?ﬁ%ﬁ‘ﬁ 903 as fol lows. :

[00159] Figure 10 is a plot of voltage 1006 against time 1008 shOng a s1gnal
20 1000 where basehne wandenng is present. Baselme wandenng is exacerbated by
| prolonged usage and usage under strenuous exer01ses that lead to persp1rat10n

[00160] Designing an adaptlve algonthm that- corrects baselme wandenng 1s:
challenging as skin impedance varies greatly between users. Even thh pmper skm_
preparation, there will be a delay in receiving a stable trace for a user; with h1_g1:1‘ skin

25 impedance. _

[00161] Various embodiments use an efﬁeient'recursive filter thzit estimates the
state of a linear dynamlc system from a series. of noisy measurements In' an
embodlment a Kalman filter design is used. While cubic spline techmque may also
be used, the Kalman filter de51gn shows better performanee o -

.30i ' [00162] In the followmg, QRS complex reproductlon accordmg to varmus

emb0d1ments will be descnbed
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WD 2011/ 115579PCT/ SG2011/ 000105 [ 001561 The second ECG signal 903 is
digitized by the second ADC bl ock 914. The digitized second ECG
signal I S wdhaii/iiskiol pl i ed by the co-efficient wt. The eoek&rai/antosw2
is nultiplied by the digitized second. ECG signal after having: been
processed by the second del ayhl ock 918. The O-efficient W' is
niultiplied.:by the digitized second ECG signal after having been
processed by the sechnd del ay bIock 918 and one or nore of the delay

bl ocks, for le_n-1 ks, .in the delay bIock array 920,
for exanple ﬁfé?&gl | Fiemie ggr&ﬁwﬁrae By °htaFfah’ro°r methed) 1109, pocording decn
than or equalentbadidienf, 30 1xdie aTQRSCdeh@le Wikhih me@eaen%w@mbmnﬁhp%
924 is the res 0 convolution of t oeff|C|ents(V\,f

wit) stored et %UQBMSF%@ progess BG-C sisatls ﬂ@F%?ﬁbW%EQGMHW@&dQW
del ayed ECG dli1gQst Figuldm)put put of the second sumiing block 924 is
representative of noise signal QSg&Eresent in-the firSt ECG - - .

si gnal -%901. B afit { HR. PF%&QI havingERE detaois kecoived. AhblOdod Sest schmng

930 bt
2 iy PSS LIS By e LS U

916), the ouLpTHTRE pqakéfamerlssietgoedn Ay 1608 dhe- B26odearringywsak hdudembthsed
ECG signal  91QninludPda& isle %d}gd gé%dsg%ﬁ‘erdgtem%ﬂ cle{)hg%o Pge Iﬁ ngtersiﬂtc}ngl

reducti on accordlng to various e ts W
Fi gure 10 i saa fpf examytle,\py¢- Eﬁg@t-ﬁﬁ'ﬂSllfhgféR&siuratmmngrek&ﬁ&ansm ag QRS

s1 anal 11201000, Whehe haRelife A0IR! 11 LRSS SRl e 06, MEICRL 1O

is :exacerbate onged usage” and usage u
exerci ses t hanmmmvatho: gerdsnntcchas Brand :Q lofc@tbhé ddspéaeisely rwheg bath taélﬁpeltl ve

al gorithmthgf. . gl%rgrpeeg%%algggf {hgenm\(\@nqlgner II‘%\Q/’E Sl@@{]ﬁdl e(gg a%#smltrﬂe _

i npedance varie Ween users.
pr epar ati-on, ptelfcbteanmediQRlSe:omptbelpammetersr eceiving a stable trace for a

user i U1 MheSK, a2 RS Bk OO AR 4RO Sl
dynanilé systmmMnmmahemecuremthﬁ atpfﬂ-&ﬁné@ﬂﬁdﬁa@&emttﬁe pdak vatde.enbodi ment
a Kalman filter des Wi |l e Cubi ¢ spline techni gue ma
a0 be usdbfoghe hEHloh fed PitPany fat Prmieing i Tk Pt E e Bt

301001621 mlo nnﬁdiﬁumfﬂldeom: ﬂgcctéd:is,; pxeeeaklﬁg ttre%ﬁ)ghenmidgqne BECOHAH Mg £
vari ous e

(0] n}]
2011/ 115579%@% ?5’661%%‘3 ?tfg“{%’é‘fl ?ﬁ“@‘&ﬂ“eminb%hea’% oxflef diffireatiatian. f or
a Met’hod 110fdllowed by dedogd topded i fFiIBidicE NIn aft embQGALR, & firRBricARR!iEX

b boed “Eoc S Br BR AT Sitehsvhers it Shris i e i e o

Figure ID). equanon is solved to locate mmmg points within the ECG 51gna1 A second

=

derivative is then calculated to determme whether the turmng point is: a peak value or .-3
a minimum value. A

[00167j Atl1112,a -second peak value occurring pmor to the Q location: is dece:c:ted:: Zi
25 whereby the second peak value is denoted as a ‘P location. At 1114 a second-' .

minimum value occurring subsequent to the R locatlon is detected whereby the

second minimum value is denoted as an S location. At 1116, a ﬂnrd peak-value

occurring subsequent to the S location is detet:ted, whereby the third peak‘valnelis

_ denoted asa T location. 7 .

30 [00168] At 1112 1114 and 1116, the second peak value, the second m1mmum .

value and the th1rd peak value are respectively. denoted as the P, S and T locatlons. :
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5[ 00164] At 1102, a signal having ECG data is received. At 1104, 'a
first occurring peak value is detected. At 1106, a first m ninum

val ue occuyébiignf3sior to the first occurring peak val ugcrBcalaifsied-
At 1108, the first occurring peak value and the m nimumvalue is

conpar ed agai nst pre-determ ned QRS conpl ex paraneters, such as, for
exanpl e, pre-set cut-offs wth QRS duration greater than 70ms and QRS
1 10 anplitude greater than 250uV At 1110, the first occurring peak

val ue and t he m val ue, ar noted as R and Q | ocati ons
respectivel y ?ld&ﬁltg%feﬁmf Beak;va Eé?ﬁ"P‘? H’@mﬁ'éﬁ‘k"%lfﬁé thenird pealiryalierum

val ue match tmuﬁneﬁxdagepeméﬂahehmﬂ&mttmwf@&%ﬁ&{m ned QRS canpl ex
parameters. 0165] At 1110, the M ninmum val.le.is denoted as the Q

| ocation onl P01t hénysRe o tenmof e second peakyalies the srcendonigindeh vieeland
interval fronms hﬂdﬁ:@%va‘ﬁﬁl HE detectdd %ﬁﬁ&ceéﬁwgﬁg@a@qavﬁ%ﬁ ?Wda?ﬂ?su%

nore of the first occurring _Pea and the st"m ni
detect € by préHesatiahgauatien. sThariffermntial agratioremeyC®: alfitsaoidsi differantiation,

differential fgm%@édl | equation may be a first order
H}r}eco-ﬁﬁ %B:Qf ﬁl%i%feﬁ%hfoﬁ

differentiation, second order differentiati on. In an
enmbodi ment , HWWH st Adwﬁoma:tf"theemethod P®O0ctrydtieneitbrdted, whivebECH4siogn &0 i 1s
V\/neretheflr ggr e ero and.-.the resultin

is solved to ?%efa:atgk ?ﬂ"h’?n“%&éﬁt J e\%l( ThihocthEse e%qeﬁwﬁlangeﬂ\ﬁgéﬁ d
derivative i ¥yalhdéndeedtel At éhDGt @ noleitremmnyvaiee vdeeirig priche ﬂuarpeamgalﬁmis nt

is a pgak . Valy va 67]. At 1112, a seco eak
Val ue- 1gccurrl %‘3 %@l‘g}rﬂtogﬁg 36 I 08%{‘59%‘6“%1%1"%1 Yedie comp “&E‘@?‘é’bﬁ?
the second pdefermiatdIQRSsothpient fachnasera Rt 11 1) altd goak véheLiL&{he RinkB&and
m ni‘mum val u r subse uen t R | ocati o tected, -
Wher oby. t he- SaBE ' dehilth S RBEANEN R ind O featbns SRRy st Pesh thonpek
1116, a th| rdalpeaird Ma Inisinmec valaé Mgtch tHeSie au Qt pabAnetdde o fShb PRAd QHirled

det ect ed, a@b&bf Il"le thir eak value is denoted as a T | ocati.on:
s0.[00168] Al PR PIATSING 1116, the second -peak val ue, the second

m ni mun val L[eompl tAe 1118, r e poedtedv YREE camflex G5 NS fbx%bb gx%m%%e%%n@&
the P, S and‘lpl? agcat}#oplég WO 2011/ 115579PCT/ S@Ol 000105 onl if the
2 T

second peak SraPrsidstermed Atervals ige compared pepinsédhe vret ue

occur W t hi ndétefaiigedd@R S RoshpicR tyfairters foodEtélﬂﬂle%d?ﬂionQ Jf Qﬁ'@-fnle%tenhﬁ 04691
Any one or nore qf .the second fgeak val ue, the 'second m ni num v

and the thi FEETFESbalmpER thy Regh preiding Byindicaivaos i mepdicabeoniiginnl The

having the : ReQettahRedifidienl Baydk b hRUHM b8l seQ@ral i on. The differenti al
equatl on maﬁ lﬁ? a fi rst ordei. differentiation, followed by second
or der 9“ it enWMi2ht i1 08, comparing the. first occurring peak value and the r m1mmum value

against pre-determlned QRS complex parameters ‘may be condueted using one or
more of the following: an unage processing techmque, heuristic determmanon or -
using an artificial neural learm_ng network. N ‘
[00173]. At 1108, the first occﬁrﬂng peak vaiue:anctl the minimom;:value nia'y' be
25 matched against any one or more of the pre-deterrmned QRS compIex pa.rameters
comprising: rmmrnum QRS amplitude, QRS mterval PR interval, PR range, QT
interval, constancy of PR mterval and constancy of RR interval.
[00174] Figure 12 shows a flow chart for an algonthm 1200 iolplemeniing the
, method 1100 of Figure 11..
30 - [00175] The algorithm 1200 starts at 1202, where ECG data is recelved at’ 1204
At 1206, R and Q locatmns are detected so as to form a valid QRS complex at 1208.
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[00170] A portion of the nmethod 1100 nmay be reiterated, whereby 1104
to 1.110 is repeated as follows. At 1104, a peak val ue occurring

subsequentyd snigmssar | i er peak value is detected. At 11@Ers@2071/fofgeMm
val ue occurring prior to the peak value is 10detected. At 1108, the

peak val ue and the m ni num val ue are conpared agai nst pre- .
determ ned QRS conpl ex paraneters. At 1110, the peak val ue and the
m nimum value are denoted .as subsequent R and Q | ocations
respectively when both vaI ue and the m ni mum val ue match the -
R and Q par arf%tl‘é(Pr"s"“B’t‘rstflf’i’é(f (% d’eztoévr‘rﬁ 98T R andR whiep laeclopaiedh frefosms

15[00171] At flAfed QRS @mlphsed qﬂmsgﬁso@aaﬁy&mequém pRIOVRG 2 1418, For 1204

pre-determ ned i ntervals. At re-determ ned I'ntervals are

conpar ed agai*hd?1% He algogther b%%‘ﬁ’f-é’éﬁ l(gazsn@ agner gadespubedrier 1162 to 1110
det erm ne pOI‘othF%lﬁﬁ, Hfabb%aﬁmgﬂﬁﬁmhgﬁ&ks r[bégr-val s that match; the

mat ch provi di ? an indication of .a nedica ndition. The .
pr e- detSer mi ni#8176ht eﬁ?zl?l?rrﬁyf’b@da? insrmlqnplaee deftectidl, see omaser suﬁthG{S]IHaZ]

AL 1108, compaidiey b1z td [ SRR LS, (A48 DI

Val ue agai nst pre-determ ne arangt ers con e@t ed
usi ng one or (Mrfégtué 18Her fwlckalary: PGRET magﬁeprlamesslanga]ﬂ-eohmpm&

heuri stic | Ln artif..cial neur I t wor k.
[00173] At 11 @‘{ %% ptusy Vtld 4.008), a8 UrddR e Ea'éra'#gcjl it %ﬁ'ﬂﬁﬁ%ﬁrﬁta
val ue may. bemﬂﬁnraondmm mgebendstecad yt t216. Qhe fafmatiaf of the EQGeutke i ned

S c | ex r net er. sin i.tud R
eer a2 LR 8eRRTRE IR AT P E 500 SR T 658 1120
i nterval and desnnbddaiboyemﬁlﬁﬂus it dkrthat desi';ﬁHA%?A} 11?1;?9%;5@13&%1,5{1@03': eﬁﬂg];— Ilow
chart for a [ e t he net ho aFj gure
[00175] . Thquﬁ}gf ﬁiﬁdsﬁ%t‘@a:ﬁ ngo‘EaY Wfiefompa OdQ{CaF‘B egmined
recei ved at pﬂrRﬁétersﬁﬁ)r ﬂ:ﬂ% reRo@ittbrQudOBthbnOfGermlfitihe HRE HRY i8Qu@Sthé O
forma valid l,oop, occurs for, 1206 _and- 1208,

i .e.. other K%? |'H‘a%) PE?F?Fé@gé?équ?aé‘&P ctdatepgﬁnml%qqdhagrar@gal neural
conpl ayes, t anighetnaR!l BegdEUISRG o8 MumBe derMeatias réulakilPdQrre filriry 204

to 121chea orlthmiLZOO works | n a simlar nmanner as idescri bed for

1102 to 1110%Perilgifica! fignals of dicahrt way Baleisanined, by rompaies el hesat
algorithms in real time based on pattern recognition algorittm and rhythm

determination parameters. The collected ECG data may also be used to extract
physiologicalf indicators ‘that include, but are not 1imifed to, heart rate, basal
"20 metabolic rate VO2max {maximum volume of oiygen that can l:neE utilized io one
' mmute dunng maxuna] or exhaustive exermse), heart rate recovery, heart rate.
vanablhty and calones consumptlon These physw]og:cal mdxcators may be_'
displayed on an LCD dlsplay of a receiver or a computer dlsplay, both in- wu'eless
- communication with the E_CG momtonng device 110.(see Fxgur_e ID)._ “
25 [00178] Figure 14 shows a -network 1400 v;rhere an electxi*.océrdiog'raphio_
monitoring system, according to an embodiment, is implemented.
[00179] The ECG monitoring device 110 is worn by a user to mmfﬁtor a ph_ysical A
activity perfoﬁned by the user. The ECG monito.riog. device 110 ma?y communicate
‘ with a m;obile_. device 1404 or a web server 1406, both through a basfe station 1402.
30 . While Figure 14 shows that the mobile device 1404‘ is a mobile phone, any one or
mo:re of the following de\'{ices may be used: a PDA, a tablet and a ;laiatop. The_ web
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5[00176] At 1212, S, P and 1' locations are detected, in a manner
simlar* that described in 1112 to 1116 of Figure 11 above. At 1214,

the | ocat &go RfdnPisswal ues - (see Figure 13 for an eitenmptagyaditditolos
conplex 1302; in a graph O a- plot of voltage 1006 agai nst tine

1008) are used to generate an ECG pul se train so that -a cardiac
condition may be detected at 1216. The formation of the ECG pul se
train at 10 1214 and the detection of the cardiac condition at 1216

is simlar to 1118 and 1120 descri bed above and i.s thus: ngt fu r
described. . srver A#86 maycbespepestechin 4 R 14¢Ris It [Soﬁ?r?i’ss?s?ife?%[’? ?gb:'d

ECG wavef or MR ﬁﬁ:}‘lng %eﬁ@cﬁpﬁf 6 Fah OniPEEGUEIEE MirB& 152 IcaMmplter Ha b Wireless

pattern recognrtion and rhythm determ nation that My include the use
of i mage procBwwimgtipRCPIogRle, TheBEGsmpwitonag devirhat) B1Y Allew spmuser to

Eartificial @S:CL&;/%J VL]_F: I ”ﬁf@gulﬁl-eg)‘/ﬂ{tgm c!,egetgcqéyl@sqﬂ s@Hﬂa@uCh as.

|nterpretat|on arity-or |rregufar|ty of -the trical S|gnals
of thes hearthWObhy,Mﬁkmmdehymmmdpufamﬂon ntelligent algorithnms in

real tinme b on (! r [

determ nati iﬂﬁg%]ar z{ﬂﬂ][ t'liﬁg‘%gg% Fiég{ée %ggt%oﬁntggné P%s%éygeloulgaeyd to
extract physumsmguprmessemmmas vidratvirehess pld@nntmrﬁtavalablen@bmblpm% ¢l

to, heart rate, Onet abol

oXygen t hat ?:d’ﬁefﬁrég‘ﬁﬂqb}%% " cglﬂ gula'ioéy da @ng&%m %ﬁr& %MSI&T

exhaustive exeffsis iy H&&ﬁBluefoﬁﬂEmbM@\oﬁrtye eleetsicdl: cmcwtt éoardv\a"rthalﬁﬂﬁ ty
| n

op Aped orman TEBaatieh 1) e RPYRls bfniop MR BERaH e,
in wirel ess gaNMRICRY] ixFA-red,t Wikiher KSGpowerd @ﬁdlm@iredlmnbjc QRH,}l@h(cbevee
Figure 1D)T 25[00178] Fi.gure 14 shows a_.netwa 0 Where an
el ecti ncar di eRFFAPBHTEIREHTHIER P'i‘?ﬁ’cgl)fgf"éﬁ%'d%{:%?‘&’inﬁém?o an :enbodi ment ,
i s inpl enenyqfgi) OV kHiTiHe e BB TG Mbhifging dsice 10 1 thhtmonitrusiyy ad
moni tor i ng fae%‘xraﬂ’s%fo#&%'ueﬁfﬁ%# kG ooty Bousomb e IS
web ng ver 1?%C@%&1&Hﬁ@&%beﬂ]b@§@b&ﬁ@édl »@1&11 3fHd2rd storage capab;hty (such
as Transflash or Nand ﬂash) and GPRS or other transmission capabﬂmes toactas a
24-hour continuous operating standalone device that can transmlti to a computer
server.
[00182] Thfough analysis of long-term data trends collected, a; more accurate
20 proguosm can be made on physiological conditions that include, but are not Iumted
| to, _the heart exther under normal condition or d1seased condition of elther naturally
occurnng or pharmocologlcal dmg—mduced The electrocardlographlc momtormg
system is wireless, un-obstructlve ‘and provides contmuous and real t1me momtonng
of physiological ﬁ.mcnons that seemlessly mtegrates m the da11y hfe of a user W1th
25 capturing of real time 1nformat10n over a long penod of time, mtenswe mana gement
of an ongoing disease through pharmacological means or pre- emptnfe interventions
of a developing disease (that may or may not be symptomatic to the pétients or uuérs)
is facilitated. .The ECG monitoring device 110 muy also have additi&nal sensdrs for
monitoring of other 1mportant physiological conditions such as, but ‘not hmlted to,

30 glucose levels blood pressure, body temperature and hydratxon levels
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30Whil e Figure 14 shows that the nobile device 1404 is a nobile
phOne, any one or nore of the follow ng devices may be used: a PDA a
tabl et angy@d1affised. The web WO 2011/ 115579PCT/ SG2011pPPR&83 /58104
1406 may be connected to a PC 1408.: It is also possible for the ECG
nonitoring device 110 to transmt ECG signals directly to a conputer
via a wireless coi nnuni cati ens protocol. The ECG nonitoring device
110 may :allow a user to discover various irregular synptonms from a

detected PQR na u h rtro rkel em a

and infarcti @Blbﬂ[ OE&%%] g%h?ﬁ%ﬁéﬁﬁ E%%\ﬁpefy'ﬁmﬂ“b‘ﬁt‘r”@s 31 Isst%ﬁéhaEgﬁ
noni toring deviCR dispiay Va§4 for eealstimé wpwmgci:ss:eﬂcé@fgnal @@ﬂhmg‘ﬂoﬁl@egcc

w reless pl atfortm .of .avai L@é echn%bo es lhiQreferred nobi | e
recei ver for "AHBIIS% SFVCG dsee i Pel - FSRIVEIELP S etnay
be a Bt het Ootﬂmyrmdtﬂyelooﬁhvéhﬁwehﬁqﬂi)l,ﬁﬁi{b@ﬁé’eﬂwt board of the .ECG 10
noni torjng dﬁ]mé;? i.g Qher .wirelesss transm ssion platforns:. - .

i ncl ude, but 4 hEEeIV P dte gnay dhe pragessed it noigy eancelling P@Aﬁb@mr ed

radi o frequenedhnigiis)nothiseiitedt®a CRNEDANIQWAPSRE RN GRELO ny
data receivi ng t ool s. [001§1 ane adv%nt ageﬁ%f E PI rqnnarﬁg%%b%?@

devi ce 110 i £etewase wdiigrad) 6%4 Ralmgg diltpeto a@ermzatn@nnmmfmm pryl hiasclmbl e

periods | ongerani&ag of tie EEWsHRAMN SThERYed Xh&ﬁ%oﬁ?oﬂ&y Bt as
nonitoring device 110 can be fitted W|t ard storage capabi |

(such as Tr a3l stpssgeiiatangdispleyt kasdt@ﬂ?@mﬂghoﬁhﬁﬁ platfarma o ss:emtral
capabifgi ties a andal on
devi cellot hat Sgﬁ ‘?gaﬁ%ﬁ‘lert fotgf)lmraag %%ﬁ?tg?ﬂgﬁ%\%é)%%%g% a%antrgm!ls The
anal ysi's of [engnissiannpf deadatz drmas theo kelesomeninications nroele 1 302¢ uwas eefrl
prognosi s- ca 0 a

are not . lim te erp tt%ﬁqﬁep&ﬁgg%(? e rﬁ%{l&?gh gﬁﬁ%htgp D%g‘h%T? 1n.@Jh# oﬁ’Mb
di seased congfr gabln Bfe telﬁttﬂhrenumthmsabdﬂylwzmayralsngrans’nuphzﬂf sogldloof heal

1 nducedch el SabAasAN ARG IR 80100 BYRHET L e

un- obstructive an rovi des con uous an

phy5| dbogi cateremuml ons that seemn essl y integrates iii the da| |y I [ fe
- OF a'user. 2 tinme i tion: Iong
period of t [Wltsg] n?gﬁ z%)%lgﬁcﬁguﬁgnqs’eﬁé ¢ igyentign n]é)g’faﬁ o‘ﬁ'i‘ §’é‘%\ %SC'P

phar macol ogi cfdremme émspecific pmbechmmts umhbﬁiﬂebw@dmmna&;yaﬁosa sﬁﬂb’d?inQHé dﬂﬂ

di sease (tha omatic to. the ients or users)

is facilitat @3%84’ ﬁ'@;geﬁﬁlhhngrainaén%’imag © opge fhetrn, a}b"”ﬁa?}’@“mg from

addi ti onal sthaspiris afdscopool the invegionfas d&fﬁ&rd Hyﬁﬁ@ﬁﬁpaﬁﬂednﬂh\hﬁk OTEQécﬁﬁé
ut.not Lim ucose | evels, bl ood

condl ons s t :
pres Sué e, %}C/t}ﬁf BV i “%%P&‘Cﬁ&?ﬁq’é{t %ﬁpl? g‘v}@ glaims\gad all:¢hanges which
2011/ 11557gnﬁmeseammeeﬂaaaﬁg[mmage BT G4tifulchBy TROUS cRirkd gt tha@fé,re
nobi l e tel eclg\%ﬁ c$t ps t ool 1502 that has a LCD display 1504 fo
real tine vi %f ¢ rl%ff'é si gnal streaning fromthe ECG m)nltorl ng
device 110 (see Figure 14). However, 'other data receiving tools,
that may or may not have viewer display, nay be used. 5[00184] The
recei ved data may be processed with noise cancelling and filtering
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techniques not restricted to a Finite Inpul se Response (FIR) filter
(as descrihed with reference to Figure 8) and Kalman filter, to
mnimze notion artifacts and baseline wandering of the ECG signal.
The tel ecomuni cations. tool 1502 may al so act as a data BCOSGoel1dan s
di splay and relaying station through GPRS platformto a geatvedh7oldhy
conputer server for in-depth data analysis and tracking of data '
trends. The transm ssion of the data fromthe tel ecomunications tool
1502 to a central conputer server may be perfornmed using EDGE, 3G~
HSDPA, UTE, WFi, W Max or cable. The tel ecommuni cations tool 1502
may al so tremaMs part or whole of the ECG data to another nobile

t el ecommuni cations tool such as nobile phone for data 15revi ew.
[00185] Wil e enbodinments of the invention will be shown and

descri bed Wit h 4etlesireqspiiverphicperdtpring sysamroapusgi s, it shoul d be

under st ood by thassingkdohfigafldith be hitached 8 Radreattad bétlySpae &egRasihg) f or m

. and detag'-,l JB l_is!kl)]g, made therein wi thout departing fromthe spirit and
scope of” the T nvéntion as defmed by the appended claims. The scope

20 of the inventi ona plyralinggEclecirerics eanfppdiyithimitke baprdany @ the dpysinastheind al |
changes whi ch cnirRity\bt dicBodod) raBia R dithned part 8HE RachlotRf] biidVeadetiibly oOf t he
clains are ther§of oars(aa_mic%éangs%g.acggﬁge ogsnnpr_aced. 25 CLAIMS 1. An :
el ectrocar di ograf)'hl C- nonrtoring sys _emg(‘,onpri si ng: ~a housing
configured to be at#&steiog pechaner prvidedootergly e}%Fpg? of the mhwselisy pf) 5
conpri sieng: clecodd daRbv Hitachiblehidhing VIRBnCRNElRETE A0l bl blectiolie
boundary of thq t‘ta,ousi ng, the plurality of electrodes arranged a

di stance apart #fom each ot her and accessible froma same exterior
surface ofthe housihggmal processor configyred snsreesiie signaiiclnpyons 1o 88d on
each el ect r ode efphiriiRy ¢ cttbmkibs atd Bdnski SikiRGIG QFORe drenodd dfaw piledliae habl e
fastening bet weog.ac&gg Agﬂhgctrode and an el ectrode | ead; . a signal
processor configured to receive signals fromany one or nore of the
plural ity of elect r@&é@“ﬁﬁd‘“’fﬁ%ﬁﬁm@‘&E@P@F‘dﬁl“éwyﬂaﬁéﬁﬂf- nmore of
the plurality of electrodes; and 13a transmtter configured to
transmt sipgnals_ fraomthe si | . ( 2 . T T _
el ectrocardi o r@ﬁﬁ{%"%ﬁﬁ &’I E:?ong%? ceif%%z‘{c)gc%?'%‘?%& %i%mc]l' gfh ?ﬁeﬂ.,memkmr ein
t he pl ur al Phypliggrf gpeiedes serarsise fegrtityes ingut eleckredes pqnfi@ued o sand sigpalsct r odes
conf i gur edtd the Spaslchrabsgoral S to t he signal processor. 20 3. The

el ectrogar di ographi c nmonitoring systemaccording to clains 1 or 2,
wherein the plurality of electrodes conprise an el ectrode configured
as a gr ound- t erliif piggrocardiographic monitoring system according to cleims 1 or 2, wherein

the plurality of electrodes comprise an electrode configured as a ground terminal,

4. The electrocerdiographic monitoring system éceording to my one of the
25  preceding claims, wherein the signal processor comprises a differential input buffer
coupled to at least two Input electrodes of the plurality of electrodes,

5.  The elestrocardiographic monitoring system according to claim 4, wherein the

sig;1al processor comprises & subtractor circuit coupled 1o the differential input buffer.
" _ . .

36

AMENDED SHEET
IPEA/AU



.4. The el ectrocardi ographic nonitoring systemaccording to any one of
the 25 preceding clains, wherein the signal processor conprises a
differential input buffer coupled to at |east two input el ectrodes of
the plurality of electrodes. 5. The el ectrocardi ographi RCHBG2G10/00D0IGS
system according to claim4, wherein the signal processOReREPTI/EEDIR
subtractor circuit coupled to the differential input buffer. 30 36 -
AMENDED SHEET | PEA/ AU 6. The el ectrocardi ographic nonitoring system
according to claim5, wherein the signal processor conprises an
anplifier coupled to the subtnotor circuit 7. The

~ _elhe'cg$ rocar df.ogr aﬁbﬁ&ﬁ&ﬁﬁﬁ&&%ﬁﬁfg@%ﬁﬁ%&&dmmtmlsaﬁm& tgher ei n
the $ signal, processor conpris a bagsel jne.restoration circuit
coupled to ?’ﬁﬂg{ 2 o) = T “Tﬁgiegﬁ?ﬁq?dé?:?‘ﬁf‘fb&" or gIroity, o i

el ectrocardi ogr'aphi ¢ noni-toring systemaccording to claim7, wherein

the signal “proCegd QecubQRistIRS mdnitbhd A9EmikcANHE ©Cilih sCRRREGet O t he
-anpllfleg and fhe baseline |.D restoration circult. 9._Fhe d

el ect r ocir dTBEH PRI RBRIE 1% %ﬁ?’@qﬂ’ﬁ%‘&fﬂ?rf&t‘?%" Eolifienasd heher ei n
t he signal gbwrstessor conprises a |l ow pass filter coupled to the
anplifier and the voltage bias circuit IS 10. The

el ectrocardj ographi,c_nonitoring systemaccordjng to.claim9, wherei'n
the signal rgc SRR BRES g‘&’?f}‘l’ﬁ%fyﬁt@'ﬂé‘“?ﬁi"ﬁlg‘ﬁi% L”C‘S%%@F

coupl ed t o signal riregesiqraermprises|atvoltageibies cirbuit conpdad3ovihe emaplifie:aad thé bitime

" el ect r oGRr dedagktRR BicairTONI t Ori ng syst.em according to clains 8 to 10,
“wherein the signal processor conprises a neutral circuit coupled to
the voltage bias circuit, the neutral circuit coupled to a ground
terminal el%ct r Sipeslesfachdiopiaphictnpatitpringf systera @cqoniéasio claim §2wheminethe

el ect r ocar digagiipadebbsd coiliHsdsQNévn S Mk BkpIEE 6 MeChnipHfidr andihyvoltile bk t he 25
precedi ng clai.rs, wherein the distance between each centre of the

plurality of “erectrodes is less than Sem 13. The
e!ectroé%rdiographic nonitoring system according to any One of the

10. . The electrocandiographic monitoring system according 1o cleim 9, wherein the
sipnal processor comprises an analogue to digital converter coupled to the low pass fifter
. and the trangmitter, '

20 11.  The electrocardiographic monitoring system according to claimg 8 to 10, wherein
the signal processor comprises a neutral circmt coupled to the voltage bias cirenit, the
reutrel circuit coupled to a ground terminal electrode ofthe plrality of electrodes.

12, The 1c1ocuncazdiogmphiu monitoring system according to any one of the
2_5' preceding claims, wherein the distance between each centre of the plurality of electrodes
is less than 5em, '

13, The electrocardiographic monimring' system according to sny one of the

preceding claims, wherein the shape of the housing has a longest length of less than 7em,
30 ' '
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precedi ng clainms, wherein the shape of the housing has a | ongest

| ength of less than 7cm 30 37 AVENDED SHEET PEA/ AU 14. The

el ectrocardi ographi c nonitoring systemaccording to any one of the
‘preceding clains, wherein an equal distance exists betvie€rTE42A11/000105
centre oldie plurality of electrodes. 5 15..The el ectroc®echiwedn@phRai2
nmonitoring systemaccording to any one of the preceding clains.
wherein the plurality of electrodes are arranged so that each

el ectrode Is located at a vertice of a triangle. 16. The

el ectrocardi ographic nonitoring system according to claim 15, wher ein
the totri-angte iThs edpairdcertiopraghic monitoriizh eyseine etcodinar di @grmhoﬁ:thc

noni t.ori Ng pXSHBAIAMS, WikkeldGn bnQlsBhdlckints betd&h Bdeh cdnBi€ofitle pRIGh ! S

i soscel es. %lfc 1 The el ectrocardi ographi c nonitoring systemaccordi ng
to any one " preceding cl'ainms, wherein the electrodes are
arranged along a straight |ine. 19 The. el ectrocardi ographic

][mmt L origg wst ehR %ﬁ%&ﬂamgapm ass%fmme siferd H&oﬂﬁgqsdanygongl 5}4 -
urther in ecel yer, to, recelve si rom

transm tte?}’) mgg ‘%‘Efé-g‘élb%l’%ﬁb?fé °’f‘°61"’°t_”ﬁ"e“1‘gi°gf?/@?‘“‘lh Bcessor
configured .lstncpe@sewwbh&lswghal s received fromthe transmtter; and
a display coupled to the processor, the display configured to show

ECG data fr t nal recei ved by the receiver,., 25
Pg’n e e%ecg ardlsograp (l;.c monei\tonn system aceording to claim 15, wherein the

10 triangle is equﬂatcral

17. The electrocerdiographic monitoring systcm according to clmm 15, whmm the

triengle is isosceles.

15 18, The eleotrocardiographic monitoring system according to any one of the
preceding claims, wherein the cleqtmdes are arranged along a straight line.

19, The elecuocardwgmphm monitoring system accordmg to any one of the |
prccedmg clalms. forther comprising: - :
20 - a receiver to receive s;gnals from the trensmitter;
a processor coupled to the recciver, the processor configured to process the. l
sngnals received from the transmitter; and ' ‘
& display coupled to the processor, the display configured to show ECG data from
the signals received by the receiver. ’

20.  The electroceardiographic monitoring system according to ¢laim 19, wherein the
Teceiver, the processor and the display are located in a platfonm remote from the housing.

21,  The electrocardipgraphic monitoring system according to claim 20, wherein the

30 pladorm coniprises any one or more of the bllowing devices: a computer server, a

mobile device and a computer terminal,
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20. The el ectromarliographic nonitoring systemaccording to claim 19,
wherein the receiver, the processor and the display are located in a
platformrenote fromthe housing. 21. The el ectrocardi ographic
nonitoring systemaccording to claim20, wherein the 30 platform
conprises any one or nore of the follow ng devices: a conputer
server, a nobile device and a conputer termnal. 38 AMENDED SHEET
| PEA/ AU 22. The el ectrocardi ographi c nonitoring system according
to claim 21, wherein the nobile device conprises any one or nore of
the foll owng devices: a nobi|e phone, a PDA a tablet and a | aptop.
23. The el &t r 088 esgsandionawhivamanitering systany aqcerding de elpl g whereiarthe one
of the preamndhild gevidetdopriset iyl $h8lor @RFANTIISS Hovind QVREs: S AhtbAE phdde ROVET
t he signaldﬁgoce %grdﬁgd the transmtter. 10 24. The
el ectrocar inggﬁ (oa ﬁ??bring system according to any one of the
precedi rfg cl ains, wherein the transmtter transmts signals using any
one or nor@sof e ofebtdc it BGhHEE Holifigiin %ggiﬁm RESEO A Many 3G HETEA

Frg in nd of cable.

LTE, WFi, WNMax, | ow power RS oper at
preceding claims, er comprsing a power source to power the signal processor and

the transmitter.

10 24, The electrocardiopraphic monitoring system according to any one of the
preceding claims, wherein the transmiiter transmits sigoals using my one or more of the
following mediums: EDGE, blvetooth, 3G, HSDPA, LTE, WiFi, WiMax, low power RF
operating in ISM band or cable,



