El ectrocardi ographic nonitoring systemField O The Invention 5[001] The
invention relates to an el ectrocardi ographic (ECG or EKG nonitoring
system Baokgrioussd9Of The | nvention 10[ 002] Heart di seasecirscang/006105 he nost
common norbidities. The cost of care for recovering patients in hospital
and soci al /econom ¢ burden from patients with underlying heart disease that
is undetected has significant inplication in the | ongterm cost of

heal thcare. [3] In 2006, the cost for healthcare in the United States rose

to $2.1 trillion or 15 ercent of fhe oss donestic product (GDP).
This correlates with t heﬁ%cg o3t "éﬁfagﬁﬂcdﬁmgb’ﬂﬂga‘tyﬁﬁﬁ‘ and an increase of
chroni ¢ di seases, which account for nore than 75% of the total US

heal thcare costs. This effect is to a large extent due to the aging society
and a nore sEGkhOATVeInYedsion) e [4] However, this devel opnent is not
restricted to the US but is a worldwi de 20 problemthat both devel oped and
devel opi ng countries are facing. Hence, a nejor challenge in healthcare is
to nore effi H10&ht I yTher duvetsioni platepuabi by elacteochnkiographin C(BEG | og BEiGher of
patients usi ngniki rrite%gfi nanci al and human resources. [5] On account of

wi dely publ i Cr2ed"8CHuEN deat h cases occurri ng in the young and apparently

heal t hy people during routine exercise, the need for a 25personalized ECG
noni toring device that can be readily worn for cardiac surveillance is
required.  SuRddieyound @fLhe lyeptionn 30[ 006] According to one aspect of the
invention, there is provided an _

10 [002]  Heart disease is one of the most common morbidities. The cost of care
for recovering patients in hospital and social/econdmic burden ffoxh patienfé ‘'with
underlying heart disease fhat is undetected has sigﬁiﬁcant iimplicatiion in the: 16n’gﬁ-
term cost of healthcare. ' R
[003]  In 2006, the cost for healthcare in the United States rose to $2.1 trillion or

15 16 percent of the gross domestic product (GDP). This correlates With 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 éging
society and a more sedentary lifestyle.

[004] - However, this development is not restricted to the US but is a worldWide

20 problem‘that both developed and developing comtﬁés are facing; Henée, a;fmziijof
challeﬁge in healthcare is to more efficiently pvroiv;ide high quali:ty care for. an
increasing number of patients using limited financial éhd human resoﬁrces.

[005]  On account of widely publicized suddendeath cases occurring in the
young and apparently healthy people during routine exercise, the need for a
25 personalized ECG monitoring device that can be readily wofn for cardiac

surveillance isi required.
Sumniary of _The‘Inventi.on

30 [006] According to one aspect of the inVe’rition, there is- provided ‘an

electrocardiographic monitoring system -including:z a housing configured to be



el ectrocardi ographic nonitoring systemincluding: a housing configured to
be attached to a creature body part, the housing including: a plurality
of el ectrwdesicasd’oned wit hin the boundary of the housi mgr/sGheripbawsl ity of
el ectrodes arranged a di stance apart from each other and accessible froma
sanme exterior surface of the housing; a signal processor configured to
receive signals fromany one or nore of the 5 plurality of electrodes and
transmt signals to any one or nore of the plurality of electrodes; and a

transmtter ¢ ured to transmt sjgnals fromfthe signal processor. [7]
In the cont e?& E}F‘%%ual %fﬁaémén‘b@% %tgegﬂf"l‘?é“&g}c jding: acplpgdisy af slsewesiss ¢

moni toring sysifeiel wign iRl Wunlfy P ehhouiRize HiMinG nd
process el ectrocardi ogl? am (E&Gagr EKG)0 Si ggnfal gﬁ{ V\hﬁﬁlcdéseg%e&g% ﬁa%g%dr ?cal

represent at i Si§tagge anast frR@ eashothee end acepssiblei from of satieeexterior tsudaceroft thee.  ECG
di cat th | I nesses in different parts
R b PR i e S

of the heart can neas a
heart .5 An ECQusilgynaf ekamodes amépfamﬁmtsmabytoaangmlelcﬁ: rﬁ@ewfrtﬁélpﬁuﬂfty patterns

with different freque content S.COo exes, and T waves). These
letters (Q % d% HGX‘WS%@” %ﬂ”(\b"ge‘ieglt‘iltr H’é%“@}a@eﬁ‘i%ﬂﬁwal BIGCRREAN ect i ons
in an ECG tr agm) ( SeR hN@ntdxt bBARribWs EnBoHiBiedt3) the 3fn @elear%gdl%;\éﬁ\{@ oceur

in rapid succession and reflect a single event, so are thus nor
consi der ed aBOBIGE BystesRpmax refar o opsyer o@wdngqastse@@f dctecttdnd @%ssorrpl ex.

A Q wave is }ﬁgy%é;g | ec r an upward
defl ection aﬁg&{cﬁg : Véﬁ?? (grn]%}tggvx%% 51‘5’, W%e Iaecefnl %lﬁ°t3 rep ' %8{%0&/8 e.

wave @¢curs fhesonadditr a2ifithef Ql%&eanrqvhleﬁme [ER]G Indidates tl@foo\teeaﬁ rithny af i OUS
enbodi nent s, ,the r usin mean rtabl e structure havin
suitabl e di n@ﬁ&eﬂﬁg ‘ﬂ’fﬁ? 5?*%&3 qlﬁg%ﬂtd?.?ﬁsr?gﬂ{)g‘eﬁ’é ma‘lsflﬁc Fap &easwre 8o ur e
body part. TmeglhﬁasbﬁtgmmmmeoﬁtﬂeemhhAnnEeoes@ﬁngsn 1S réjr&sfem%ﬁwa for
exanple 7cm a _breadth in the range of 4 to 8cm for exanple 5cm "and a

hei ght in 2%°lif@ceurrgee of Patteres w&hndlﬁfepntefche/ eonésunh GQB momp&ﬁxomel’
embodi nent, jjer RAHSHNITHRY l&%s ttgv$e§ Pryntiof)%g ra%ﬁ“ %ﬂ %%SFCV\E’eé‘%) y at

greatest points, the hou5| ng ngt h of ‘6¢cm cmand a
hei ght5 of 1. dflectians in heEéf@tra)ct(S@fnumaldGQZ anﬁlgdrerrlsl)t the R amdt ewvawe of the

housi ng cont gj ns. th the tr nsmt er and.an

el ectri cal c%r?‘ﬁolrr\lerﬁ léi S}lec‘flsjsll(r)e cfrg f)crf)‘ Single 3Y1e(5‘ P AFs s nymabise g?ﬁj‘aﬂ so as

t o nonitor medtvholstcainp&x N@v?&kﬂc&i5§7s98%feﬁﬁ3@lﬂg &Qﬁ}ﬂ@ﬁ AOQHave id he
ments, the term"el ectrodes” may: nean any

cont ext of var aﬁf{l B
el ectri cal AR CHPR R F g VEnyA % Rayeve s gn U@)é/&fépd@lecgw Ffp%
triangle, cime b%a@%ﬁfﬁo%&‘@éﬂe@ﬂo@mﬂ%m ReivenA "ﬁarabgg&uf’s%ustr}ﬁ& are
able to detect: ECG
20 the QRS complex
. [008] - In the context of varlous embodiments,. the term “housmg” may mean a
ponable structure having sultable dimensions that allow the housmg to be attached to
a creature body part. The housing may have a length in the range of 5 to 10cm, for
example 7cm; a breadth in the range of 4 to 8cm, for example Scm; and a héight in
25 the range of 2 to Scm, for example around 3cm. In one embodlment the housmg
may not have a uniform eross-sectlon, whereby at’ greatest points, the housing has a .
length of 6cm, a breadth of 5.5cm and a height of 1.5cm. In the context of Various .
embodiments, the interior of the housing contams the signal processor the

transmitter and any other electrical components requlred to process and transmlt '

30 ECG signals, so as to monitor health status.



signals. In the context of various enbodi nents, the el ectrodes detect ECG
signals in 5 a non-invasive manner - either by direct contact on the
surface oloaobedysmart; or indirect contact through dockicmgceevedas!ic
contacts, the netallic contacts being adapted to directly contact the
surface of a body part. [0010]In the context of various enbodi nents, the
term "boundary" refers to the perineter of an external surface of the
housi ng, so that the perinmeter of the external 10surface surrounds the

plurality of electrodes, alth h at |east a portion of the plurality of
el ect rodes nﬁ@gfi e Igﬂ tﬁﬁéoﬁﬁ’ét %fg‘%i"ﬁﬁi E‘Pg‘b‘ﬁmFWé’ @ﬁtt%mha‘ﬁe“éﬁ FRCBaY S8L1] | n
the context afy Madtiiodlscopaide] TBdésal Habiig 8y Bhad GHALxIMAC RS tridiBl, MBan a

nodul e capable of controlling the electrical conponents, such as the
plurality of cElecaryakandihtyitheany dirssiont e long Hatther aregdlploedrtecy B

modul e. For éi?x%tlﬁ%q e Edfext %ﬁv@&p%bs’&i %ﬁé?t‘ﬂé;e’fé@ék&é%&'&’r%éﬁ?%{‘g%lﬂ% i rom any
one or nore of the plurality of electrodes or transmt signals=tomany one
or nore of téeopinvasive manoér etidet bydiect ddneacs bgnkd syfae @ atodygyarteseCut e

instructions, t.o perform.a | ogic, sequence,. wherein the instructions -my be
enbedded or BHS é’mﬁﬁng@“ﬁﬁeéqcbﬁﬁgm%ﬁtﬁ%ﬁc@nﬁﬁ?: the @Ftaﬂﬁ ¢9Rtacts being.

i mpl ement at i sdapefl td HieswelbhtactQhe durfate SCE bdlypartt he fl owcharts | ooping at one
or 20 nore portions, wth the signal procéssor activating one or nore

conponents dP0tUhe dndbe perient @ garensirmbofmnts therigrms ybeundpryd wefrsds thdre
e o e RncAor 40 S maT o of Wk ME Aol bt BE pELESH! PHIER ey o1 9N

processor may be an application specific 1IHtegrated  Circui
entirdly fabwrioct sdrramds the pdirality hafpeledtroded)ealthongtext ekt sepurd@ndiaheor

t echnol ogy. The..ASI.C have .one or.nore devigces that provide 25

processi ng fégﬁrék;ﬁ'oorfselegﬁg‘f\esé’%ay,&ﬁﬁ OWRﬁ)?erBPetEﬁ?fﬁﬁeg?’ﬁerﬂéi Sﬁ{fa“ter ansi stors,
resistors, qe@d¢itdnshe catdesttio?varionderhbithénts - thd B@mStsial plREASE® SRy May
conprise a nmenory which is for exanple used in-the processing carri'ed out
by the si gndPearipedderapaplen rentipllingthe elecirinal compeaenie sech avdle plaralityol ati | e
menory, for §xamb AdRAM 1 df%mp : y on-vol atile
menory, for cgxarrpl gesga 30Pﬁ%§?@%§%b e %ggg%%%n@ﬂmag%%

(Er astbl e PRl pRERFROMNIY esstive cagnals Fomsatyl endPROMgre arf the folarslitynefiror y,

e.g., aflo at e oLy, caccharge trappin o .anI\/EAM
Magnet or esiaeg‘%ciﬁgg% rnttﬁ%n%E%csé als RENCAY) 0ns o algg&%}&m% Bﬁ%@lg}’ ehatTgE°%sndom
g v ¢ .
Access Menorhe. sigddDfidkéssort ey exstt@Mhstictivdr tb Pefomirh dskicdtfusnce! WaedeRr M
"signal" may,refer to F[]ng&sd gnal s or %\Py ot her signals that may be
used in the t%ms%?tiqq@ gy befm or programmable. The logic squence may refer
to the implementation of flowcharts of instructions, the flowcharts looping at one or
20 B ,.more portibns, with the signal proces_sor activatihg oile, or more components of the
' - electrdcardiographic monitOring,system, such as the transmitter and any one of more :
of the plurality of electrodes. The signal processor may be an application Speciﬁé
integrated circuitry (ASIC) entirely fabricated on a single chip, in the context of
semiconductor technology. The ASIC may have one or more devices that provide
25 processing functions such as AND, NAND, or OR logic using transistors, resistors,
capacitors, inductors and the like. The signal processor may comprise a memory
whiph is for example used in the processing carried out by the signal process’dr. A
memory used in the embodiments may be a volatile memory, for example a DRAM
(Dy_nafni_c Random Access Memory) or a non-volatile memory, for examplé a
30 PROM (Programmable Read Only Memory), an EPROM (Efas’able PROM), ]
EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gaté



5signal s. [0013] According to one aspect of the invention, there is provided
a nethod of locating a QRS conplex within ECG data, the nethod including:
recei vi ngwe 28ignsd7ohavi ng ECG dat a; detecting a first oecwsGng/opeak val ue;
detecting a first mninmmvalue occurring prior to the first occurring peak
val ue; conparing the first occurring 10 peak value and the m ni num val ue
agai nst pre-determ ned QRS conpl ex paraneters; and denoting the first
occurring peak value and the m nimum value as R and Q | ocati ons
respectively when both the first occurrj eak val ue and. t he m ni mum val ue
matoh the R ERHOD: dnares EpRingmemary e McA M (Hagbtorsiat voRpdom pasestrot er s,
15[ 0014] I n t PRn@ey)lo? %P CRAMAPLAY CheRRAUNABAL Soced MehEiyN * Pre- det erm ned QRS
conpl ex paraneters” may refer to pre-set cut-offs wth ORS duration greater
t han 70ns ar8013ks alapthe tegaexiypk serqustamhodpaans,. th¢ W5 sigebT tiapgefeo tone
aspect of t RNyentd e ST i decki.ng interface;be en an
el ectri cal Qgg?g%g{}%gn ?anr?; e éf%lbgaégﬁﬁggg%?%teﬂgg‘gg%l%l?e!?]rélo?lhqtnél rgfogf‘ége %Igg?

i ncl udi ng amsignaéctri cal contact provided on a housing havi ng di nensi ons

allowing att nt,to creature body, part; .an electrode | ead adapted to
contact a cr[«@@l{]{ﬁe BE RIS N st ‘%atggé‘}ﬁeﬂﬁoq’ré]&qﬁﬁﬂﬁ RiVided @i Iﬂggo‘gﬁfei t her

or both of tagatRlg@CORECRMpL&N AL FUT dithethe h?e@ﬁddqgauhiﬁgﬂrewviﬂg 'a%‘{énfaﬂSt ening

between the electrical contact and the el ectrode |ead. 25[0016]In the

cont ext of VEAVINEUBCE st idaiepting a firse opayring pekkvatug; ideteetingarc Btst mayimuef er to a

structure f ' ' j device.tq, be renmovably

attached too‘?h’geloéf&mﬁgl t%goﬁeziﬁaggé@%ﬁ%ﬂ ‘?aguet’ gwgéandlétqg%ﬁ £4° Cﬁ‘_’ﬁ“ he

conteit of vmeakovsluentralithe ntmimbine vakiemagehe ¢ pre-dedrminedt QRS ¢ompléef er to
device that is apted to be

el ectrodes, |ocated o n ECG, si.gnal detectin d
removabl y atRAERESt @%a‘%BBtb‘%ﬂ %6&_2%’_90%8?%9?:'? ‘%@G agfi ifninigum y aE@ &t ect ed,
the el ectrodsd @l loowictg rRepebely ivieal bdtl the fhr§tasteWirnzepbak Ovally @€ N9 by
el ectrical copponents within the ECG signal  detecting device. In the
context of VBIIBYE alsJaMARieR anhQ nagmsters oé gherpserdetenniged QRS qoafndex t o
el ectrodes thalmaLg in direct contact with a body part where an ECG signal
is to be detected; the electrodes allowing the electrical contact to fasten
t heret’o, so[8Ha#l tHe th¢ contexidef Vemds ambodinents| ¢t tenoafpredettmohedQRSsepar at e
structures. clopnplex parameters” may refer to pre-set cut-offs with QRS duratibn greater than

70ms and QRS amplitude greater than 250uV. ’

[0015]  According to dne aspect of the invention, there is prQVided a docking

inte_rfacefbetWeen an electrical contact and an electrode lead, the ddcking interface
20 - including an electrical contact provided on a hoﬁsing having dimensions allowing

| attachment to a creature body part; an electrode lead adapted to contact a cfeature

body part; and a fastening mechanism provided on. éither or both of the elé@:trical

contact and the electrode ﬁléad to allow fastening between the electﬂéal contact and

the electrode lead. o :
25 [0016] In the context of various embodiments, the term “dockinvg:interface” 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 context of

various embodiments, the term “electrical contact” may refer to electrodes, located

on an ECG signal detecting device that is adapted to be removably aﬁached to a body
30 part where an ECG signal is to be detected, the eleCtrbdes allowing an' ECG siéiél to

~ be transmitted for processing by electrical compo'nents within the ECG 'éignal



5 the context of various enbodiments, the term"fasteni ng nechani snf may
refer to a structure that allows the electrical contact and the el ectrode

| ead to swowngy/115379a det achabl e manner, onto each ot her pcr86tofiAceos di ng to
one aspect of the invention, there is provided circuitry to reduce noise
within an ECG signal, the circuitry including a primary input 10
configured to receive a first ECG signal; a reference input configured to
receive a second ECG signal; and an adaptive filter having a transfer

function, adaptjve filter cou dtoth rimary input and the
reference mﬁﬁ? “gkd@?”éFnI?H?Ctopﬁﬁg?ngar’fOBﬁE 'B‘E“%eétsf g‘ﬁdf‘?}st%e%éoﬂ"éﬁng to
the first ECmagiraleato alRerddi€ tBRGRNt ERGt %bﬂ&étlwﬁlpaﬁ{oﬁgﬁbﬁﬁ Wi ehh Igd@nts for
the adaptive filter that reduce noise within the first ECG 15si gnal and the
second ECG s$igilis to deodetpried; athe RiGireflesnallowing ithe etestiisgele comait ste. faft@918] | n
t he cont ext I t r.m;"¢ci rcuit e understood as
any Kind of f?lfe e\(;cgls{): ‘tﬁlﬁt %%ﬁ{)ﬁgééar}dtpg elegt calﬁ:orﬁt&g:/t e, sepgrgge Szruc?)lfﬁspifé

circuitry or tha cpntex:taﬁsranoms(mbﬂdumgns alid ta8eh & fateRlr@Cnédhamsiie B fefef to amar e,
or any conbination th in an enbodjnent, a circuit may be a

f
hard-wi red | SgicRre 2 Saﬁlfe)t%auﬂf‘e Sté%'é%lr Efgt‘%?ﬁﬁﬁgltée 1ettﬁtr%dec ead (19 SeaBhingd a

pr ogr anmabl eddiichesle H¥hnerCorto e hBtkdropr ocessor (e .g. a Conplex Instruction
Set Conputer (CISC) processor or a Reduced Instructlon Set Conmputer (R SC)

processor). [ﬁ\‘(’H]r cubqeordige i gue bepeet off bednvmtionxderst is myogddd viamuitry & 9. any

ki nd of co r C t am u a virt ual chi ne
code such g‘ij‘ég&re égga‘gm/&ﬁyalgt%ée(r} ﬁg&d ﬁ{ e gg Eld a?t%?fn%}?' nP
respettive fmﬁguradSO \ndsueo/ie a/\ﬁrst ER& sigsaly  befdrence nipmeC(dﬁtgarieH tb@é&We@y al so

be under stood as i rcu or.dance with an alternati ve enbodi nent.
Bri ef Descrily BB& gfgiptltf‘oggfq havingea Hﬁﬁﬁfﬁ’rn‘fﬁcuan ke ?‘@PﬁYf‘ence
characters gﬁilt’ei‘r@hbhéd l’tSftﬁé prifhab) @n W@ AR RAS brfefeREOUPAOUINGR AL ff2REE

views. The drawi ngs are not necessarily to scale, enphasis instea

gener al | y beVRgHop ssiediusiencortingde tlutfirsfg%ﬁél@pt andlith¢ easond E€Fesigmalnt i on.

In the foll ve

descri bed w%a%g%gfégﬁ%gﬁt% g& ﬁlqﬁ%%?%ﬁ %gigggmdnﬁgslg sE:R)Q\F/f@nﬂ ﬁh ﬂ{sbgg&?ﬁ gure
1A i slsa schengal mdtépsmedtﬂélﬁ smgnabfto aurtped aacﬂ(t@s@nallhagmgpéduf:edmbmﬂl toring
system accor, tq a Q021] Fj.gure 1B is a_,schepatic

represent at i on%gf grrll @Fec‘tn ed‘tt:a(t d| SpHTee (Jd’gﬁ’?tf’ot n&r?ys‘flgiwtac@d}’d?eng to an
enbodi ment . yndeRidpEiagbiiyekiaCothRe igpldn@itiaH afitityf @Excl@-mﬁ?b@@ﬂxra@-ﬁﬁ@o@ ng to

an enbodi nent,,
c1rcu1try or a processor executmg software stored m a memory, ﬁrmware or any

comblnatron thereof. Thus, in an embodiment, a circuit may be a hard-wired logrc

20 circuit or a programmable logic circuit such as a programmable processor e.g. a
microprocessor (e.g. a Complex Instructron Set Computer (CISC) processor or a

Reduced Instruction Set Computer (RISC) processor) A c1rcu1t may also be a

. processor executing software e.g. any kind of computer program e 8. 2 computer

program using a virtual machine code such as e.g. Java. Any other kind of

25 implementation of the respectlve functions which will be described in more detail
below may also be understood as a circuit in accordance with an alternative

embodiment.



to locate a QRS complex within ECG data. 15[0023]Figure 1D is a schematic
representation of an el ectrocardi ographic nonitoring systemaccording to an
enbodi mrernwo0 2p00A&37Fi gure 1 E shows an inpl enentati on of PCW&G2011/000105

el ectrocardi ographic nonitoring systemof Figure 1B, according to an

enbodi ment. [0025] Figure 2A and 2B respectively show a top view and a side
vi ew of an ECG 20nonitoring device, according to an enbodi nent.

[ 0026] Fi gures 3A and 3B respectively show a bottom view and a perspective
view of the ECG nonitoring device, according to an enbodi nent. [0027] Fi gure
3C shows the |location of V1, V2, V3, V4, V5 and V6 ECG | ead | ocati ons.

25[ 0028] Fi QUBﬁQfﬂé&crﬂ,ﬁoﬂm"ﬂQmﬁﬁﬁﬁgg ively show a top view, a bottomand a
side view of a docking pad havi ng docki ng el ectrode | eads, according to an

enbodi ment . [0029]F|gure 4D shows a schematic representation of a docking
L erTace. SRAMIS 4 hEahyRand Wl LORECLE ALY, B AR SEaksgpEC 1
el ectrode | etdsighatabe diffecent Giean. é\hb(dchwmgﬁ are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In
the following description, various embodiments of the invention are described with
reference to the following drawings, in which: |
[0020]  Figure 1A is a schematic representation of an electrocardiographic
10 monitoﬁng system according to an embodiment.
| [0021] - Figure IB is a schematic represenfat_io'n of an elcctrocardiographic
monitoring system according to an embodiment. .
- [0022}  Figure 1C shov;fs a flow chart for a method, according to an embodiment,
to locate a QRS complex within ECG data.
15 [0023] Figure 1D is a schematic representation of an electrocardiographic
monitoring system according to an embodiment. | '
[0024] Figure 1E shows an implementation of the electrocardiographic
monitoring system of Figure 1B, according to an embodiment.
[0025]  Figure 2A and 2B respectively show a top view and a side view of an ECG
20 momtormg dcv1ce accordmg to an embodiment. ” |
[0026] Flgures 3A and 3B respectlvely show a bottom view and a perspectlve
view of the ECG momtonng dev1ce according to an embodlment
[0027] Figure 3C shows the location of Vl V2 V3 V4, V5 and V6 ECG lead
locations.
25 [0028]  Figures 4A, 4B and 4C respectively show a top view, a bottom and'a side
view of a docking pad having docking electrode leads, according to an embodiment. -
[0029] Figore 4D shows a schematic representation of a docking interface,
according to ah embodiment. R
[0030]‘ | Figures SA and 5B respectively show a-top view and a bottom view ot a

30 docking pad having dockiog electrode leads, according to an embodinient.



WO 2011/ 115579PCT/ SG2011/ 000105 [0031]Figure 6 is a schematic
representation of a signal processor, according to an enbodi ment.

[ 0032] Fi gwoeoiiA1s3tows noi se typically present for a convemsicanaloomas

el ectrode wired systemthat is used to neasure an ECG signal. [0033]Fi gure
7B shows an ECG signal having noise arising fromnuscular trenors.

[0034] Figure 8 is a block diagramof a Finite Inpulse Response (FIR)
filter, according to an enbodi ment. [0035]Figure 9A is a schematic

representati f CLI [o]0) tQ an l0enbodi nent; to reduce noise

within an E sﬂgna fel ‘[%O%égy i fﬁléll??é lgelsgrﬁgttmd'l %Igzkmﬁ’?aiﬁf%ﬁ‘?sfif aﬁccgﬁ’tn&}?t ry,

accordi ng thmambdsrbméntnent that can be used to address interference |evels
[0037] Figure 10 shows a signal where

and al so noi thipn an_ECG si gnal .
basel i ne mn@g?ﬁng # @géh‘?ws p@}%@pmaawéesmt fon@\geneentipeal I2heleatrotlor a

met hod, accommgyswnaﬁtﬁrﬁgamomeureaﬁmdmﬁe a QRS conpl ex wi thin ECG
dat a. [0039] Fi ure 12 shows a flow chart fof an al gorithminplementing the
net hods of [0033 Figure 7B shows an ECG 51gnal havmg noise arising from muscular

tremors. . , .
[0034]  Figure 8 is a block diagram of a Finite Impulse Response (FIR) ﬁl_tef,
according to an embodiment. | |
[0035] Figure 9A is a schematic representa_tien of circuitry, aiccording to an
0 embodiment, to reduce noise within an ECG signel.
v [0036] Figure 9B is a block diagram of a circuitfy, according to an embodiment,
that can be used to address interference levels and also noise within an ECG signal.
[0037 ] Figure 10 shows a signal where baseline Wendering is present.
[0038]  Figure 11 shows a flow chart for a method, according to an embodifn_enf,
15 to locate a QRS complex within ECG data. . )
[0039] Figure 12 shows a flow chart for an algoﬁthh implementing the method of
Figure 11, according to an embodiment. _ |
[0040] Figure 13 shows an exemplary PQRST complex.
[0041] Flgure 14 shows a network where an electrocardlographlc monitoring
20 system, according to an embodlment is 1mplemented
[0042]  Figure 15 shows a light and mobile telecommunications tool, according to

an embodiment.

Detailed Description
25 '
[0043] Embodiments pfovide for a simple non-obstructive, mobile, light-weight,
cable-free, electrocardiogram (ECG or EKG) monitoring device that communicates
wirelessly and continuously with, for example, a mobile phone for data collection
and analysis. The ECG monitoring device provides a personalized cardiac rhythm
30 detection and heart rate monitoring device for rehabilitating patienté recovering from

heart disease management as well as individuals that are conscious :of their health in



Figure 11, according to an enbodi nent.

PORST conpl ex. [0041] Figure 14 shows a network where an

el ectrocawdizograpdioc nonitoring 20system accordi ng to aoTaGhedonens

i mpl enent ed. _
tool, according to an enbodi nent.

provi de for

wirel essly and. ont| nuous for e bi | e phone for data
col l ection af§ hﬁtai}%geg‘enlfh‘éwﬁﬁg ml)

[ 0040] Fi gure 13 shows an exenpl ary
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and duration of various ECG waveforms. Through long-term recordmg of the heart
beats, irregular heart rhythm and periodic irregular heart rate will be detected at rest
as well as during exertional activities. By comparing collected data against historical

data of the same individual, an accurate prognosis can be made by physicians and

evidence-based symptom management can be recommended for tirnely interventions

in a tailored rnanner. :

[0045) A System incorporating the ECG monitoring device,. can be used for
continuous monitoring of heart thythm and heart. rate irregularity’ that may or may
not be coincided ‘with symptomic complalnts. (e.g. .palp1tat10n, syncopel,
breathlessness) of patlents. Through the analysis of long-term data ttends collected
a prognosis can be made on the heart condition of the patients. This may. “entail

intensive management of ongoing disease through pharmacologlcal means or pre-

emptive 1ntervent10ns of developmg disease (that may or . may not be symptomatlc to

the patients).

[0046] The system allows for non-intrusive and Simple monitoring. The' ECG
rhonitoring device is light—weight,_ mobile and cable-free, with sensors that attach to
the chest of individual for direct electrical signal’detection The'ECG monitoi'ing
device has, in an embodiment, three electrodes to prov1de for a Lead I or Lead-II
conﬁguratxon A Lead-I configuration measures the voltage between the left arm and
the right arm. A Lead-II conﬁguratlon measures the voltage between: the left leg and
the right arm. The detected signal is transmltted wirelessly, for_ ex_ample, via

Bluetooth to a mobile phone that acts as a receiver for continuous data for data

storage/data display and relaying station to a central server for in—depth data'analysis :

and tracking of data trends.



potential fromthe left chest of users, digitizes and filters data

i ncl udi ng anplitude and duration of various ECG waveforns. Through

| ong-t er woeonwdssvg of the heart beats, irregul ar heart pcmgGhomangoperi odi c
irregular heart rate will be detected at rest as well as during exertional
activities. By conparing collected data against historical 10 data of the
sane individual, an accurate prognosis can be nmade by physicians and

evi dence- based synpt om nanagenent can be reconmended for tinely.

i nterventions,in a {ailor nner 45] A system incorporating the ECG
noni tori ng d@\‘)“ﬂe' &%O‘ﬁee"ﬂ’é’ggnmalﬁ‘{n?%rﬁ%d&@%ﬁﬁ%ﬁ hlg ipgb ﬂlﬁté!a%fg“:qqﬁyt hm
and heart r aglgctidde€eihiok up rlghmaéccmtélﬁs B ¥pabd Mew & ﬁ?'efé‘ew& %#@

synptoni ¢ conpl ai nt's pi tation, syncope, breathlessness
patients. Threduess Segvef(wetngy,yéb snagipn |agfifacts evith datrainimen dembet béelbetobdea

prognosi s ca hear f the ti ent

entail int engllé\ige%n ag%ﬁne%ftég%&%oﬁg&%%ﬂgh{ s@gs re?‘ﬁ‘F%u‘S‘ﬁ nﬁﬁgr %P‘Bﬁ?‘bm

means or pr emtqnferanee |and énewteg‘dniertamn of saleN-8izo pabkhgdé H8ARE elckhddic TRYuiR! May

not be synpto i the nt s ] The system all ows for -

non- i nt rusi v@gﬁ%}j ﬁ% Orr?B ra& tﬁ’?ﬁ‘égﬁeg‘Wﬁ? HRE Y aseypiseefestion |

l'i ght - wei ghtof BUOU lw@v@ﬂﬂﬂn Ca@!uﬂrufs r@odihdns SBHS Y0P dhh%etaaddaﬁ -drﬁﬂdt%l? chest
0

of individual for direct electrical signal detection. The nonitoring
devi ce has, § ?Ft@ﬁe%‘iﬁ’tﬁliéﬁrﬁéﬁtfomtaht?ﬁel@teéné'(ﬁfteon@@nged PYIogind do $\u¢ata Lead-1 or

Lead-11 25 t fl | t
ot PO O op PG AR b B e Mol e

bet ween t he arm-and th arm
t he vil t age drewinggrefeh® doaf;tonéregthamér\tetarmﬂg’mr the sﬁitne-lﬂilepdiet ected signal is

transmtted |l e r.exanple, .via Bluetooth to nobi | e phone t hat
acts as a ré@fg{ﬁ ﬁ?’%"i/ré t ISndotflenalia fFHFse&aaPans%raag%Faaqcardengﬁn hig, and
rel ayi ng st ahbsitoring sﬁst@xﬁnmatco&ﬁﬁ%/@)ranfea{bouﬁnéi@pth data anal ysi s 30and
tracki ng of data trends W0 2011/ 115579PCT/ SG2011/ 000105 [ 0047] Vari ous

embodi ment s (999 adBr &% sembadimens. jags glestresprdiagraphie binphitoyingf sysG® el Mct r odes
to pick up shapads: a&%@dl? YS?%Od%r&P?%'Bega gcihﬁ@ftﬁeah&eeﬁurgcg (PdeaépaCI ng

reduces significantly notion artifacts w m Al i nunbar of
el ect 5odes The housing 152 includes: a plurality of electrodes 154 confined w1th1n the boundary

of the housing 152. The plurality of electrodes 154 are arranged a d1stance apart
from each other and accessible from a same exterior surface 152s of the housing 152.
A signal processor 156 is jconﬁgured to receive signals from any one or more of the
plurality of electrodes 154 and transmit signals to any one or more of the plurality of
20 electrodes 154. A transmitter 158 is configured to transmit signals from the signal
processor 156. o - |
: [0051] Flgure IB is a schematic representatron of the electrocardrographrc ,
- momtonng system 101 ofFlgure 1A. o » :, _ v _ |
[0052]  Similar to Flgure 1A, ‘the electrocardlographlc momtonng system 101 |
25 includes: the housing 152 conﬁgured to be attached to a creature body part.
The housing 152 includes: a plurality of electrodes 154 confined within the boundary
of the housing 152. The plurality of electrodes 154 are arranged a distance apart
from each other and accessible from a same exterior surface 152s of tlre housing 152.
The signal processor 156 is configured to receive signals from any one or more of

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



and | east spaced el ectrode arrangenent, (3) presence of noise, transm ssion
S5interference and heat generation in snmall-size packages having el ectronic

circuits,wendil(dysmhe need for conplex algorithmto basetirsewandensng for

accurate detection of ECG waveform Various enbodi nents allow for dry, wet

and bio-insul ated el ectrodes to ensure performance integrity after

prol onged exposure to sweat. [0048]1It will be appreciated that common
nuneral s, used in the rel evant 10draw ngs, refer to conponents that serve a
simlar or th J,00 ure 1A is a schematic representatlon
of an el ect r8 E;Fg?ﬁll ‘iesn]d%l' Elll SEjdgrelnd1ig coy BYPYith Frapyniy signals

enmbodi nent . rrgglagg glgnﬁ@,r@gmgqment an el ectrocardi ographi c nonitoring
system 101 includes. a housing 152 configured to be attached to a creature

body part. {853ihe Fgusi Hyshosm theicthe ghuality oﬁblspmdesyssﬁnaed ilecltld@atelsas154
h 152 Th t
confined wit In Bt Q]%!:’t?&lﬁ!-@(lﬁg} slﬁs@1 e y ?nﬂ Sdflﬁélgnél?dtoatéﬁesm bl e

el ectrodes 1 arranged ance apar

from as sane sagmaé rprcmesssul’i5610’Eheil;ﬂﬁ$htyfoftelbetrbd3ﬁ|5ngnaySRcluaRe & @ectlodpN SABSSOr
156 i s configured: t.o receive signals fromany one or nore of the pl urality
of el ect r odeSofgYreg 7y ﬁ‘?’lm’g‘l lgnal s to any one or more of the plurality

of 20el ect r qyes4)154Fighret ISR th@ thd g‘r%nélﬁ)r&&:@ddr 946 Ghy! { cllld@Q %Wfdrerﬁlag nal s

fromthe signal rocessor 156. 00511 gure is a schenatic
repr esent at i BRWoPuiferel ¥idir counled ¢ etyleapthiveo rimmut tebQCIrndess«yfstlenplmﬁhlrtmbf Fi gure

1A. [0052] Si gLliifged 95K O s1%ioa‘l|_g gssg §6§ RS gl'u gr ?F C%%DQI%(%I%r %g%sySt em

101 25 includes: the housi con igure ature
body part. Tiepldumithg differentiall ingetsbufferpl 6. i mheos‘lgral Pedoessde sl s6Sayg onf i ned

wi thin the boundary of +t sin 52. . The pluraljty of electrodes 154 are
arranged a d’inultug c% ’l]erfl%%u gl?giolohlel‘F %‘r’?gaﬁ%é’égllbllé@cr orhhg gk
exterior surﬁrac@so%l?% efayt MElubO US baxglired ZestoFAtfonS i 15Hb9&%§§ﬁéd 156nd S
configured to receive signals fromany one or nore of 30the plurality of

el ectrodes 13@Plien 15pa mafthe §P‘§ff?&F°§ qisudnp6eme e signab podcesser 156 may

include a voltage bias circuit 156vbc coupled to the amplifier 156a and the baseline

15 restoration circuit 156brc. The signal processor 156 may 1nclude a ‘low pass ﬁlter
156lpf coupled to the amplifier 156a and the voltage blas circuit 156vbc The s1gnal

processor 156 may include an analogue to digital converter 156adc coupled to the

low pass filter 156lpf and the transmitter 158. The slgnal processor 156 may include

a neutral circuit 156nc coupled to the voltage bias circuit 156vbc, the neutral circuit

20 156nc coupled to a ground terminal electrode 154C of the plurality of‘ electrodes' 154.
‘ | [0055]. The distance between each centre of the plurallty of electrodes 154 may be

'. less than Scm. The shape of the housing may have a longest length of less than 7cm

~ An equal drstance may ex1st between each centre of the plurality of electrodes 154

[0056] The plurality of electrodes 154 may be arranged SO that each electrode

25 (154A, 154B and 154C) is located at a vertice of a trlangle. The triangle may be
equilateral or may be isosceles. The electrodes 154 rnay be arranged along a stralght

line. ‘

[0057]  The electrocardiographic monitoring system 101 may further include a
receiver 162 to receive s1gnals from the transmitter 158. A processor 166 is coupled

30 to the receiver 162, the processor 166 configured to process the s1gnals received

10



plurality of electrodes 154. The transmtter 158 is configured to transmt
signals fromthe signal processor 156. [0053] Figure 1B shows that the

pl ural it ywof2orlasi’zvodes 154 may include at | east three ipop$G2eli®dnwddes
(154A, 154B and 154C) configured to send signals to the signal processor
156. The plurality of electrodes 154 may include an el ectrode 154C
configured as a ground termnal. [0054] Figure 1B shows that the signal
processor 156 may include a differential input buffer 156dib coupled to at

| east two input electrades Qf th | ur gl.it f. el ectrodes: 154, The signal
pr ocessor 15%0%'56 ?rﬁ‘&ﬁnﬂﬂg ]a?%s u‘ét‘ﬁi’@?yg]]ﬁ% df ?%‘\Hreld tq dhsRr O‘if@SQfdégvl thedisplay he

di fferenti al 1681g8Hfighredfte Ehold BTG ataliiéin TeOidtal 1 QRIS thd RBeivEY162NC! ude an
anplifier 156a coupled to the subtractor circuit 156Sc. The si gnal

processor 158038y | 'hes teaeiver I9dsdeipreesses i@ andi thndisplay 168 mugbbiesatedipl ed t o
the anplifiep gi‘a@%ﬂn"’lﬁﬁ rbf6te SHIM BRHRENE 'ié%.”'ﬂre %rré@f%ﬁ% d??%ﬁ?r'b%na%l e pFessor

156 may include a voltage bias circuit~156vbc coup vhe a ‘Fffer 156a
and t he basetmoreoflthe felbdwing tdievinesc iarcomphitel S&herc a mdielesdegicalanpraoepart 156

may i ncl ude | ow pass filter 1561pf, coupled to th |-jfier 156a and the
vol t age bi as%gf”rn\é\q]i ?ﬁi%\bﬂﬁﬁe‘f‘ﬁ% Y PEANY A6 8 SeYF O%B%HEPA WiRE AeHES ah
anal ogue to gioBilé fhone CAIWBAL £table? RS 1apRPP! €d t o the | ow pass filter 1561pf

and the transnitter 158. The signal processor 156 may include a neutral
circuit 156n80%Yupl Bd ano embedipsnt ahewsi & KigwieuilB, 186y stectredardipgraphial

circuit 2015 &_gilép I r.m tr 154C of the
plurality of&g&éct ogbgsg‘*“i?f ?‘88?@?* %agbg?%ng%?%etl\?\ggﬂ Oé’i’:%ﬁ tf(l:lgnl$n§1 of the
pl urall¢ty of pretesseriddesd IHedramsmittee 15&ss t han 5cm  The shape of the housing
may have a | st length aof | t han. 7cm An equal distance may exi st

bet ween eac hﬁ@@ﬁt r e+lb¢f g‘f”?lsémb?ru?g}?itfaﬁs%’fts S1EBREE ' aﬁ%lﬂne[@ogﬁfﬁ’rﬁg Burality

of el ect r odefldrihgrai¢divensAIBIGE GEnEdhcéd PatL 2tk RIreGEMPEGI0BA Sy fo 54B and
154C) is located at a vertice of a triangle. The triangle ma

be
equi | at eral ¥ebileyCoampaigatiaasle Evolptigns| kiaetpefhie S Gl X ardmggnasation;r BSEPA al ong a
straight Ii iof}- - ' F[@J(Iﬂ 23atal ' SY&E:E;. may
further inc Fﬁg%ﬁ’ ggé@ﬂ&%lﬁlgg%%%&%gdszﬁ ? o) re('?g \Tg%?gﬂgﬁ%l) T?ﬁ@%ﬁ({)ﬁ%fé}s
transt tter 1068, agapmeteskonsing6IEEE c812plledoBBiumidation r stemdavds); MBMax he

processor 16 QL gur rogess.the signal s received . fromth
transnitter @%@?%d%?%tgﬂ%gér%@é‘/ ?05r S@bcﬁ%vf'aevﬁ ‘g%cef Z’eprﬁfotf%g@é?d ‘i%gl?‘? BRE di spl ay
168 confi gur&2.1504-3003wskafardafon £6voRateaVisélesdaPerstrat eArea dNbiwoklae (LRCei ver
162. [0058]T. ceiver 162, the processor 166 and the display 168 may be

|l ocated in a&%ﬁi\ﬁf SPeh f?ozrgé?ﬁat]@_ t PBYFT KR ﬁf&g@i HEAueD9Y) PPREaiHigat dPM 170 may
be any one qinduBtigl, SéiehtliR dn@lrhAMal)baA@Yl &BR: @ computer server, a nobile
device and a conputer termnal. The nobile device may be any one or nore of

the f3 1 ow 180&evi ddgureal Groiowe pHbave chart PIA, for pabképd.anctordingipe om
embodiment, to locate a QRS complex within ECG data.
[0062] At 172, a signal having ECG data is received.
[0063]‘ - At 174, a first Qﬁ:curring peak value is de't_ec::fed.

[0064] At 176, a first r:ninim@n'n value occurring prior to the ﬁr’st;focc‘urn'ngi jlp'eak.
25 value is detected. At 178, the first occurring peak :vél:ue and the rrﬁn_imum vaiu:e are
compared against pre—detérmined 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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[0059] I n an enbodi ment shown in Figure 1B, the electrocardiographic
nmoni toring system 101 may include a power source 165 to power the signal
10processwo 206611587d the transmitter 158. [0060] The tran®girtscee11068 05
transmts signals using any one or nore of the follow ng nediuns: EDGE
(Enhanced Data rates for GSM (d obal System for Mbile Conmunications)
Evol ution); bluetooth; 3G (3rd generation); HSDPA (Hi gh-Speed Downli nk
Packet Access); LTE (Long Term Evolution); WF (wireless 15 | ocal area
network usin W Max: (Wor | dw de

| EEE 80 1. communi cati on standards);
| nt er oper abi ﬁlOP,EIEf o?\ ﬁ/ﬁé riBGa AR valug mahl’&t“ﬁ?:‘d? atthe £ losatiqmenly pithe
802. 15. 4- 200 3ismeadige SQ@brslAiRa be-Wineh 8&vaSEER iRlpedt 6audlet wor ks
(LRWPAN), such as Zigbee; |ow power RF (radio frequerl)cy operating in | SM

(i ndustri al , [0967lent Af 124 apdi 1 s @hx ahg obmott @ﬁtheéibite)cclﬂﬁ[lﬂﬁﬁalq #idgthe ErstC shows

fl har t n di.nme ocate a QRS
20rrp|0\(,avxcvmal hlmrltglé]&p{daa?eaﬁ% ggg?‘f‘%l%%?gl chssgl gt;na nzglwrl&g %&édﬁgga [
recei ved. [ O@@dfokentil dquasiof.i The diffeeanrinl ay@ap@niay 8k Wdirktor@@ tdeférestiaibR064] At
176, a first ni num-val 9 rior to the first occurring peak
25val ue is dg‘lllg © ys?ftong? ‘Elllg 'IP‘gnoccurri ng peak val ue and the .m ni mum
val ue are compggied @a@m@ﬁﬁ)d%@rﬂah@rrlﬂtm@éﬂdé&%ﬁng%mk&m ﬁpeakmk%r éumllg065] AL

180, the first occurring peak value and the m ni nrum val ue are denot
as R and Q |ne@ntpc§heQr1@@pe@@md/¢qn9tmm@n seeomt pedlevdlig asta Bbncation. iy speadk val ue

?q'gg E: (I‘)]I'eirp lrne;(] I D a;ﬁglﬁg?u%%&l}ﬂhg %ull%e&llh‘dt la'%r ﬁnl% {0% I%Ily E)C del%lél%d da%td etil m ned

10 second minimum value denoted as an S location. A third peak value occurring

subsequent to the S location may be detected and the third peak value denoted as a T
location. :
[0069]  The second peak value, the second rrjﬁnimum value and the third peak
_ valuemay be'respectively' denoted as the P, S and T locations only if the second peak
15 value the second minimum value and the third peak value occur w1th1n a pre- deﬁned _
interval from the R or Q location. o » '
[0070]  Any one or more of the second peak value; the second rrlinlmum value and
the third peak value may be detected by processing the signal having the ECG data
using a differential equation. The differential equation .may be a first order
20 differentiation followed by second order differentiaticn In an embodiment, 'a first
derivative is obtalned for the ECG signal, where the ﬁrst derivative i is set to zero and
the resultmg equat1on is solved to locate turning p01nts within the ECG s1gnal A
second derivative is then calculated to determine whether the turmr_lg point is _a peak
value or a r‘nirlimum value : o . SR
25 [0071]  The following process may be reiterated: detectmg a peak value occurrmg
subsequent to an earlier peak value; detecting a minimum value occurring prior to
the peak value; comparing the peak value and the minimum value against pre-
determined QRS complex parameters; and denoting the peak value and the minimum
value as subsequent R and Q locations respectively when both the peak value and the
30 minimum value match the R and Q parameters of the pre-determined QRS complex

parameters.
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WO 2011/ 115579PCT/ SG2011/ 000105 [ 0066] At 180, the m ni mum val ue may be
denoted as the Qlocation only if the m ninmmvalue occurs within a
pre-defi ned 2ontasazal from the peak val ue. [0067] At 174 a&na/SGZ6L1/0a0m95 one or
nore of the first occurring peak and the first m ninumval ue may be
detected by processing the signal having the ECG data using 5a differential
equation. The differential equation may be a first order differentiation
foll owed by second order differentiation. [0068] The net hod may further

I ncl ude det | econd val ue occurrin rior to the Q location and
denot i g nelRaAn, aTRERRAG RIS st RuSEmRS erut e Bteoriertiphemaiarvas. o

occurring sulyhegueadterntinédentéRvhloGady BE cBRYarle %@ﬁl@lcﬂﬁdp@-m@tehﬁﬁled Iorgecond
m ni mum val ue denoted as an S location. A third peak value occurring
subsequent t 6°HPlex BARBEtsEs to deterying portientef the prerdetarminedhintery alsahat matdhue

denoted as a ty inb 006 iy - second. 1 [l num
val ue and thteh-gt%ig{reg %gglﬁmk 4 \%]él;[ %g‘)’?rg’goﬂg‘epg’ggé% |1v§’i'yt121§n‘gr§ e%gggfgmf%e P, S
and T $ocati owgvarhyy bé at meltipkecof t0 pemkdd Fonkxmnplt he isegansduliphi stino val ue

and the.third peak v -Iauz ocey W t@i na Ere-def_i ned interval fromthe R or
Q | ocati on. f"-‘(ﬁg’}‘%]%}? dARSEPIN AN 30reMdS second peak val ue, the second
m ni mum val u@o?3]d t Dempdtingthd Ga ov@irtifs PRk RRIHBHARS BEnRNNPIACESSIRY t he
signal havi ngregdréﬁ:ngggdanlt{Sa corﬁplex parameters may be conducted using :6ne or more 0f
the following: an image processing technique, heuristic determination or using an
10 artificial neural learning network. '
[0074]  The first occurring peak value and the minimum value rﬁay be matched
against any one or more of the pre-determined QRS complex paramefers comprising:
minimum QRS amplitude, QRS interval, PR interval, PR rangé, QT interval,
consténcy of PR interval and constancy of RR interval. L
15 [0075]  Returning to Figure 1B, the electrocardiographic moniforing systéfn 101
| may further include a doéking interface 182 betWeén an electrical ?contact 'arid an
electrode lead. . | .
[0076]  The docking interface 182 includes an eledtrical contact 183 provided on a
housing 184 when having dimensions allowing attachment to a creatu;re body part, an
20 electrode lead 185 adapted to ‘contact a creatﬁre, body part;- 'ar21d a fastening
~ mechanism 186 provided.‘on either or both of the'électrical contact 183 and the
electrode lead 185 to alléw fastening between t_heiei:lectrical contact 183 and the
electrode lead 185. In Figure 1B, the electrical contact 183 and the ﬁousing 1:84 are
shoWn to be provided by the plurality -of elethodﬁes» 154 and thé hOUSin:g; 152
25 - respecfively. However, it will Be appreciated that in another énibodimerit E(not
| shown), the electrical confact 1>8'3 and the housing 184 are those frorh another ECG
mohit‘oring system. , | » ‘ |
[0077] The fastening mechanism 186 may include 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 méy include a stud and popper.
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using a differential equation. The differential equation nmay be a first
order 20 differentiation followed by second order differentiation. In an
enbodi mrerwp 2011165 derivative i s obtained for the ECG ergmsakoiiwheos t he
first derivative is set to zero and the resulting equation is solved to

| ocate turning points within the ECG signal. A second derivative is then
cal cul ated to determ ne whether the turning point is a peak value or a

m ni mrum val ue. 25[0071] The foll owi ng process may be reiterated: detecting a

peak val ue o ring. subs ent_to an.earljer r val ye; : detecti.ng a
ni ni num val u@ﬁz%curgllr?\lﬁgﬁﬁ?g’rgt rc?d’tl??enod%eaﬁ'ublgl ﬂg,ﬁéboﬂﬁ%ﬁii o ?ﬁé’rﬁ‘ﬁg‘%val ue
and the ni ni Thenckalivrg 188dhdlades pEhST et 0QRANGERR| 16 edtd A BrR ECG and

denoting the pe lﬁ val ue, and the m ni rum val ue as subsequent R and 58
| ocations r e%‘ﬁ’@it Pver yelfrsace BBEh 19% eondieared\1g) raeeivma seqead I6:6 signalnd Bal ue
match the R andaQapaiaBBiil 992fhabie Phgidat fhbaded ! ters.
WO 2011/ 115579P%:T/a8 011/000105 a[ 0872] Thsgél oggﬁcgld a%gg%qﬁg?efgéﬁggﬁggﬁ
grouped i nt ocqupteddetthe piimedy inputelSPadnsl. th heferpnes thptiet 99, ndardimther tvakfer may be

conpared agagnst the~pre-determ ned OR ex par. ters to det i ne
portions of H%gtsoﬁlr %‘ﬁgg@gsrtsrﬁaﬁcéﬁg{l%g%rt@;ﬁgs(%% S@gﬁﬂmﬂ‘g tﬁ%ﬁ?‘fﬂn%; di ng an
i ndi cation ofigeal 13ltoctbdwerdidificiénts fon thedaptihet el 0 that REGSMBiseBhibDe a

mul tiple of 10 sec s, for exanple an integer nultiple of 10 seconds, such
as 20ps eco ndéle éf’iﬂcégg Stoah il .af[dg%‘? PG signalh 93 te getpeican EE€Criignabak

val ue and th@i‘ﬂa@id@-&%ﬂ&ﬂlﬁ%is@.ggﬁitHéEmbodiﬂEﬁ'sﬂ%ﬁrﬁ%%ge %Rﬁhgi?imit?fr(l%
paranmeters may be conducted using one or nore ofl tfte foll ow ng: an 1 mage
procedki ng tiedmenidadein the pracsssor 1ofet Howeveat it ahpossibles ionlgpvarihel Siandtrd i1 88 al

neural | ear njng k.. 741 .Th irst occurring peak val ue and the
m ni num val Ell’erggrr‘gg‘?{?\é@%%‘?%{%g’g) cglésé)f ‘rralss " any one or nore of the pre-determ ned

QRS conpl ex [per9netkgsrecdDpisi ai Sghemaiiai eprasddBioanpt idhUdRcrddRRidgimival , PR
interval, PR range, %@iﬁﬂt ﬁ{)val , ,constancy of PR interval and constancy of
RR i nterval _mgrgfc%@gg;i A r?@c‘?rS‘nFi Guite emBodimat o i Plsetercardingranhin

noni tori ng syshifMngQdstBRY100UhEIn&ds dn@@%rﬁtoﬁﬁ%lﬂbﬂge i 16 8f afEmifcaRet ween

an el ectrical contact and an el ectrode | ead.ad[e 076] The docking I nterface
182 i el udesandriragsraisy wirelasslansk epotinucgslyie avlatietn dd0-a » 5

[0080] The platform 120 may be any portable computing devicei‘conﬁguffejdz for
data collection, storage and analysis, such as a mobiié phone, a laptoi) ora téﬁiet PC
(such as the “Apple iPad”). The platform 120 -méy be any one br more 6f the
following devices: a computer server, a mobile device and a coxﬂputer teﬁninal.

20 Information in the platform 120 can then be transmitted via exiéting telephony
networks to another remote processing device 122 (such as mobile devices of
personal cqmputers, mobile or static computer serveré) for further ahalysis. .
[0081]- Thé ECG monitoring device 110 has a :housing 102 éonﬁguréd:;t:o bé'

- attached to a ¢reature body part.. Thé housing 102 in¢1udes a pluralify’ of elec_trjdde_s
25 104 cénﬁned ‘within the boundafy of the housing 102, the pluralitji of electfddes
~ arranged a distance aparf from each other and 'ac:c'essible from- a;. same eﬁteﬁor

surface 102s of the housing 102. In the embodirﬁent shown in Figure lD, the
housing 102 provides 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 1D, the interior cE)f the hdusing

contains a signal processor 106, a transmitter 108, a power source 115 and any other
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housi ng 184 when havi ng di nensions allow ng attachment to a creature body
part, an 20 electrode |ead 185 adapted to contact a creature body part;
and a faswenhngiisegehani sm 186 provi ded on either or bot rcofscetaediest ri cal
contact 183 and the el ectrode | ead 185 to all ow fasteni ng between the

el ectrical contact 183 and the electrode |ead 185. In Figure 1B, the

el ectrical contact 183 and the housing 184 are shown to be provided by the
plurality of electrodes 154 and the housing 152 25 respectively. However,

it will be aagrem ated that in not her engodl ment _(not shown), the
el ectrical CORHEA CYBROTEAY TEsHiref G BFORESS £A4 UAPEME GG BBt Catub mRaniters

moni toring syitRMNtathdO0 Thk Thevd ashRei NG ﬁ@&é}@ﬂh@@lgmﬁ{%@é/ssw??d*%d apy one or

nore of the foll ow ng structures: snap-on buttons I ps, nmagnets,
studs, adhestransmitaidO&nd hook 30and | oop (Velcro) fasteners. The snap-on
button may I de 2011/ 115579PCT/ G2011/ 000105
[0078] Ci r cui p%ﬂwsﬂl Stléhql gr%g%s&%gﬂ);%és wht V%f‘%uredlto BEES %lﬂ}%ﬁfs OTHAYY BE° BF ovi ded.
The cig cui t rijork& tlner‘;dhmd@&of&lqntrbdimrlm iafid transhfOsigeild foguk e bOmMbRCSTItNE a

first ECG si 9 r nce i,nput. 192 configured to receive a second
ECG si gnal - Ig Lﬁ’nﬂtl&ﬁ Qﬂjgﬁt e ¥ the @ et SOAWN AN Figwe r 1}, thesignebn. The

adaptive fi |§r86e530941 06%165%5&45%%&:1& {eB&va HORY ¥r béﬂp'ﬁ; arly 9n& 3¢ é{?(ﬁ'@ olf‘%lfreer ence

i nput 192, wherein the transfer function self-adjusts according to-
first ECG sinjwalityloff elsstroddsel edbmscadacsi tnal log@3segoenseotihiodh Umyelia‘l CI ents

for the adap at reduce noise within the first ECG signal
191 and the éé{ébcgﬁ%i%é%&%r%ﬁlabﬁl% to out put an ECG signal 195 having

reduced noi @084 n tThe earﬂsnnitdrem sheomfiguredHogtiimmiBsighdle feini abié tsignall 88 10i s

provided in the 0Cess 166. However is possible to_have the
circuitry 148° W%\? @gd ?h IIWBS’%‘?ﬂWbImaﬁrB“c&saé‘V onseor Pgts7ef thegillewans i s a

schematic r apsdeast B8DGE éEﬁhaﬁBec?'D%@aI hREATTEH WHMP(H6bal SystEM foP VPSS Y St em
100 according to an enbodi nent he el ectrocardi ographic nonitoring system

100 i ncl udesCommpnatipnal Evintinp).ddviteeth1 16 (Fdaaenersiionin HERPés(HislSdeadr ansmi t s
Wi rel esSIy anc, (AR VOUEL s OB RL B RLA FD:bAOSRTRGL BLALI 20 ey

be any portable conputing eV|ce contT gure i Of, or age
and arsal ysi sretvmrkhuaag alBRibi §02. lph@nmmumclaam ofamiarda), t &Mk IPWo(rlﬂwﬁ:de as the

JLATERLC T AR R, R R RN S
standard for Low-Rate Wireless Personal Area Networks (LR- WPAN), sueh as
Zigbee, low power RF (radio frequency) operating irl ISM (industﬁai, scientiﬁe and
medical) band or cable. |
20 [0085] A receiver 112 receives signals from the transmitter 108. A processor 116
is coupled to the receiver 112, the processor 116 configured to process the signals
received from the transmitter 108. A display 118 is ceﬁpled to the precessor 116, the
display configured 118 to show ECG data from the signals received by the reeeiver
» 112. In the embodiment shown in Figure 1D, the receiver 112, the processer 116
25 and the display 118 are located i ina platform 120 remote from the housmg 102 The
platform 120 may also send the ECG data to another remote processmg deV1ce 122
(such as a central server) w1relessly or via cable connection. _
[0086] In the embodiment shown in Figure 1D, the ECG momtonng device 110
provides a personalized cardiac rhythm detection and heart rate momtonng device
30 for rehabilitating patients recovering from heart disease management as well as for

any individuals that are conscious of their health and can be used to accurately
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20l nformation in the platform 120 can then be transmtted via existing

t el ephony networks to another renpte processing device 122 (such as nobile
devi ces owoperisapab conputers, nobile or static conputercIscGzens)omer
further analysis. [0081] The ECG nonitoring device 110 has a housing 102
configured to be attached to a creature body part. The housing 102 incl udes
a plurality of electrodes 25 104 confined within the boundary of the
housi ng 102, the plurality of electrodes arranged a di stance apart from
each other and accessjble froma, sane.ext.erior surfaceI%gZS,ot t he, housi ng
102. In the DR WERE CRBCHOR FOMF Gardiec Bincrs, dus, rPieb SIS Gale t he ECG

moni toring deslieed 4@ cah b s@redl iRl Berddly nRsuleaPl46nIRSEQG: m¥Hosig dSvice
non-obstructive, nobile, |ight-weight and cable-free. 30[0082] %n t he
embodi nent  shbhselfi{brsending a pitablesignak pm dhe Hgnal peochssas i ¥fgtochbamemesy a

signal procegsaile 138y, & fbaiediold 88 Q8 i tlpé)W?alifoﬁgufZ%eEéa%?&gma&Xa ot her

el ectrical conponentS required to process and transm't gnal's, so as
to nmond tor hamlysts stditaase rEhiewpbavedissasar pwgick&opother Sndyher Smay atot pboOCEssor
106 and the transm’tt-ter 108. %0083;Th ' sjgnal processor 106 is configured
to receive sTEIPAPRAYERERAVERREr By ES6f the plurality of electrodes 104

and transni t[0687gnal Ehet BCENMoRRiR dEREC1 1f dbf&sPléihi bk & nrokpdes 104,
In the enbodi ment shown  in Figure 1D, the signal processor 106 processes

si gnal s receplalty pbrlesirodesni0d slegiicabpeteptialpfipm »fody eap) whigh|is ythert

el ect rodes i gdenye [ uen: j.ck - enbedded or
pr ogr anmabl é&éﬁl(%fcpo?)84 ‘?’e[r]e t rglﬁg%@tdér&%%éqlﬁg ggﬁg?taur e@gﬂieg%PgﬁS%a desi gnal s
from the si ghuhtiqur eficesmos EOI6 waTtfernts: afibioiigls continays teeofdingasfyheartebear nor e

of the follown jung: EDCE. (Enhanced Data rates for GSM (J obal, System
for Mobile d\é\/{ﬁ*r%m%ggt‘? gﬁ%‘ﬁe ’é.\%fo&‘ﬁi %‘Fe Bl ﬁ@’taglé‘t%t 15¢8 aérllfaﬁerﬁig?’ﬂ’[ agh) |
HSDPA (Hi gh-ipiedid Prgilat MearPaeteetan b€ afetelted LdtErebl @81 Gvelle hdnNdaMAg Wation , W Fi
(wireless local  area 15 network using | EEE 802. 11 comruni cati on standards),

W Max (Ver | dRcHOnRACEY R Batsiompayng Bie cRpErisHely sccarded siate, Wi be distrisabased on
the | EEE BO%aléoﬁm%QQﬁe%ﬁ(ﬁmﬁﬁlg%ﬁ Q(Ecull'agé(\" EsiV% 1{3%@‘ |d§ %y}glgﬁ&a@

Net wor ks (LR-WPAN), such as Zi gbee, power ra uency

oper ati ng i revidshbg-basdd symptain, maggemerit carcbearedommendsd| fr txaely iwervestiane..

20[ 0085] A r joyer 2 regeiyes signals fr the transmtier 108. A
processor Jgﬁls cc?1T LFeed??o Sl{?‘n‘gs r_aelgellm 2?“1 Iﬁ%]fqnt rof 6&%0%15?5’1‘;”%’@”@3}& i gured
to process thenigirigpadystetneded WEdFiftire N D hecdor g b tdne emB&Bment, dbspAAY. 118 is
coupled to t e@ro essor 116, the djsplay cgnf i glured 118 to show ECG dat a
fromthe si gFes/"éryHeeshestiorardiogrant detertiut and owirglgss; data o FSEISFAR: &SHown i n
Figure 1D, th&iveeefh¥sthpdd?, the processor 116. o

20 - [0089] In Figure 1E, the ECG monitoring de.v.ic'e 110 is attachéd to a créat_uré
body part 140 (Figure 1E shows that the body part.140 is a portioﬂ above the left
nipple of the chest of a human being). Preferably, the ECG monitoring device 110 is
éttached on the left side of the chest of a user to detect electrical pofeﬁtial of the heart
betweén:cdntfaction cycles, Whe_réin the electrical ﬁpofential values Ear:é digitizéd and .

25 ﬁltéféd to prO\:/ide data being amplitude and 'durati'o:n :0‘:f various ECG ﬁ"vav‘e'fonr'is:. |

| [0090].' - The ECG moniforing device 110 transmitS Wirelessly and ‘continuo.l;,ljskly tc; v
the platform 120, being in the embodiment shown in Figure 1E, a mobile handphone.
The display 118 shows the ECG signal waveform that is detected from 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

1E, a laptop. .
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25 and the display 118 are located in a platform 120 renote fromthe

housi ng 102. The platform 120 nay al so send the ECG data to anot her renote
processi rgodeniases7822 (such as a central server) wirel epenpGasiixp@osabl e
connection. [0086]1In the enbodi ment shown in Figure 1D, the ECG nonitoring
device 110 provi des a personalized cardiac rhythm detecti on and heart
rate nonitoring device 30for rehabilitating patients recovering from heart
di sease nmanagenent as vveII as for any individuals that are conscious of

their healt C ed J 9 aggurat nage wei rreduction and/ or
cardiac fit gg@ﬁduralﬂ l(f,]re%xer 1o aIreSB%(tt’iV\‘?]i%'t%ﬁgg" 2 VI 91 gc‘t e a0 @%Pn be
stored in a FEGOhynitoeiedldevitd ctsrdingao BaESembodin@ht. N Figwies @AlaHA 18,384 T (by
sending a suitable signal fromthe signal processor 106 to the nenory
modul e 114), “SGrOfttlI‘Ferege&?I&ed‘étﬁleff’é1§9 frdbe ERG menigaringrdsyiee. 1eme he sppaas t er m

data anal ysi g3t GRuofiRY déWed 10 6f P el]ﬁr@%@ﬁ%?fgn%@ﬁqﬁ@&%d@y not

be synptomatic to the patients or person at’ ris moni toring
devi ces 110 dmpmitaring systews giat ereschamativaléy presérgedinuigines j/ApIB ehd¢Dr d’des 104,

by che o1 gnaiEat Bt s NIEELD N e RSOV R GRS ot o

of various Efisiavediddke withraighb@onéitouoms PO fbditdithetlystb@adtschsat rate
whi ch t he above rrentl onéj device is capable of, irregular heart- rhythm and
periodic i rriogiesiAnBand 1Bt e can be detected at rest as well as during

various. exerppgyjal Bt E¥G n6sitorkl &szpalrmnaqlomefopeaﬁﬁdtugyﬁloxu&.gxggorfgﬁd dat a

with the hi storl cal data of the Sane individ an accurate gnosi s can
be matle by pirpeipk larthe rande 06840 dehaoas, tfase@nwenfﬂr@mundﬁd@ersemmgamulbe
recommended f entjo F| hows n

i npl enent at |cc?(§rg8%l Thé ygeefﬂ%t rat\c{)crﬁ’r% (peSeCt% cWOIT £ ‘agﬁ‘ﬁfﬁl t‘?ﬁ?@ﬂ@' B#t Fi gure
1D, accor di ngay or sy asbisdidimided vich sﬁr@bd)xﬁfcl’@ﬁ{pl‘dlﬁte-(é g emalitadieh, s98&pd] ogr am
det ecti on and V\ﬂlrel ess data trangm ssion . to a receiver or a conputer.

20[ 0089] I n FTRiRlEsshess) fom megss-nphhe BIonHeriRge PP 18y b exiendedhidy caablen

creature bodynBidus kﬂ&nfoﬁhﬁlﬂyeclﬁfg@%dévﬁ@t whilé i QF¥ratde Br £4Qsing &4 portion
above the |eft nI% | e of the chest of a human bei ng Preferably, the ECG

moni t Bri ng cRe{aread batteyy pack:mpbsewd).on the |eft side of the chest of a user

to detect el ic [ t t cI es,

herer ot no IBRLL ¢ AnchiRLSRLPh of o BCTRBILE IRED FO M RSB GV B D,

'FI)'L OVIE (czl:g dat a?@mnggogfrm l(tandefoxa&xdmﬂltrhm carbre‘afdth/m4| iauke 156@ u?ﬁt/e)f&mnfor EOO?(@]
e moni t or i evi ts wir nd continuo o the

bl ot for m 126 SBRfE R Tgd et gl fofle bt 18 R PbepR e i se

handphone. Th® EUG MoaitoddSd&hans otohalpEééﬁnSdr&rlalthéAﬁMgé & 200b h@BodosmAHet ect ed

fromthe creature body part 140. Data related to the ECG S|3nal ‘waveformin

the ploat f or fPno@mple I10mmoendiweighy wdhe rapee pES i De&yicngnelevPeelma®,  bei ng
in the emo%ﬁﬁneﬂ?%hbtﬁu@ %Y fot have a uniform cross-section, whereby at greatest :

points, the housmg has a length of 6cm, a breadth of 5.5cm and a helght of 1.5cm. In

this embodiment, the area of the ECG monitoring dev1ce is around 3300 mm?®. ‘Other

: embodlments may use different dimensions 202, 204 and 206. The housmg 102 may

25 : be an ergonomic casing that is water-proof and splash—proof for multl-purpose

| apphcatmns, including use for activities such as ‘swylmmmg and aeroblc exercise, |

where sweat may result in poor insulation and intefference of the ECG sign;atl.’ A

switch 208, provided on the top surface, allows the switching on and off of thev ECG
monitoring device 110. o

30 [0094]  Figure 3A shows a bottom view of the ECG monitoringvdevice 110 of

Figure 2A, whereupon the plurality of electrodes 104 is located; w:hile Figure 3B
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1E, a laptop. WD 2011/115579PCT/ SG2011/ 000105 [0091] Fi gures 2A and 2B
respectively show a top view and a side view of an ECG nonitoring device,
accor di ngvoaoonasabodi nent. I n Figures 2A and 2B, the es@/Sckotiweowef erence
nuneral 110 for the ECG nonitoring device, being the sane as the ECG

moni toring device 110 of Figure 1D, is arbitrarily chosen fromthe ECG 5
noni toring systens that are schematically represented in Figures 1A, 1B and
1D. It will thus be appreciated that the ECG nonitoring device shown in

Fi gures 2A apnd 2B is _in.accordanc {th the epbodi nents. of the ECG

moni toring s SrEiPhesitiid pUERCD hrntorpediyics IO pobesE 2o wiers te

noni toring destioeeoflthe EAId mvsitdridg devidé il Nalenber¥edi. t oring, for 10 exanple in
the range of 5 to 24 hours, for exanple for around 8 hours, using a fully

char ged rech@Ptabl @ thaembpdimenishawnds Figvsad . theyluralitied etrstiodes1ftds
i rregul arityrhial b%ﬂre@‘npﬁ?éﬁe&&ﬁeﬁﬁoffﬂf % 1W4&8 SdZs?éggztd.?qghng%-feca) Rlgints

(e.g. palpitation, “syncope, breathl esshess rom he monrtori ng
peri ods may barangemeniednd comfigindde tec sankdi sigraalis tandhei $igial Mgodeysoe.hawgilagot he

device while_,jin operation qr hy using an 15external battery pack (not

shown) . [Oogﬂﬁoﬂyﬁéﬁﬁ%ﬁlg?ﬁﬁssﬁﬁi%¥ mtoﬁeet%é’&&'ﬁ%g}?‘ftquleﬁﬁlaéf jused- 148Y RBS Ok | engt h
202 in the rasghirdlty of électdddesn 04 Ay Bxeshblobred G h ghoulfl €8RA1.204 in the range
of 4 to 8cm &or. ex,ggpl e 5cm_and a hei4g|%t 206 in the range of 2 to 5cm
for exanpl e [A9Wing Benplurehy elcddesiiodes bv4 ag cwefinedewithin the bawidery 302 of ea i n

t he range of ; : ; ' s o & .in the
range of 8. ttgg%ggﬁlﬁgégpgl%aﬁ%ge%%g} sjtzﬁﬁe oggp’gjr?%bg(?&negﬂr@?ogt)ﬁg g%%‘-?‘?ﬁ%“my not
have ¥ uni f of\ldhanghsatheredimiensignswire rpeksiblat thyr disthiest bepweant sachtdestrdiofshieng has a

| ength of 6¢ breeadt h, of. \5.5cm and a height_of 1.5cm 1n this

enbodi nent , gﬁt roefge?%gm‘h’?ew%&?%ﬁﬁﬁ?%?’ilﬁﬁtgaé\/?cé% i s around 3300 mM2. O her
enbodi ment s [0887] us dn did dreiodlitherd ishBNSs inFigurd 82, t1RQfuRaRE FQEctrddt8 1094si Ng 102
may 25 be an ergononic casing that is water-proof and splash-proof for

mul ti - pur posaéfa%%% ¢ Ys%‘g,equ%e%ﬂiO%’ 4B peg 184G) ivileqated a§ acyerties ofi i ng
and aerobi c gxg)&i se, where sweat may result in poor insulation and
interference of the ECG signal. A switch 208, provided on the top surface,
al | ows the 40§98thi Mgtweendmwe agffore pf theelEaBymfrlactrodasd Odeat emalldiftance

may exist between each centre of the plurality of electrodes 104 Thus, when the

distances (304, 306 and 308) are equal, each of the electrodes 104A, 104B and: 104C

is located at a corresponding vertice of an equilateréi triangle. On the other;.llila.nd,

when only two of the distances (304, 306 and 308) éfe equal, each. of the elec_trbdeé
20 104A, 104B and 104C is located at a corresponding :vertic.e of an isdéceles triangle. -
In another embodiment (not shown), the plurality of electrodes are arranged along a
strajght line. Between any two adjacent electrodes, an equal distance% may also éxist '
between thg: centre of one electrode and the centre of the other electrode. It is also

possible that the distance between any two adjacent electrodes is not the same. |

25 - [0099] - ’l‘“he; pluraliiy of electrodes 104 is acceésible‘ from a same exterior sufface_
1025 o:ftl:le"hoi:lsing 102. o : :
[00100]5 In the embodimént shown in Figure 3A, eééh electrode (104A, 1045 énd

104C) is provided in a corfesponding opening (310A,310B and 3 10C) on the sﬁrface

102s, so that the contact: surface of each electrode (104A, 104B and 104C) is

30 recessed relative to (or located a distance beneath, see perspective view provided in

Figure 3B) th¢ surface 102s level. The contact surface of each eléctrode (104A,
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30[ 0094] Fi gure 3A shows a bottom view of the ECG nonitoring device 110 of
Figure 2A, whereupon the plurality of electrodes 104 is |ocated; while

Fi gure 3Bvonnvassroper spective view of the ECG nonitori pgrgeziamodidd of

Fi gure 2A, where the bottom of the ECG nonitoring device 110 can be seen.
[0095] I'n the enbodi ment shown in Figure 3A, the plurality of electrodes 104
is realised by three input el ectrodes (104A, 104B and 104C), disposed in a

3-Lead ECG arrangenent, and configured to send signals to the signal
processor. ssibl e that nore than three

i it | 0 :
el ectrodes m‘mﬁ%ﬂnfﬁ@%@%ﬁ%ﬁe%ﬁ‘égaﬁ?ﬁ&% TSy ?SFOW‘@P@&@OSG@F PO 3y be
conf i gur ed agorfesginaipck] éctiotit M- frdr) AUBLIEAE phl Wed Hikutehia gb A6t ;{nQigﬁs? to-04 are

confined within the boundary 302 of the housing 102 and arranged a distance
apart (304, %6 and 308) from each other. 10Alt hough ot her dinensions are

ible, t {st anc N1.ea of _the. pl.uralj.; f, el ectrodes
P01 o aboul SO A Eolet MRERUSREN (EERhTC back Gt B el P esfrolit - gor e
3A, tfte plurHM tyy bk rebeded diteslyl@d tier extaridrangfack 80 thehRdusigC bo et chd ode

104A, 104B and 104¢C) i ocated a vertice of a triangle. o

(15[ 0098] Bet V@QE?CE%%F Oiﬁﬂ?eep ﬁ%&} ﬁ\%ﬁﬁf%‘{eﬁ #otpided é‘étaﬁefdggmltba,eX_f&HO%qua|

di stance maysuefstslevélet ween each centre of the plurality of el ect.r_ode5'104.
Thus, when the distances $.304, 306 and 308) are equal, each of the-

el ectrodes 93921 1048 pluerlinpat clestrodss amexd have a fossening poschiamigm veralioge of an
equi l ateral J+ji.angle. the . only f .4 he _distances
(204, 306 an‘%ﬂ?fga?é g?%%éu@lﬁ}gfgg%%deg? }Q}q haégg%éﬁélgd)éé%g ' Iéﬁﬁe a_f[lf?jf and
104C 10s | ocaeewtingtmay lpofrictemd eogaggmends ¢d thet thé separatedp prwided cletirediglage. | nOI
anot her enbodi nent .(not, shown), the plurality of electrodes are arrange

al ong a st racloﬁrﬁfpolnfl#n‘g. ShéB‘f‘gé%nthﬁn © esaaf%{@ﬂt op| t8g thoyseg  ofathee§GS

di stance maymeéditeingXesite. DB theRMmbbhitnchEsHo ATFiARE 3R 5 PR ARfhiitgr centre
of the other electrode. It is also possible that the distance bet'ween any
two adj acentelestiades debdias dhe, fastaning mgehanisps irdemated (therpingr ach yleotrode

ﬁl ectr Odig 5 X964A 51 Oﬁﬁ%ﬁ%@b?isfsﬁ%dehs %qgfﬁalg)égﬁfji)&ernt ) ?a%&ﬁnr]%g%entt,he
ouslt n . . :
lsg wherein each electrode (104A, 104B and 104C) is shaped similarly to a popper of a

stud and popper arrangement. The fastener afrangenient may include or may be a
snap-on button stud fastener arrangement. Taking electrode 104A as an ex'_ar'n:ple;
there is a disc-shaped part 312 surrounding n ﬁBore 316 that 1s adapfed tn
accommodate a male component (not shown) of the fastener 'anangement, for
20 example of the snap-on button rstud fastener arrangement. Two spring wire.s: 314
extends across the bore 316, where each spring wire 314 traces a chord (i.e. a line
segment whose endpoints lie on the bore 316) which is off-centre t(i) the bore 5316_,
Both of the spring wires 314 are adapted to grip the r_nale componentg(not sho_Wn) of
the snap-on bntton stud fdstener. In the embodiment shown in Figur'é 3A, théj other
25 elec_trodés j(1(“)4B and 104C) will have the sax'ne :s:'tructural arranéetnent ns the
electrnde 104A. In this m'anner,: the plurality of elecffodes 104 is adépted to secure,
by a snap-on action, onto électrode leads (not shovjvn:)ihaving a coneéponding:shape
to the plurality of electrodes 104. Such electrode leads may have a.Inale compbnent
of a snap-on button stud fastener. The electrode leads may be adapt:ed fo contact a
30 body part where ECG signals are to be measured, so that when tihe plurality of
electrodes 104 is coupled to the electrode leads,:the plurality of electrodes 104 is
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[ 00100] In the enbodi ment shown in Figure 3A, each electrode (104A, 104B
and 104C) is provided in a correspondi ng openi ng (310A, 310B and 310C) on
t he surf awe 2002955780 that the contact surface of each elpettscada fdi0d4A, 104B
and 104C) is 30recessed relative to (or located a distance beneath, see
perspective view provided in Figure 3B) the surface 102s | evel. The contact
surface of each el ectrode (104A, 104B and 104C) is recessed so as to nore
readi |y accommopdat e and secure onto a correspondi ng el ectrode | ead froma
docki ng pad ee Figures 4At C and to 5B) 0101] | n anot her.
enbodi ment (’h‘g E’o )’hedetgcthe pay H%‘Tpl%VFrtﬁh%Pl“@‘@éPfélﬂ@EO des 19hgampy be
provi ded dirggd intasRfe EOE s@@hta@rthx‘éﬁgﬁ&ﬁécc@-%cﬁfnehﬂgt 4 ggﬂrt ugiﬂétaréﬂftal}l

ru

contact surface of the plurality of electrodes pro tance ?romthe
ext erior sur faglering edexjce ([HOOEJ(UB’}'H)TH@hpaQJmIadhsSIYﬁ pal, dotataties theyexteaioe a

fastening ne o | chabl e securing with electrodes that are
separately p%gfé?%ﬁ? O?ﬂ?eﬂc?g ag 10 securing may be frictional

engagefrent , [@d08hatInt. bmﬂsapanmcbmymprtmipaiedh@l et teletiBdesatie wRr kRspandi ng
shaped to the egéq%%%&odes provi ded on the hoysi ng of the ECG rmnltorl ng
device. In tHE StyBife ® sman; By simply b Alectrigal copdugting geterigl of

el ectrodes 1Q4idiasyshapel @RS, fghahg ) iplegaakgd ther ein. Each
el ectrode (104,10\ 1 4B£baen(d 104C§1 i's shap e as‘,1 a. %m&f?e conponent - of a

f ast ener ar {¢d8&herdn use,jadl t\hh@kétwdeéé&ﬂ/‘elI@éBranddOGQDmhemnmdom@C) is
shaped sim | ariy 149 Qﬂxgpt%; COQIft%:?th%tSqu o%qge f%gF’? e of &n%ﬁ ée{e;lrxt]e J astener

arrangenent may i nc -'on on's
ar r antpenment . pld@kieny thad eied:traalde lammasom a&xmrmlraﬂel pbetiensits tie Riissilshaped

part 312 surround hat ted, to accombdate a_nual e
conponent (B %\%V%F ﬁé“? %%cgﬁe[reairllc fpn (i-¢-gp meggpre theroltageot t he
snap-on but t&t‘w@éxﬂﬁeflﬁﬁbﬁﬂ@ﬁd @el fRgH) ARBNDE E(-E@Om%ﬂM' mgamtfl&splé’b%fheﬁ%twds
across the bore 316, where each spring wire 314 traces a chord (i.e. a line

segment whosdecddesol Misand; 194Bmaythe nesifienatmsypandiceler rcsthgiqft eodlat panetfer t he
bore 316. Bajp.Qfy h&?’ g%?d'tfoﬁ% (Wt(g ﬁt%as% th@rvglt% % g'i“t' IQg %I{}F?g%lgﬁt

conponent (not shown € snap-on button ener .
enmbodisment  sAmmwf EGG:slgyml eIIBaAfurthlaeplad:dmmnt t%E@Gembmtmimg deliod B Qiﬁﬂl B04C)

wil | havethe ct e tasteelecrode O4A.. Ln this
manner, the KU 1193?‘1 %5 agfe ‘g'ﬁ@cf?? ag% gﬁ”?lgasﬁf?a LTS §‘é’%?ﬁ?t%ﬁ i\egsnap on
action, ont ChneltE@IdftOd}ﬁ)) Ibgadtatiog Gle BOGWNidaAYj Aevide ¢ 0N DO ABRBLY a@cmpe to

t he pl ur al |t of el eééTrodes 104. Such el ectrode | eads nay have a nal e

conponent of o dhe feadr i eanfighrasiond Fhast éhdie Laadel & deed-Bheonfamuasionsy be
adapted to GARkARAt & th’@@@@hcﬂﬁ{ohnﬁ"ﬁé‘\h@e H9Goss Q&E}htﬁlel%reﬁtrh l}?eﬁ measur ed, so

t hat when the Elurallty of el-ectrodes 104 1s coup e el ectr ode
| eads?0 t he [OLOH i tW’ltbfefeﬂee@t toddgwre BO4 Vlsis locatkidrimathé 51 antemostalcspace tohe body

part. Howeve 1{& ur,al it ({1 e 34 SO sure .E SI gnal s
t hrough di refé? ng ta eStaF l%af T& boélsyfoﬁ ??t(’t h‘é?%ftgﬁ &eggr ogrdetin flie
devi ce (not mtméqstzﬂ; u;pliceas Vanlsaldlseeed ue thead iherataldspase Tah@h@l@ﬂefdldlr
surface 10231(){%115{? i.n 5 % 103] | n_anot her enbaodi nent, :the
plurality ofla Bed 348 19r3ted Wirg tween V2 and V4. V5 is located level with
V4 at the antenor axillary line. V6 is located level w1th V5 at the m1d axillary hne
25 - [00106] For aVl conﬁguratlon the ECG momtormg device 110 | is placed in an .
' orlentatlon that is oppos1te of the Lead-I conﬁguratron i.e. the ECG momtorlng
device 110 is rotated 180 degrees relative to how the ECG momtorlng device 110 is
positioned for the Lead-I conﬁguratron and placed on the right 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, 104B and 104C) is placed at the corresponding V2 to V6 locations.
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i ntegrated fastening nmechani smand nmay sinply be electrical conducting

mat eri al having any shape (for exanple, strips, triangle, circle, square).

[ 00104] Iwousgy11887b t he el ectrodes (104A, 104B and 104Cpcwfscim/obGes

noni toring device 110 may directly contact the skin on the left side of the
chest of a user. In one 10 placenent, the electrodes 104A and 104B are in

paral l el positions to the left collar bone and above the left nipple for a

Lead-1 configuration (i.e. to nmeasure the voltage between the left arm and

the right ar f sjjgnal . I n anather pl ace t, the el ectrodes 104A and
104B may belfg}&g?]ti E’%&’ ﬁlgra&gﬁ%ﬁl%ﬁﬂtg tlfeoelFﬁE’ F%Efoqéollpég 3‘86r1‘194?bﬂﬁ%W§_ead-l I
conf i gurati ofhe HCEmohitorRARMR 1108 ¥Oblhadien Ied 1EAN, 1 BL1116f dadliBCs@nd t he
right 15 arm) of ECG signal. In a further placenent, the ECG nonitoring

devi ce 110 clanVbeonfiguiatipeiuishaqubtheaise ebasiditionaleshlei gur ati on (to neasure the
vol t age bet t hg..rj | e f [ ti t he . ECG
noni tori ng miﬂ%]e %Sh%ggrodég&néﬂp ehpa ?(alb?e &aﬁ%ﬁnﬁe&#ecq%tgg%-ap?he Qe%tmgg;s

rees’cl ockw se configtration.
Thus, 4 n the(10éadi04B end ¢64C) ofl the alebice dsradll othsy cquvasttiahtoriigutdfiond6iG

noni torin jce 110.does not_ requir xtra ble. 20 [00105] Wth
refer encegt gﬁ#éﬁ?dép%s&on\s/fe'gsaygc%\weoﬁflﬁ' H’é?ﬁ?ﬁl?ﬁtalégr&ﬁ[g? I"e‘§‘{?fa{9@t)i o the
ri ght of theyat ggezﬁﬁéugmt’eqaﬂéetot\/ggﬂtﬁ alve! 3 6(Au%rﬁeﬂtélﬁvécftfrtlefgfcohﬁ%ur%cﬁl"snal

i is

boarder in the nt er cost al space. S Tocated in the 5th iInt er cost al
space at the? [Yethaped qvied/eablec masr be juped tos/splits a | negatived elgitrasist of) thyethwesen V2
and V4. V5 | ' e it . at por.axillary line. V6 is
| ocat ed | eve eé\}mﬁtﬁ %t@g‘l‘é’tl\@ ea‘mlgf"gﬁllnﬁ ﬁo&%ﬁgwggﬁécggd%00106] "For a V1

conf i gurati 19109]he [EGG a¥in{l¢adraupgented vetor fat) cenfiguetien, 4 posiive @ldcesodeat i on

that is opposite of the Lead-l configuration, i.e. the . nitoring
devi ce 110 i tﬁ‘%ﬁ‘&f’%&ﬁi%ﬁazb‘#“ slrbrd'gl "H‘fl?{ﬁé‘%sds ﬁ?)‘Weftﬁ‘é“EggqﬁgﬁF%GFiﬂWg devi ce
110 is posi tﬂlﬁﬁ&d)fftlwbddﬁan&ﬁfkdwb_n@g%ﬂifvie@léf:@éde@fﬂfr&ﬁ(ﬂh@i{%ﬁ%d%ré’&%leﬁ ight si de
of chest (rather than the left side). For the V2 to V6 configurations,

whi | e mai nt SCANGFEd:th hemat pamend the fefodrmt he V1 configuration, a positive
| trod t 4 [ Sies t th
el ectrode C’fOOtl hhag A Legudoﬁgﬁ‘neﬁ%g (\)/?%(}njligéﬁ%cgﬁ%{x%gérgarﬂa?ﬁggk %ﬁggo% t €

corresponding VZ to V6 | ocation enent o he
el ectSodes (dfOlethreeGiRrades (104°C)104Blaodd 04¢)as EGEentod kd the ilefgardeati thelefil0 t o be

pl aced in the,lLead- Lead-11, Lead-|| nd V1 to.VQ,configuratjopns wthout

the use of a4t %ﬁgﬁg?d}ﬁarbcﬁ%lé RIS ]Velelecﬁﬂgﬁsﬁirf’mpﬁhﬁgfe'%]ﬁ%é -ég??cia legé?bl e may

be used to aonfneedd takhe fight ath &ed thodight le ( 104A, 104B and 104C) of the
configurations of ECG'|ead positions

device for all_ qQther conventj onal
(e.g. aVF, @Ol}ﬁav% .tﬁﬁqu%\Zi,ea@ augentrdmyvptterd right epnfieymitipn, avpesitvead

augnent ed Vvegdcfbdd 'bgme)thre@\él}ec(rbeésck1@&&,%5%&/?M@ris'clsﬁﬁe&eaggfdégﬁgﬁti ons, a

Y-shaped wire/cable nay be used to split a negative electro e three
el ect¥odes (arpaAtheiigiBsidnof tedopy and thettwo nagagiart ieleetredes ¢fromdiesY-shajed0109] | n

the aVF (le : f Lgeration, a positive electrode of
the three eﬁgée?%%géglg%ﬁ%&gﬁgwgﬁéag%%Qg%ég%onnect ed to the left leg or
the m ddl e @D112je [badylsapdssibie td placenthg BCG/mosit@itigrdedies 16 babthehpladesshaped
wi re/ cabl e) i.s, connected to the righ mand the left arm [00L110]In the
avL (I ead ad’éﬁ]é%gB \tfb&‘l‘%‘t‘reltb? tr?q“&rgﬂgﬁc%rsé@?'én,ﬁ] A FRLPLS Velsghaseipleg@e 15 of
the three el@etupesact Hectrd4 BoaNdhd Odcnode S 06BANE Ghecdedi@dt N64d Ghidy arm or

the left side of the body and the two negative el ectrodes (fromthe
Y- shaded wi rtky defbiirdexi Engepnthecright index Hager gt ther middiel finger of ghe ubag.
[00111] In tr@b‘Be&M'@ly(.' ead augnented vector right) configuration, a positive
[00113] In the above configurations, the three ellec;trodes (104A, 104B and ;104C)
may, in one embodiment, be wired such that ele'ctrodéi 104A is the positive electrode;
electrode 104B is the negative electrode, while electrode 104C is the neutral

30 electrode.
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el ectrode of the three el ectrodes (104A, 104B and 104C) is connected to the
right 20armor the right side of the body and the two negative el ectrodes
(from t hew®-2shapssdiowi re/ cabl e)is connected to the |eft acmsandiitob@os ef t

l eg. [00112]1t is also possible to place the ECG nonitoring device 110 on
ot her places of the body to capture the required ECG signals. For exanple,
it is possible to directly contact the el ectrode 104A, the el ectrode 104B
and the electrode 104C with 25the left index finger, the right index finger

and the md fj nger,. of he user sp e 00113 he abqv

confi gurati %@14 h thCe® a@FIé’STtr 88@ Egg"lA %‘%@EL ‘]G4 )16 Sp‘?Fé"‘jlze‘i‘n one
enbodi ment, gectidde e€hds,udntwiiath mbefercfreﬁe (1044 uoaBtdhe 1028} Eélﬂlecﬁbeﬁa{]ode

el ectrode 104B s the negative el.ectrode, while electrode 104Cis t

neutral 30el BcPlagesbon thogsers] Whie éwelepﬂaemﬁ!ed@ad@fm@shbem Wuhutb@rﬂ% devi ce
110, speci al hfithrfileCabi@dPyd GAdSek HARTL WHE Bolfi SlEEIdCARY, [l 4y 104B and
r%a e p on t g crlle

104C) connect to, ace user. e single e ec | eads
may bes used ixmtetgiat&td%ﬁﬂ@amﬁudseM ng device 110, a dock having three docking

el ectrode | n ra r mat be used. [00115] Fi gures
4A and 4B rg@giﬂt \}'a E‘Veéﬁé\ﬁna ‘@%’5’9 chvﬁ&ﬁﬁo‘ﬁal}%t\é Vfde?nﬁ%tfo Vlf&’c‘kéang pad
400 having addqekitigglalit4p0aaviaibecsinede dreasirod0eaahat, aap chebdaed a%%uéﬁlch
docklng el ectrode | eads, according to an enbodi nent. The docking pad 400

provi des f ordoskmg gleatrqdst keadsataseordivgkion gn eqnehodimens. | dhelglopking ared £

t e es 2A to
Fur o a5y TACHEE forl Pl it dReF SR ITRE L08R iy O Bl ES 2

pad 404. Thedqyad (3G as Qlermrénfomcmmmgﬁe—vmeddﬂtof E@resdﬁdmd-‘tgm@l?}at erial, so as
T T RS TN I
surface (40244,is HadBtromntbndetical s@RultigUherdd)) sods tb BRctrically isolate each
of the electrode leads 402. Each electrode lead 402 extends through the thickness of
the pad 404, so that a top surface (402At, 402Bt .and 402Ct; see Figure 4A) of the
15 electrode leads 402 is provided on a top surface of the pad 404 (see Figure 4A),
while a bottom surface (402Ab, 402Bb and 402Cb; see Figure 4B) i 1s prov1ded on a
bottom surface of the pad 404 (see Figure 4B). y _
[00117] The bottom surfaces (402Ab, 402Bb and 402Cb; see Figure 4B) of the
electrode leads 402 are adapted to be in direct confaet, by being placed onto, a body
20 part where an ECG signaliis to be detected. ' : ' ,
| [00118] The top surfaces (402At, 402Bt and 402Ct; see Figure 4A) of the eleetrpde
leads 402 are adapted, by having an integrated fastening mechanism, to -allow
fastening thereto of an electrical contact (such ais fhe electrodes 104A, 104B and
104C of the ECG monitoring device 110, see Figures 3A and 3B) on an ECG .‘signal
25 detecting device. | 7
| [00119] Together, between the electrical contact (such as, but not limited to, the
electrodes (104A, :1'04B and 104C) of the ECG moﬂitoring device 110 (see Figﬁres
- 3A and 3B) and fhe electfode leéds 402, a docking-interface 420: as showni'in'the
schematic representation of Figure 4D, is prov1ded allowmg an ECG 81gnal :
30 detecting device to be removably attached to a body part where an ECG signal is to
~ be detected.
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15 el ectrode | eads 402 is provided on a top surface of the pad 404 (see
Figure 4A), while a bottom surface (402Ab, 402Bb and 402Cb; see Figure 4B)
i s provi d®d2on/asiiett om surface of the pad 404 (see Fi gece/s6B)11/000105[ 00117]
The bottom surfaces (402Ab, 402Bb and 402Cb; see Figure 4B) of the

el ectrode | eads 402 are adapted to be in direct contact, by being placed
onto, a body 20 part where an ECG signal is to be detected. [00118] The
top surfaces (402At 402Bt and 4OZCt see Figure 4A) of the electrode |eads

402 are ada by ed fasteni ng mechanism to allow

f ast eni ng tller &b lrﬁeg#c terca‘l gic(ﬁllftgfdfnfgﬁ% ”ggl tOREchingqn dertods o4,
104B and 104{aaf lmhﬂe£€ﬁ;enmmdanumgctdml viid onS£@oldifsu8s (3LarMLEB) on
an ECG signal 25detecting device, 0119 Toget her, between the electrical
cont act (sucﬂ“’&g"n’lﬁlﬁe‘ﬂ% Sflias dhe tmf@ltéﬂé&tdﬁ‘(?d@é)f(ﬁ!@lm@ 380aml 3Bd 1040)
of the ECG npgiih®BintS: [E(gplp ) ctrode
| eads 402, a do % ng |S igtﬁéd?lt?(ghclééqné%ﬁ%gﬂs&ng&ﬁglug& éﬁ Aﬂ’lljeclrl}& %L‘g

r epr esént at i 2, eflamedjigreontapy, a ¢rsatm<3dw)dyj palt, hab hMm@g&nedﬁéﬁsm@ﬁad) allow

30det ecti ng att to ab rt ere an ECG
signal is toggteh%gt%g‘l'% tﬁlgng'ﬁ% Cl,%gg(lf e’laﬁlpgarll‘ﬁ ecﬁf?g’n l)@l wW&n an
el ectrical cBigumcApand e abafzideqel-ﬁ hmd Thé rf@dmﬂlegs nRBhARiBE (dek GRferend!t act
424 provided o hou5| n (of. .an ECG noni toring device, such as the ECG

moni t ori ng d’é‘l}P?fgl 10 ’Pﬁjglse eQ’AO‘éﬁtﬁ aipfhereietiig! gprtasid24rie allpw dastening
attachnment tgerde& @alldc@ichOdN PRl de armh@a@awd@q@adbeéd It i3 Egg%ossﬂq]@ﬁ%?d to

contact a creature body part, has a fastening nmechani sm
fast e ng bethadasiening merkanisn (428, dé@ﬁt lanrO\éiQe‘tl o1 sithancfitht elettniealetamedct odes

104, see Fig e tr d .42 The .f ast me ism
(see refer enl:gezlear\nlla'rbr%? l%gtﬁ%qeadgfazl fg& i é%lwd?f’lhﬁ ?eg l] ?‘F‘&i 2@‘gnt act
424 to all ovmfdahe elactrtglebmlmen the eI ectrl cal contact 424 and the el ectrode
| ead 422. p SSI ble that . 10 the fastening mechanism (428, 430)
i s provided (llllié]i th S8 é}eélg%ﬁlﬁf%a{ﬁz%oﬂ%@cts apstrushire tthe allewy tedie | ead
422 to al | owléaséRRbREctRLWAE Ahd H@ctﬁld@%ard' 42@' to(‘s@a&@% adRtcBe LfiGn&! ect rode
| ead 422. [00121] The fasteni ng nechani sm (4 430) is a structure’that
al | owd t he etéeeschesherc She fstenng neghenisrh €428, é&)mwebd g @ndePmore fgleur e, in
a det achabl 0 h ani 428,
430) may beefgll?)\mdl esuol?taﬁedr%talaf(ﬁ%%ﬁm?sopﬁ N m-g getl ruc urdglgswe ¥ 5%‘%% t ons,
clips, magneaml loep (Welcrop dstsienss apdaty @nal pb]t(hdlor ancldcotpsifnddlic eaiblishat eners;
as long as a el ectric nal i S i shed when the el ectrical
contact 424 ‘5 ll%%le%tflgrcltc%td‘ét ﬁzéﬁdgﬂgf??g(?%‘r]g (l)%l)Joseé‘érGl?nlﬁ’t%éll othen0122] Wth
reference tOOERYUr eWAEréfelendy togﬁguré uogshovans afide hz@e\@@f:lhb GGCIHﬁ‘Qpé’d)ﬂ)O

20 having the plurality of electrode leads 402) the fastenmg mechamsm is 1ntegrated

into the electrode lead 402 and is of a snap-on button conﬁgurat1on, v more
specifically a stud and popper arrangement. A portion of each of theielectrode leads |
402 is shaped as a stud 406, where the stud 406 has reduced diameter compared to
the portion of the electrode lead 402 that is provrded on the pad 404 and the stud 406

25 projects from the pad 404 ' ’ _ |

| [00123] The stud 406 acts as a male component of the ~ snap-on button
conﬁguratron As an example and with reference to Figure 3A the stud 406 is
adapted to be inserted into the bore 316 of the elect_rode 104A, so_ that an enlarged
portion of the stud 406 is gripped by the spring wires 3214. |

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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20 having the plurality of electrode | eads 402) the fastening nechanismis
integrated into the electrode | ead 402 and is of a snap-on button

confi gur avoani/mes7e specifically a stud and popper arrapgesendti/odoertion
of each of the electrode | eads 402 is shaped as a stud 406, where the stud
406 has reduced di aneter conpared to the portion of the electrode | ead 402
that is provided on the pad 404 and the stud 406 25projects fromthe pad
404. [00123] The stud 406 acts as a mal e conponent of the snap-on button
configuratiogf xanmp| e, and with reference to Figure 3A, the stud 406

As
i s adapted t BepRed YR %@L?ﬂbo aHody past. 315 additiomewhere upadowith ha £CGo t hat

an enl arged pEhkd R &fvideha 0@ d ' K .k i 314,
30[ 00124] By havilﬁ% thle pag%gggném@?hg'ufeﬁg%P)Zﬁé?,rt%gfepgg se%f%%(w e{giid%f use

i s provi ded, theialgsgrodes EOEAs 1 ¢Riland 4 A4@eol:the FHCE emititpringdpede fli O with sane

| ocation aft .t d 4.1s attached to a,bo art.. In additjon, when
used with thg&llz%é %ﬁ‘?‘?‘mﬁ%gon e%’?%%(ﬁTi’% gﬁ%’iﬁnﬂﬁén&%}(g‘ﬁr ad QQO ' “3%1 T he

el ectrode | eedtgunéfan wity i@eECGemehietingoditice( LA Qee HdtBeBA #A46B), ahe t he ECG
nonitoring devige 110 with Pdo&lﬁli g%cl oqciati on. I n one enbodi ment’ where the
docki ng pad SR§eilicarmgagamenhof the elsiradrclerdstOgiand theywagingbepeer srabref thevi ce
110 (see Fi gbleQfoddAeadid 48B)are t edchired a&?,% f o eqf Lode

| eads 402 and the spaci ng be%_mﬁe}ghrﬁlgﬁféﬁgcgge(tﬁﬁg e egﬁdr;&gd{e?) I@gﬁsﬂ%o%"g?e bot h
manuf act ur edelea@rodey (184pomeHB end i@ arbdocatedeso tab tierE(G@ snqni0dng dédddB and

104C) are lo i~ t nitori ng. devi ce 110 : only be
connect ed to@%ﬂ88@%%%%%&1&@85%%&%% P 8% f@ﬂ{n a(}“iecS’H?ntf“ﬁm’t'fﬁl?‘ghlﬁmﬁ%‘?rz 10 it
is ensured tiatensived BEGHHETG addnitgritieddvie DA sdeskigurks gAra8 3BAiI0ct&B) i S

| ocated at a sane dgfei.r ed E% | ead posi t]quon when the ECG nopnitoring device
110 is remvad® 3H8C LB EGCr f55h RosItion orlen thepBECamanitorme dyise Al pad 400
i s repositiopg@dvehand drhdhed &rdif e A88HnE DalAB. t e E&%ﬁ@g%& Qfobng devi ce
110 connected at another ECG | ead position. 15[00125] The ectrode | eads
402 ensure qnsiioped sosld thersheacieed & have thakE@G(meonjtoring detics LN eomeyeternd
facilitate o%tgg&hg;&@he?g@ogﬁggl i ne signals and reduces basel i ne wandering
phenonenon. tion artifacts associated with nmnute novenent between

el ectrsode | gd25] sKihe dentfode deandiOdearisme god physicali cmehct fdGl28din I(agt he

enbodi nent sho in Fiquyre 4B the plurali f electrode | ead 20 402 are
inadry f orcg’ﬁ%qnwgﬁe). ieﬁgﬁﬁ{‘?&e 8%8“‘?%?18?%53/5?{%% Ve %Ian‘glr; Fobrseling

anot her enbogiddentg dehohyda. OrMbAGIM driviaE:s €hR64i40d ewite ad B nRRmdged to
detect ECG signals., =~ [00127] Fi ?Rl;r es 5A and 5B respectively show a top

view and a BStYemelacEdoieads, e rirfage padideyin asaminigissdpl ural ity of el ectrode
| eads 502 t fpai26an hend I:00g; _ : ing;to an
enbodi nent . h)?00@28] The grlﬁg%(?ﬁlgétggﬂggéd@ g%g%ggtrgqu‘?ﬁ!ufagg;tb g%%ﬁ,g&% %%%Sr ‘ode

| eads20402 de¥grarbick diydoenat sdtnioslated et iselagd ondividoal detpdavildadothdhe onl y

difference Ie%nl}oglemesnrﬂage? t%e E)p foam type electrode le'ad:s' may be used to detecit‘ ECG

signals. ‘ : .
[00127] Figures 5A andi 5B resbectively show a top view and a bottom VieWi of a
docking pad 500 having a plurality of electrode leads 502 that can be used as
25 docking electrode leads, according to an embodiment.
| [00128] The electrode leads 502 are similar to:t.he,elect'rode leads 402 deSCﬁbed
abeve, 50 no further elabo:rationris provided. The only difference is t_he_ shapeief the |
pad 504 i’vhere the electr_ode leads 502 are mounted ﬁpon is different from tha.t:io'f, the
' pad 404 where the electrode leadvsi:402 are mourited‘ upon. In addition, with referehce
30 to Figure 5B, the bottom surfaces of ‘the electrode leads 502 is eovered w1th a

protective sheet 506, which is peeled off before the docking pad 500 is used.
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pad 504 where the el ectrode | eads 502 are nounted upon is different from
that of the pad 404 where the el ectrode | eads 402 are nounted upon. In

addi ti on,weizbtymnsfrer ence 30to Figure 5B, the bottom sur Pacss20fi/obées

el ectrode | eads 502 is covered with a protective sheet 506, which is peeled
of f before the docking pad 500 is used. WD 2011/115579PCT/ SG2011/ 000105
[00129]In long-termrecording of a user's heart beats, irregular heart
rhythm and periodic irregular heart rate are detected at rest, as well as

durir ' t tie aring to historical data of the sane
ug (ralr ngaﬁxgghw% ;ﬁ"oﬂaﬁ%s‘lr’%‘sré‘éﬂlx‘ﬁg d@e‘bgh?ﬂ‘iﬁlls‘iaff‘r m‘llﬁ‘ﬁ@le%ﬂﬁ@%’ééﬂ‘bas ed

Synpt om MENag&RIRY ieélld Chafe MR Al  att bl ¥ vBil &f &.f}hl
tzu | ored manner. [00130] For Iong-termc dat a go IectlonS a%ng)gasée}l I ne ECG

signal s and #éVEicH Mysedmpapagstohistariorldats of the Sﬁgﬂdgmtda?ﬂacd%ragégprdgpoﬁs T wave
0 nen a nar awa
recognl tion &t grrlfé:de ty% rpm?sﬁla?p ﬁ{l te%ldelnpe- rndnﬁxgerg%nt S?Pﬁpg% ssi on:

configuration 't at per ering VI g™
iii) baseli nfecwamdmdeldrfgr mmdyoﬁtemntlcmsdlawjlo@&meﬂol ex reproduction.

[00131]1n t ?(?0158]' Olygrn%ng tlel’rrtlerdlatgg cgﬁecc(tjlggl r]c eal[no b\ggélln%usECeanglglndlg mz:nfd Wil be
deterministic ECG waveform of the individual P, Q, R, S, T waverecognltlon are
crucial. This entails, in an embodiment, a hardware conflguration thaft performs.:

i) filtering device;
10 i) noise suppression;
iii) baseline wandering reduction" and
iv) QRS complex reproductlon
[00131] In the followmg, filtering according to various embodlments will be
described.

15 [00132] In an embodiment, data collected by electrodes of the E_CG monitoring
device 110 (see Figure 1D) is processed by a high resolution llltering circuit
including, but not limited to, high and low pass ﬁltering techniques to achieve a
clean and neer noiseless isignal In the embodiment shown in Figure 1D, such a
filtering circuit may be provrded in the signal processor 106. L

20 '[00133] Figure 6 is a schematlc representauon of the s1gnal processor 106 .

| according to an embodiment, used in the ECG mon1tor1ng device 110 of F1gure lD
In Figure 6, the signal processor 106 is coupled to the transmitter 108. Raw data, '
present in the electrical signal captured by the device, rnay be sampled at a frequency ;
rate not lower than lOOHz‘ to ensure good signal tonoise ratio. | o

25 [00134] = The signal processor 106 includes a d1fferent1al input buffer 602, havmg '

o two ports 604 and 606 coupled to at least two 1nput electrodes of the plurallty of
electrodes 104 (see Figure 1D). For instance, Wltl‘l reference to F1gure 3A, a ﬁrst
port 604 may be coupled to the electrode 104A and a second port 606 may be
' coupled to the electrode 104B A subtractor 01rcu1t 608 is coupled to the dlfferentlal
30 input buffer 602. An amphﬁer 610 is coupled to the subtractor circuit 608. A

baseline restoration circuit 612 is coupled to the amplifier 610 and the subtractor
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described. 15[00132] In an enbodi ment, data collected by el ectrodes of the
ECG nonitoring device 110 (see Figure 1D) is processed by a high resol ution
filteringwoizotiiiss7pncl udi ng, but not limted to, high amrdTISG20PA8EL0S
filtering techniques to achieve a clean and near noiseless signal. In the
enbodi ment shown in Figure 1D, such a filtering circuit may be provided in
the signal processor 106. 20[00133]Figure 6 is a schematic representation
of the signal processor 106, according to an enbodi nent, used in the ECG
noni toring devic In . Figure 6, the S|gnal pr.ocessor 106

1 e 1D
i s coupled t&™H te6038 gﬂ tﬁ‘? qu&%%@ shewy in Sfguire B e @AF 604 1t p@odlive iphe al
signal capt uaie ke JoRE60BEY b G8gatiB YnpRE 6 WM IRCk]atrode fl?@%% e_f_hg)togm(}gt | ower

than 100Hz, to ensure good signal to noise ratio. 1 ghal
processor 106leftFrdeywhide @eéleﬁ‘F@ieelrﬁ)f’delec¢mWndgatﬁ‘feeele®®ﬂe havi ng two ports

604 and 606 ed r.odes. of ty of
el ect rodes ?iseeT %lzfrerelnﬁg)%p '&Wfﬁeﬂgﬁad@h&%&aftﬁr PRy ée(%c gP " éi%ﬁr e 3A
a firss port 6HD4herrbase]hle estopkion cirauit 612 aldeht Wolﬂ@ellﬁzﬂso%xﬁﬁﬂ 636 F@EH0A aport 606

may be coupl g]ﬁto the el ectrode 104B. A subtractor circuit 608 is coupled
to the dlffef Pfal 30i nput buffer 602. An anplifier 610 is coupled to the

subtractor ¢e0186] t £O8he Aliff@eflal NRpWCEEBEABOR N ] THdH-imifRdanceS dto
the anplifi gr 61]0 and tehelsubt raact%r V\Dr201i/ 11557%1PC'IPQ862001?LX?%3@{§

circuit 608. mpRitqriibe ¥olagdibsyren dheoiput sndrthe intesfage gtdued,p‘ahetre @@Afiisspart
posi tive inpgis }Wdeﬁ atnhﬁBQtofotr 6, ﬁlear%eg%hmsed mgfggrtﬁh %’&1‘ & ?%48

el ectrode 104A )econes a positive eI ectrode
becomt® a nesgaonds@osl 684 moaiedes| OO idmlt Tie dief fthereof lthd: twophiighisbédincH02, the

cireurt o12 SR vEHe 8B R Bo e Rl ARBTET RCRR RSl b MD0136] Al
the di f f er endmyslfidrNgttthe Bultfaefor @Heuit 60E), 1B @ﬁbb@’ﬂ@}d&%ﬁﬁ Rhdr toEhgth NI tor
t he vol tage between the input and the interface ground, where the first
por t input signal at the first port 604 and the input signal at the second port 606. The
signal difference between the input signal at the first port 604 and the input signal at
15 the second port 606 forms a baseline signal 614, which is sent to both the amplifier
610 and the baseline restoration circuit 612. In the baseline restoration circuit 612,
the.baseline signal 614 and a biasing voltage .signal 628 from the voltage bias circuit
616 is compared and a resulting correction signal 626 fed back to the subtractor
circuit 608. Since the biasing voltage signal 628 from the voltage bias circuit 616 is
20 stable. the biasing voltage signal 628 is used to v'c'orrect baseline 'swings :ir.x :the :
baseline signal 614. Thus, the subtractor circuit 608 the voltage b1as 01rcu1t 616 and
the baseline restoration circuit 612 serve to maintain the baseline. :
[00137] The voltage bias circuit 616 is coupled. to the amphﬁer 610 and the
baseline restoratlon circuit 612. The voltage bias circuit 616 prov1des a bias voltage
25 to the right leg and also serves to provide a basehne Voltage to the amphﬁer 610 and |
the baseline restoration circuit 612. A low pass filter 620 is coupled to the ampllﬁer
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 6’1'0 arhpliﬁes the baseline eignal 614. Suhsequentlif; the

low pass filter 620 removes signals higher than a pre-determined freqtlency from the
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604 provides an input for one of the two high-inpedance anplifiers, while
the 10 second port 606 provides an input for the other of the two

hi gh-i npestenes/asgbi fiers. The outputs of the two anpli pcerss2enmodioen
subtracted by a third anplifier, at the subtractor circuit 608, to renove
any signal common to both the input signal at the first port 604 and the
i nput signal at the - second port 606. The signal difference between the
input signal at the first port 604 and the input signal at 15 the second

port 606 forns a baseline signal 614, whichis sent to gr&th t he arrpllfler
610 and t he ambﬁpd brselinestignaht Inorpecmbodineng he presietermingd Heasnsy PRY P8, at i on

cireult 612,00 DE BRSS! hoTarbk GPB0HE 1 601 ATl Anldile vOLleRGRostvER62028 T om

t he vol t age %I as circuit is conpared and a resulting correction signal
626 fed backhdnoixgxheesshmanamgueputpurﬁ:mnttheEiOW pasi filtes 6@%e bi asi ng vol t age

signal 628 vol t age bi circ t si ng
vol t age si gﬂqgf;ﬂé %e“&éﬁ g (’ggr’? &P i 28 Sﬁl h%ﬁ %Qas CE'%R %h6 ré)lh%

si gnals 614. nxm,cﬁche G18bisr @upRrA tﬁlefgwuhdﬁél&mztlhﬂedt@klbaﬂethblpaﬁalmtyrafwt 616
and the baseline restoration circuit 612 serve to | nt?’rﬁ @he basgl i ne.

[00137] The ebctradps WM dseecFigis D) seehi 3 wighy Hifl ‘éran‘teoto gurg migh ithe Elec and the
basel i ne re%&g otﬁ&tﬁéérsétlohe%kbéf e\gglnkatgﬁetyceedecl rcuit 616 provides a

bi as vol t age l'eg and al'so serves to provide a baseline
vol tage to [I)I)M(HrrpIWlirleenot&hOWanni i heSSﬁrksétat ﬁe vignal processon 109 inclydes @12. A

| ow pass filter 620|sc t he | ow
pass filter 1898 Het tBeWIHglhgleé’drtf gol AE vo age ll?ugéapgln!r:gfll@q%g%[n%ﬁea
anot hgr nodyj&)1dgitOdircalit MeMg. abftoduddRgitelly desiiirgtet ‘ahrch(olﬁvlmrthme ebBods coupl ed

to the low pass filter 620 and the transmtter .108. 001 8] The amplifier
610 anpl i f i d804e OpBwad il fECIs b2 RogUive, S&S?é"ﬁl?éﬁt“ﬂ/“a EIRETP G pass filter

620 renoves GhESwinbAbi Rp SRR th vaaREbolHRs b O
2011/ 115579 62311%60001‘615Eaml)l i flalgr(ej basec |- ng%5| gnal . "I n one enbodi nent,

t he pre- det érendesrihed.r equency may be for exanple in the range of 50Hz to 60

Hz. The ana tq.di gital pverte e [ e Sofvafti SR 1ogue

out put frorrlﬂ(taﬂgﬁl olkl%‘élgsﬂ}pf isllg n%?% 5?208%%8{1& ggln? li‘l r%(():w t 1618 'S

coupl gd to tdetread vrge sitas tiit tsclweti tcﬁﬂnﬁasuvd”lmECGIwgrﬁhehﬁ naie zﬁawmg 618 is
coupled to a ground term nal el ectroﬂe of the ur al i s 104

(see Fi gure 95y usigg @R Afs SRRy 1o BPEFd %8°‘tV8n%‘?’tj ‘@t% tfllﬁéie%’ﬁ 104C,

so that the g x%gdn'tsqf‘l)@ta )45ilP BEHBS oRal UK TORl resrbRats ke . [00140] W“ l e not
shown, it is possible That the signal processor 106 incl ud% t%‘l ogi c

circuit to {06ileH tﬂeﬂp?oE€§ rsouitosing device A Y shaya inckigyss 26t EABSY 5
connected, 1Qhhe Lg A gaﬁﬁtggtk%bgi@ta %Isﬁ:e fsﬂlcélmeore@neﬁlmnga&hwmtoe whi ch

of the three élec 104C) w il be a p05| ti ve negatl ve
or a peutralrugd @ci patible DC battery supply. v

[00144] Comparing the ECG momtormg device llO against standard medrcal test
conditions, where 12 electrodes are used to detect an ECG S1gnal the ECG
monitoring device 110 (by using only three electrodes 104A, 104B and 104C)
provides a reduction in electrode spacing and a reduction in the number of electrodes

25 used. This increases interference levels and reduces the ability to pick up a. heart
signal. In addition to this interference, noise 704 (see Figure 7B) arising 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 persprratron _

[00145] F1gure 8isa block dlagram of a Finite Impulse Response (FIR) ﬁlter 800

30 to address the interference levels and the noise 70‘4.‘ 'In the embodiment shown in
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[00141] In the follow ng, noise suppression according to various

enbodi nents will be described. [00142] Figure 7A shows noise 702 typically
present fwoaiicasszenti onal 12 15 el ectrode wred systemrcrisaRoiigoused t o
measure an ECG signal, the noise 702 arising fromusing an AC supply to
power the conventional system The vertical axis 706 represents voltage,
whil e the horizontal axis 708 represents tine. [00143] In the ECG
nonitoring device 110 shown in Figures 2A to 3B, the noise 702 from using

an AC supply_is not an issue, since the ‘monitoring device 110. 20runs on
a portable %@‘{S‘étgt eyt @ugﬁ?rﬁoo[‘ém%?&?ndcﬁfﬁﬁ%‘.% llﬁﬂe"ﬁ%g“%ﬁ’lgtaoﬁogﬁ devi ce
110 against stapdard nedical test conditions, where 12 el ectrodes are used

to detect an ECG signal, the ECG nonitoring device 110, (Eﬁ/ usi ng- qnly three
el ectrodes [0014%] 10%Rrafd showep sshewdtigasprgsoniatioataf srepifrye>dhad8 %paci ng
and a reduction in.th fy S 646k IBCd NSdRaasS esh

i nterferencesf \t/oelagérgisd&?%?%né:g lfﬁééseg{%ﬁi %%t%ymtg%pi ck 5}3 Igc'hgggrt si g‘r?al . In
addi tison t o dibhigyionDdndledes nogimargiigmt P02 cosfemirdd gureesiTd) fiastiBGGgighalom
muscul ar trenors, is also pr nt in an ECG signal . h. ngi 704 is
exacer bat ed %Y 2pd BFIFGRGE 1 5%?@35%‘11&5‘&%9‘8 TeRTHEA Sf?nélr‘ﬁ%kl%glfggégegrﬁgi ses t hat

llead to pef@@i&'ﬁ}“ O 2l B4 HiteF B! Bading Sa @rabifec kuditiagr Bmaipled fol tiet e

| mpul se Response (FIR) filter 800 30to address the interference | Ei}fel s and
the noi se 7(timary inpwé 982risodiithereferstesvinpyt P04y whorsim fhe tepssispércaen 69l 000105
Figure 8, the.FIR filter 800 4 0 I3s IHAE LiondlNgYse@@ent i ng a
novi ng aver & 51.545[3(5:6%{%% tIei tggrﬂéﬁﬁgﬁsg%figeggﬁ&e%% ig%glrl(gapr esqlr%{lat ion of
circujpt ry 95Rodutatoesividts Asefdr the adedive Siter B thatredwsencisswathin thedirsll so

noi se within an ECG signal. The i Lcui try 900 inclu ‘a AMRLY: J nput 902
confi gur ed th:(r”é’@giﬁ\P@l gngfheﬁcqéé%&scig §eat! %éit(?é)ﬁh)ugar% g?érsé%}% feb llr%%fdeM
configured tRyu[EERHVE @ second ECG signal 903. [00147] An adaptive filter
956, having a transfer function, is coupled to. the p%(lwrrarg i nput %%2 and
the refer enﬂwlﬂiﬂputﬁmﬁf,9B/\M&r3eib?fpcl<h@agrla’é‘n§fear CREHEY | Jnplemghfings {
according to_th i =G S| I ; $RGGNRd t ishgN@but96 to 10
produce co- esf%‘?“g?t%n{hsg&lggg@f‘%drrg?ﬁé géﬁ?ﬁ%ﬁ?i@?ter 956 t hat redgce noi se
withis the fdonfigurECGosiegeiat 186 fimnECheimet M BAGted gefareng3nput 9Wut put an

O e SRR o MBI, L Pt gt corem
circuitry 90hol prokiddes 8igRalPfiltéMiwhidhnpialy K¥0idsed as an alternative to the filter
described with reference tb Figure 6 above. ' _
[00149] - An adaptive filter 906, having a transfer function, sérves'f to process the
20 first ECG signal 901 and the seéond ECG signal 90"3.. : | L
[00150]  The circuitry 900 may be software b_ased :ahd includes the f;(:)llowing%; ADC
(analogue to digital converter) blocks (912 and 914); delay blockséﬁ'(916, 918 and
920), an adaptive filter coefficient block 908, é léast mean squére block} ‘922,
summing blocks (924 and 926) and a DAC (digital to} analogue conver_'ter) block 928.
25 These blocks are connected as follows. ‘ '
[00151] A first ADC block 912 is connected to the primary input 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 b_lock 926. The
adaptive ﬁlter"906 is coupled to the second ADC bl'_ovck 914 and the;»ﬁrst summing
30 block 926. The DAC bll_ock 928 (from which the‘:de-noised ECG signal 910 is
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15 configured to receive the first ECG signal 901 and the reference input
904 configured to receive the second ECG signal 903. In one enbodi nent, the
circui tryweQoipnsimwdes a digital filter, which nmay be uged/s&20@m00105
alternative to the filter described with reference to Figure 6 above.

[ 00149] An adaptive filter 906, having a transfer function, serves to
process the 20first 'ECG signal 901 and the second ECG signal 903. [00150]
The circuitry 900 may be software based and includes the foll ovvi ng: ADC

(anal ogue to digital convert. bl ock and 914 d (916

918 and 920puteah inerypigd/e ths §i ﬁsés i’l‘l‘?lg‘éﬁﬁ t‘bfeﬁﬁlll’eél&g) %%’%ré’ %n square
bl ock 922, %%ﬂ%@lg (924 and 926) and a DAC (digital to anal ogue
converter) bloc 25These bl ocks are connected as follows. . [00151] A

first ADC bjootse] 91Witlin teradeptivedfilten 90fiea grepuchdsiay blogk bbb, coypigd o Yecond ADC

bl ock 914 is conn e e refere I ock 916
i s connect Ied‘:“lc’(‘)18 %@b gl’)g? %&%Cﬂlﬁ ](i)egﬁt 6’%“ aﬁ&)daLIl l: ob?(gé(f ?érlzst bga%nqﬁéﬂ%lfg%k 926.
The adaptiv %ulfnhhﬁ%ebloale@:zas Sa Sui ednhingtBleckseoisctodfled vd tekfigt sunsmigt he

first sunm ng 30bl ock 926. The DAC bl m whi c de- noi,sed ECG
signal 910 i Ck\ﬁ%@@ﬂﬂl‘if@@?@ipéﬁeé@ﬁ ?L‘F’O‘Oéi@é%ﬁls pUyes %‘} Eoolllﬁl S0 ¢ he
first summ 26 Re LEHBILY Fltkh BodtiiliBttt bbEO0E hiealbd Edinestedd mg bl ock
926. [00152] |n the a aptlve filter 906, a second delay bl ock 918 is

coupl ed to tdeuyslmmmagzwqmm}cammeant yatechlaek Ak and theaseson) gunming)
coupled to the (S 924 is
coupled to hﬁ k#??sﬁh%ﬂ%ﬁ?ﬁ%qg?g?%%§ig&§ﬁﬁaf ﬁgg%%ﬁggagglgéggg%efficient
bl ockjp908 i pogsB)Nedi @ ehtbotiingens smﬂnmropemlmmeﬁmd ddaygh dpeivfrigl ter
coefficient block 908 also ¢ a de | ock.,: ay. t he

| east mean §q@$ﬁ@nﬁlﬁ%ﬁw9§§P%HH?B 8@@% @%ﬁﬁlﬁ%j S&@ﬁl éf 8lﬁelay

bl ock array Q204 csoe?i?d?élﬁé:loeﬁloe&»s tl'le%e&%qf@t} dRinalyo 03l 16 pkoddit 8 an &sﬂtp[lﬁzﬁﬂi53] I n

t he enmbodi nent shown in Figure 9B, noise is renoved throu h derivi.ng
coef ficient siedlﬁctmbeha@amlt ‘the |seeond JEEG rsigna] PP bayipg b eE‘C@“’:?FQj Vg1,

using the def 'Fe;@{en efl”rcrgttl’?e ﬁ&h@éecse%m édl?fx%ﬁ%@ﬁr#@@cﬁ E%{waoﬁ% to

produce an ol q dedu the second al 903
havi ng been[oons4es Bach Wid-éfficieaf f(wg,i ent.s dablmdratqdoﬂwt He filapive EQErS| gnal

901) fromthe fjrst 90 15 [00154] n

gener at ed by-ogHist HQE’FF\PZ)SQF adFEl’ed%ElB‘l’fl“%?eéﬁ‘thll‘ ESté%g} %sgn er(?lvérdz(rlﬁro
processi ng thecckiihnsthe 56&naiEUGbighA D0 i @itcoriicre eisdely Hlbuks $BIG0ALB &GG si gnal
903 in one or nore the delay blocks (916, 918 and 920). The co-efficients

wn) are deriS28Y Thene ¢fﬁC’GP@|(W| Mong Wiharerderived B0® si gnal 901 using the first

ADC bl ock 91 signal using the
first del ay %Pgﬁ%@fg%&?;%ﬁ ﬁ%}al 61 ﬁgsn?én%kfﬁ%m?(glocgﬁn Ing% bl ogkI 9%6 t he

out puo f r omit)ipeodebsing thd(diatyzetllfmsﬂE@_@g(laielsmg thenfarsoledantlodP16; r st  ECG si gnal

processed with delay) with o 0
wherei n the IBEIS ‘lg Aiinenke glégtosr‘\lomél ll’ll%"g‘ %l%gq%dggtﬁ%g%h% T esul%%ﬂof t he
convol ution lSlf)ckt b6 aRiRf th Gligitited BASPDEEG $igndl ljﬁoc&ﬁi@dthedelay) with 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-efficients stored in the adapt1ve
25 filter coefficient block 908 with the delayed ECG signals;
iv) performmg a least mean square operation, using the least mean square block 922

on the output of the first summing block 926; and |
V) us1ng the output from the least mean square block 922 to change. each co- efﬁc1ent
: (wl, wz, wn) of the adaptlve ﬁlter coefficient block 908
30 [00155‘} _ The various co- efﬁc1ents (w1, wa,.. wn) are used to modulate the second

ECG signal 903 as follows'_.
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25filter coefficient block 908 wth the del ayed ECG signals; iv)
performng a | east nean square operation, using the | east nean square bl ock
922, on tweoutpsi7oof the first summ ng bl ock 926; and pCr/seom@odiog out put
fromthe | east nean square bl ock 922 to change each co-efficient (w,
W2,... wn) of the adaptive filter coefficient block 908. 30[00155] The
various co-efficients (wl,w) are used to nodul ate the second ECG si gnal
903 as follows. WO 2011/ 115579PCT/ SG2011/ 000105 [00156] The second ECG

signal 903 is digit] second
ECG si gnal 081 §qlenThﬁls'F°r 'Etétd(?&g“?lhgg %PF%‘:%%a Seco ’ég'&g{é‘#’?‘?g?"ém W2 is
mul tiplied ﬁtr%d%e&éxﬁ%@% Arlis e suBpELd BY tercoheffitiegt weeThpeocessed
by the secon ay bl ock 918 he co-efficient wn is nul %flfl ledB‘i% the 5

n

digitized sefiment Bmszmghmhe@rfereﬁhe ifagitizey preend iCS sgmalye
bl ock 918 and onefl%r tg? 08& d%llag bgo%@\iigb'ﬂ%‘%%»efﬁ%me\%aﬁ%@luﬁhéd Biﬁhﬁy

bl ocks, in tPREES arra exanpl e I integer n greater
than ar equairgrtrﬂedlseémd E@Gs@nb]aaftemhaquzhbatprobd:sse{djfmﬁﬁ]secmé delayhlackof t he

second sunmmi ng bl ock 924 is I f the on

co-effici ent%géﬁﬂon%‘) meeo?féfi ﬁﬂ Efé %Pdg tef‘%‘p (L)b ?d?g%t&egﬁ?ock 908
with the delgygd £98] ﬁf‘é&aﬁapléf he a0uhtBEs:r nogreattnahae@cﬁqdalaumnnﬂgedslth 924 is
representative of hoise signal 930 present in the first ECG signal 901.

Since at therfkjgeatoNummi ng bl ock 926, the noise signal 930 is subtracted
fromthe fi CG 131, OO0 (@1 Rnd "ANIREeDRRE RI2AC RS B rdlit e tfl T St _ADC
bl ock 15912‘@%%& heﬁl gfdé/éb %&1& %X‘lu? gt he out put of trhe first sunm ng
bl ock;0926 I&ohManmhe»fdmaoccsemcEﬁﬁ gvgnat,..910:) §1084581 tha adptiveofilterni ng,

basel i ne wander cLo n vari ys nb be
descri bed. foﬁ??‘ﬁbgﬁ#egdfowftg tﬁ ;SlF%Y‘% ?5 \%Flg%a 1”81?6 Ba. ns e\t,!le%réendmOB
show ng a S'ﬁﬁﬁﬁmg@i&ﬁwzwmr@rb@ﬁehwef mudergnngpaoeprpms @nthe iBatsECGne

d del ay

wandering is exacerbated pr ol onged usage a usage u us
exerci ses t tragnal 83ld Pigcpat gpﬁf%ﬁ?‘@ﬁlmg[lde% Odﬁ’ﬁ Si‘l@mggﬁgﬁ g%

al gorithmt m IQJ fikf E?’JGbﬁgxﬁl i) g (d’ﬁ?ﬂ%lhg'geérﬁpr‘ébﬁhédeﬁsgﬂﬁ%r@tsAB@ Blodkpedance
varies great bet ween use Even wi th proper skin preparation, there w | |

be a gel ay |912raﬂdeha/ﬁrsgdeiassblabk 816)r the @ufpyt 0 thesﬁert swinptng, bigpk 824 f thus
251 npedance. the denoised ECG signal 910.

[00158]) In the fo]lowing, baseline wandering reduction according to various
embodiments will be described.

[00159] Figure 10 is a plot of voltage 1006 against time 1008, showmg a srgnal

20 1000 where baseline wandenng is present. Baseline wandering 1s exacerbated by
| prolonged usage and usage under strenuous exercises that lead to persplratlon

[00160] Designing an adaptlve algorrthm that. corrects basehne wanderlng is
challenging as skin impedance varies greatly between users. Even w1th proper skm |
preparation, there will be a delay in receiving a stable trace for a user with hlgh skin

25 impedance.

[00161] Various embodrments use an efficient. recursiVe filter that estimates the
state of ‘a linear dynamlc system from a series of noisy measurements ‘In an
embodiment, a Kalman filter design is used. While. cubic spline techmque may also
be used, the Kalman filter design shows better perforr_nance

30  [00162] In the 'following, QRS complex reprodnction according to various

embodiments will be described.
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[ 00161] Vari ous enbodi nents use an efficient recursive filter that estinmates
the state of a linear dynam c systemfroma series of noi sy neasurenents.

I n an enmbwoizoentiss7a Kal man filter design is used. 'Wil ectsic2eiigpdione
techni que may al so be used, the Kalman filter design shows better
performance. 30[00162] In the foll ow ng, QRS conpl ex reproduction accordi ng
to various enbodinents will be described. [00163] Figure 11 shows a flow
chart for a nethod 1100, according to an enbodinent, to |locate a QRS

conpl ex vvit ata. .l n.an enbodi nent, the rrethod 1100 is used to
pr gldess ECG @l’&ﬁ? lgldlé’t cl OBy 4 @rﬁdﬁl t3o FieHpdd 140 eacgardings e arr gure
D). 5 001641:1650(111&{38@ t& 1oeaenabﬂsaydrﬁne#@§hﬁetaed dath. eclﬁ'allee%boﬁlme'nl'otﬁf I

first occurri ngl'l peak -val ue is detected. At first mninum'a
occurring pringthodd 106 i yspd @tprewaﬁﬂﬁggrthmdw the E€6 monientingAevitd 08, t he
first occurr e and the m ninum val ue i s conpared agai nst
pre-determ ngggagéﬁéu% x paraneters, such as, for exanple, pre-set

cut-of§s wi {00IGRE dAtt 410208 sggnelataerngtm dzterrsreaadem& 1163, ampétickbigangr eat er
t han 250uV. At 1(11 the first ggg i ng peak val ue and fhe mi ni mum val ue
are denot ed BRekRalifds éelef:‘)tégt Y é@&l’l"i‘/‘@l"ip ¥ren osdrting praorrtpthe fisstcur ri ng

peak val ue a@él:ulrrll‘% PaaRi VAR ¥ @etérelBL AN foREHR ﬁ@pocgu he&faﬁleodndttllg

pre-determ ned conpl ex paraneters. [00165] At 111 m ni num val ue
i s denoted a%llltlmn’Q’qh&:latCP@nar@dt lagainst ptffhéet@mrmm Qﬁﬁtcomlplea mouates,suthi n a

pre-defined e 04 nd 1 any one
or nore of tlltsmfﬁl lllgltmpf trsl:}naﬂg)gﬂgk‘%gtltgﬁl%h lger?leﬁ llzlllm’]%ld &gﬁﬁs

det ect®ed by pnploeds gregtet hbast@mﬂvl aving, tHbeﬁECchﬁﬁﬂg psaK Qalae Gindl fes ent i al
equation. The.differenti al qtu$1 %n%rrpér}be a first order di. ffer ent| ation,

fol l owed by CEWEHE GHYfefredepets ocatigns, FespeRsYEly kAR bogh ther ixst

derivative ié&cush %ﬁlalvﬁlﬁél ah® thel k& vdl@NBhich Yl'leel( @nd @fpdrhhetbrsdfThy at i ve
is set to zero an he reSUlt|ng equat|0n is solved to ocate turning

points wit hll?fetdﬁ@“E@Gigpgﬁfa’lmp X pASHIBRiRrSderi vative i s then cal cuI at ed to
det er mne B?]r the:t | thd i H1ulll vlilﬁe s ldgl‘l‘dled/ %l Yie %loc tion -0
to the nQ‘? cat on is

[00167] At 1 a second peak value occurring prior
det ected, 2I51mmgmef@§netohelrs sithinch pedlefival inerial frderthé pehkaala. P | ocation. At

1114, a sec curri subsequent to the R.logation is
det ect ed, wllﬂ’qg@y /lllwgg %Elﬁﬁlm‘gﬂﬂg‘)?@ g‘gﬁ@fgaﬂg%peaqlfagg i on. At
1116, a t hi rdinfreads vableUte deetted b Hreddnnoine MgnhPhdvirgs t%e'li@@-ldhlg'llsln% a

det ect ed, V\hcf‘\éirﬁtlthe third peak value is denoted as a | ocati on.

30[00168] At al fﬂ&%l%ndT@l%‘eret% egéemdnpehka\fatttmdertdxﬁersmu, i ni mum
val ue and t hygudWed By REQhd St edifbRnfIARAC Ch' % bhbodIHIAL GRS add\Ruile 1> and T

| ocati ons
20 obtamed for the ECG s1gnal where the first denvat1ve is set to zero and the resultlng

equation is solved to locate turmng points w1th1n the ECG 51gnal A second,
derivative is then calculated to determme whether the turning pointisa peak Value or
a minimum value.
[00167] At1112,a -second peak value occurring prier to the Q location is detected-: -

25 whereby the second peak value is denoted as. a.P. location. At 1114 a secondiv
minimum value occurring subsequent to the R locatlon is detected whereby the
second minimum value is denoted as an S location. At 1116, a third peak value
occurring subsequent to the S location is detected, whereby the third peakvalue is

. denoted as a T location. |
30 : , ' '[001'68] At 1112 1114 and 1116, the second peak value, the second m1n1mum ‘

value and the th1rd peak value are respectively. denoted as the P, S and T locatlons
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WO 2011/ 115579PCT/ SG2011/ 000105 only if the second peak val ue, the second
m ni mum val ue and the third peak value occur within a pre-defined interval
from t he Woan11Q1ikzveat i on. [ 00169] Any one or nore of thecTsceond/opaak val ue,
the second m ni num val ue and the third peak val ue are detected by
processing the signal having the ECG data using 5a differential equation.
The differential equation nay be a first order differentiation, followed by
second order differentiation. [00170] A portion of the nmethod 1100 nmay be
reiterated, wher. 1104, to, 1110 is repeated as follows, At 1104, a peak
val ue occurrf’ﬂ@ ‘g%ssgﬁ?féin?eai‘d’aé‘ﬁ’ thersesend pEHRUR alpe and thie thise regk value 1106, a

m ni mum val u@c&g Withid HfreRletiféd heridl GroRFBK RVG M Rchion, 10 detected. At 1108,
t he peak value and the m ni mum val ue are conpared agai nst predeterm ned QRS

conpl ex par dA68 s. Any ong gimotetné theesgkongdgieale valng thhecondinmimumalalie aad e

ol o ana ™ naRAEAY O FIRE R Q6P RS RR R GhE ol B R0 b DSnP o
pr e- des er mi nedif@RSitiabeqiation. pahadiEfesntial ehbAtMNAd] beh fifsl dBler Hi'?férériﬁﬁ@&ii?d QRS

conplex is g ed.into pre-determned intervals. At 1120, the -
pr e- det er ni ngogf%iavﬁggi'\iﬁqoggﬁfd«?rgg H1a@Ptagai nst the predeterm ned QRS conpl ex

par amet ers {goe} er AigdRiddAithOmetel 1156 mhY Be Jaiafs, %Qreibgt Ty & B 1%)*15“

mat ch, the match providing an indication of a rm(il cal co (il 1on. ‘The

pr e- det en- ni F?@éatf“iitlfefquaws-ww 1384,z prsktviaple@coirring semeqredsto 20§00 Fzhk At

1108, conmpar{Ng. the. first ring. k yal ue and the_ m.ni mum val ye

agai nst pre- ggtgeeism&ri%acydsﬁpggdrgpIaerﬁgi)@r?ngri@ ugrosccwg@goa6%ﬁ&eégvagp AY one or

nore of the dabdtainiAgt108nthe pedeyahrcmmdshé Minimashval@uRe chifphrédidatnst pre-
det erm nati op_or ugl:ﬁg an aiti ficial neurfll | ear ni ng network. [00173] At
1108, the fi PEFHSd, RRSHpisnPHapeiersartyt [H: Menreakiialigiand thegnipiennps

mat ched agai viifie 80Ylcfsted & subBédReR R bRE® QPIbEatdat Sspidasd 5 ‘
paraneters conpri sing: nni rrur?ie{a?s ar@IQiOlt ude, - Q?Sg%i nt g?{?gfxf%%gﬁih??{:aekr val, PR
£

range, QT i nta@ys2nd the sHBimyme yalye npteh the & sl Q pathmetars phthe profletBfineat er val .

[00174] Fi guhRsLmeRQWSrath w chart for an al gorithm 1200 i npl ementing the
hethod 1100 3CH Iélgre\ﬁ%rl. %%.00175] The al gorithm 1,200 starts at 1202,
wher el£CG ditd71)s ratcdil & dthat lot@ed. QRS dodiifiex R areupd | peapredsemigedet ect ed

SO as to foririiie?va\isal iACi %, (%li)engire?()i(etgrinirie%o%tervals are compared against the pre-
determined QRS complex parameters to determine portions of the pre-determined
intervals that match, the match providing an indication of a medical i:ondition. The
pre-determined interval may be a multiple of 10 seconds. |

20 [00172] At 1108, comparing the first occurring peak value and the minimum value
against pre-determined QRS complex parameterejmay be conducteii using one or
more of the following: an image processing techniﬁue, heuristic .,de‘tennination or
using an artificial neural learning network. N

[00173]‘ At 1108, the first occnrring peak value and the minimuinffvalue ma'y: be

25 matched against any one or more of the pre—detefmined QRS complex parame’iers
comprising: minimum QRS amplitude, QRS interval, PR interval, PR range,‘ QT
intei'val, constancy of PR interval and constancy of RR interval. |

[00174] Figure 12 shows a flow chart for an algorithm 1200 implementing the
| method 1100 of Figure 11. | |

30 - [00175] The algorithm 1;200 starts at 1202, where ECG data is reeeived at :'1204.
At 1206, R and Q locatione are detected so as to form a valid QRS eomplex at 1208.
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A |l oop occurs for 1206 and 1208, i.e. other R and Q values are |located to
formfurther QRS conpl exes, through |ocating subsequent peak val ues at
1210. Forw®207i/118574210, the al gorithm 1200 works in a sipgirisgromanenes as
described for 1102 to 1110 of Figure 11 above and is thus not further
described. 5[00176] At 1212, S, P and T locations are detected, in a manner
simlar as that described in 1112 to 1116 of Figure 11 above. At 1214, the
| ocat ed PQRST val ues (see Figure 13 for an exenplary PQRST conpl ex 1302, in

a graph of a p]ot of val t??()% 1006 _agai nst time 1008) are used to generate
an ECG pul se?t 18P peeys tha{ 209 and R0 1eondipt Rotndn@yvalbies cae daseied tatfome16. The

f ormation of BH A=Y : t.echipn: of, o Ehe
cardi ac condﬁr?lgrnéggu 6 |e§s’ ﬂ?io{r%’%}?fgrcatt sqlﬂﬁe u%%‘e%&gﬁgggﬁ%?fqa%%e and
is thus not faul2lRethe digouthnp 200 workd MBsimilemahnpo ps désaride0odr hadsto 1100177]

The col | ect ed. ECG wavef or ns, . be red.to pre-deternined paranmeters

for pattern g%%%grﬁﬁ?iagﬁgeaagnglgﬁéfH?ﬁ%’g}{;r%?iﬁf’cﬁlg? ‘on that may include the use
of image prqetgs] ngAt ¢212)iS)PeandEUbdatibhe adedeichidN &t h GRardBdsiaflaf ks iHat Ci al

neural 15 | earning network. Besides relying -on human i nt-eégr etation,

regul arity ofeSPEPeg 1% {1 b6 eifiswr ddabpraal Ak i Ydafthe logatedBOREE velugmy be
; e b el A St : e
eternined by eI 45 foPbf ;e&tbxﬂﬁl]@%re?bﬁ@@ SdiPied 13628k 4 %&%ﬁ}eggfpf pattern

recogni tion al gorithmand rhy t érm nation paranete ected
ECG dat a mayveliage 10@6 agasuabt timeelki08harte yshy $0 géregite ah BEGGipolat amim dohthtt 4 ncl ude,

but are not |imted to.  heart .rate | . 20 netabolic_rate, VO2nmax
( maxi mum vol ijarrraé]aégongli(t§/délenﬁa fé]%get%c;%d %33361 rhe 80 i OIbPFletlhﬁ'i%g-‘% BUSFHAG maxi mal

or exhausti vE2ldxdahs dgtectivaarftthy @irdiad esrvemyat 10€61d simabetoviangak higy and
calories con%glg;eipo . These physi ol ogi cal _indicators nmay be di@gl ayed on an

LCD di spl ay aysAand 1§ thus netdfuysherdescaibedy| A 12180the 2 gorighm 42 Qends.
communi cat i a1 h te C&kE@teHDECVEVI}(”)I WalefolRY I e Ocdniifafed ™ td Hr& ddiEmin&P| 001 78]

Figure 14 shows a network 1400 where an el eCtrocardi ographic nonitoring
syst em - accaopatiamefers dorpattamp aetiogrition and rhythinednterngition 0ltet 283yTheluBEGhe

moni t ori ng [ ' .a uger. t. nitor a Si .activity

per f or med b%%h@%‘éé‘??@ﬁ%g&aﬁ%‘ﬁ}et §§{“ﬁég(§‘§@ffgga§%aﬁ£§" afiisi el with a
nobi | & devi clearh#@heororh. Belideerelytig dwiRénarbiatefprefation) ghgdarhase iridgalatign 1402,

30Wil e Figure. 14 shovvf th%t -thtg g}gbi | e device 1404 is a nobi] e phone, any
one or rore Yrthf rféecf’b‘ia Stealy e et peay B dtepined, byrsompytergigielizenthd a

| apt op. The aghith R0 1dul 155 TORET SGRAhORRIDGHSLT N &rithAO

connected to_a PC 14108. It is also possible fo?gﬁ?he aE%{éjtmngnig?c{or?iM%tgﬁldevi ce

110 to transtftermination ipgrametersi (et ¢olleeted £GG dotat mpy valse be whadetoeexiract

i scover vari g R dical O, SRR Bk 26 4B PR B S AT S
hyper20r ophy , métyhpdickretee MQ2maxs(oheimnen vahond of exygen olmt can be utilized in one
: minute durlng maximal Eo‘r exhaustive exercise), heart rate recovéry, heart raté
variability and calories consumption. These ﬁhjsiological indi@ators may be
displayed on an LCD display of a receiver or a ébmputer' jdisplay; lé'oth:_ in Wifeiesé "
communication with the ECG mbnitoring device 1 iO(ﬁsee Figuré llj)f - |
25 [00178]) Figure 14 shows a network 1400 | Where an electfocardiographic_
monitoring system, according to an embodiment, is implemented. | |
[00179] The ECG monitoring device 110 is worn 'by a user to mohitor a physical
activity performed by the user. The ECG monito.ring. device 110 may communicate
with a mobile device 1404 or a web server 1406, bdth through a baée station 1402.
30 - While Figure 14 shows that the mobile device 1404 is a mobile phc;ne, any one or

more of the following devices may be used: a PDA, Ea' tablet and a ;lai)top. Th_ e web
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[ 00180] Al t hough not shown in Figure 14, the ECG nonitoring device 110 may
transmt processed ECG signal, via a wreless platformof avail abl e

t echnol ogvexpittaszopref erred nobil e receiver for anbul atomgGaea®so1oThe
wirel ess transm ssion platformmy be a Bluetooth nodule on the el ectrical
circuit board of the ECG 10 nonitoring device 110. Oher wrelesss

transm ssion platforns include, but not are not limted to, infra-red,
WFi, or low powered radio frequency (RF) which are conmon commruni cati on

protocol to many data receiving tools, [0018111t On advaﬁ)ﬁa e fné(tr) ECG
moni toring devei 4061 gaysbe remnesfet 19 it PhsiaP8- a d‘s_y"Z?O BeE ea?%r ﬁ’ﬁ j §FI ng for
time per Od?no'n%@xggé fi%\j}géqlﬁtt)'%n&gﬁ' 'E%ém; nﬁ@diﬁ’écﬂ‘ﬁ't@@féom%@tcﬂ- tig aRfsele@Ni toring

device 110 can ted w th onboar orage capabili ysagsuch as

Transfl ash eombanitafibmsirptoaokd TRRBCSH menitering demieni B e -alapadivsertPes to
act as a 24-hour continuous operating standalon IGE t cam, transmt
to a comput SFSCREERION O‘C‘)rf%‘ﬂf‘pﬂ‘ff’?ﬁﬁﬁ% %ﬂ?l ?s?és?ecg?dd?gjn%ﬁt té%%\hdast%gh ta[rsends
col l egted, & SplRL Bipetkderdid, REREIHSHS ifadtiee made on physi ol ogi cal
conditions that include, but are.not Ii rrit&cg‘t'o t he heart .ei Ig&r under
normal condi0pI#l oAldregaseFhewndn digHe if: t%@ BAYGras I‘;jﬁ‘”ﬁ"c ar M%¥g or
phar rnocol 0g].6ahis drdidedel #eePHonal\ia SLARILQ PR ARAGE APHIa6I TR TbREI B0y St em
is wirel ess, dun-obstructive ahd provi des continuous and real tine

noni toring af prifisreidohobile akcdivenclor cmsbuldtery sesdsd edhe ywirgless giransaussion t he
daily life of user. Wth.25 capturjn f real. hi ' ) ' er a

| ong peri od P&)"ft%ﬂ“‘?“n’@?y ibﬁtaeﬁéqulaéagn%h& eo?lggﬁc%n%gldrt]g og{dggftiggn]%ﬁ§ough
phar ngcol ogigeHitoRRAAEVIEE 1 PI. CORITP WitcRsisnti Mk mession piafonhs incilelecbwpiongredi sease
(that may or may not be synptomatic to the patients or us ).

facilitat ed.notrhanieddoninasdi MgHaarilew I?W(Fr?Fﬁﬁadé‘? fHanengy (Eﬁ?sji“fl}‘%hﬁﬁe Sensors
for nonitori gﬁ;‘ W13 ;ﬁﬁlmg eicEaling @M.t i ons such as, but not
limted to, C@ g-lﬁlc(%se né%/aglgg? bl ood prg?gaqrg, t_)l(I)1 y tenperature and
hydration | @ot8H. ON® ad0dtdgt S SRINEST heaonng doice0d Oipthaesp-ipirgtiyeants shows
a light and nobil e tel ecommuni cation. | _ t ? Jigsp! ay 1504
for real ting e?cé%tﬁam&ﬁorél}g %&%T?‘se. pger??a)f]& got% %‘é%glﬁatf%\?é]%&t%ﬁggE moni toring
devi cg 110 (BREEGE gbnRtodidy devies/eENadan betfhed vt enboedestoragegeapalglity, (sudbat  may

or may not have viewer display, na used. 5[00184] The.received data may
be processedsvirensilag %‘é\li‘é‘n@h ?‘}ﬁige’(%‘gg Of Pﬁ‘f’%}r? *?ansfoé‘]cq%ﬂél’d%tées?ciﬂg t&®dstricted
toaFinite 24’-‘1%1# SOniRARRS Wperafifig Rlanfidibhe Hevias e eas ithasnititb  cahprtence to
Figure 8) and Kalman filter to mnimze notion artifacts and baseline
wander i ng ofsetvge ECG signal. The tel ecommuni cations tool 1502 may al so act
as a data s e/ dat [ € [ Al (oJA] Rlat form
to a centrafo(?ﬁg% cg%ﬁ%ggrgsé%segp?ool{lget%ﬁ%{ﬁ%t E—E%f%t ‘gﬂlgﬁtg{i, giq{s]ogr?%??_r facki ng of
dat a for ends.prdfisisican dbeimsaicen mifysiblgicdbtaditioomtiah enclusiee wranel netclimiteshs t ool

1502 to a central co ter server, may,. be perfornmed usin , DPA,
LTE, WFi, \Paig hsart gﬁﬁ?‘&“d?h%orf"é} STBHRR TR o) copdi n%&ggﬁ%‘f“ﬁ?” o
transmt pardcc@hindtid! ghagthoddssidaCénebainduded. amid Blectrotakiidgrahéd awaitonng cat i ons
t ool such as nobi e phone for data 15review. [00185% Wi | e enbodi ment s of
the inventi ctysteinl is wireleshowrobshiactiyesad pruddegcoRtinuops prshieal firge ZpnipAng

embodi ments, dt sh d Q¥ hhesfesskind &glyilie bheusrt Withat
vari ous chancfgfl %ygﬂgg%g%ggﬁt%gﬁag%%%}&ble (r%ad_g ‘therei r}ll V\,?_t:.hout departing
from she spidabturiagdf seab imedfiforhaidnowvent lang resiod ef imedinippsive B1aaggsERaed

claims. The scope 20 of the inyention js.t i.ndi by annended
claims and affi ang‘?%ﬁﬂ’@s IWF%ﬁf%"@ﬁé’WWP o gfcﬁgglr%}%dasnogr?gétgﬁlgtl?%wté%@%@g&e
equi val ency &f; dRBlopingidiReaRM(that MEY 6f MEEnotHeaRMPtbnianic e the pbtiadeat. users)

is facilitated. The ECG monitoring device 110 may also have additiQnal sensdrs for

monitoring of other important physiological conditions such as, but;not limited to,

30 | glucose levels, blood pressure, body temperature and hydration levels.:
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25 WD 2011/ 115579PCT/ SG2011/ 000105 CLAIMS 1. An el ectrocardi ographic

noni toring system conpri sing: a housing configured to be attached
to a creawvoreimsyopart, the housi ng 5conpri sing: paTsicaalondiys of

el ectrodes confined within the boundary of the housing; the plurality of

el ectrodes arranged a di stance apart from each other and accessible froma
sanme exterior surface of the housing; a signal processor
configured to receive signals fromany one or nore of 10the plurality of

el ectrodes ansyi ignal s to any an r nore .of . the plurality of
el ect r odes; a[gﬁlast3 ji t?%lﬁ}semfslt"%g‘r’vs gclfl%gf r‘g@”fegaﬁoa{wgmlfafg}pgf{?gh%%%ﬁﬁftaﬁe _
si gnal proceas@D didplaff he04efoe edal tiia fibwagy et ECORIEnkIs e MEingedre MeatE@r di ng
to claim1, wherein the 15§)I urality of el ectrodes conprise at |east three

i nput el ect r BIYBLOERAEiH B tse Sigvae dflynHpweyss, other datamedeivinptastss that 3.

The el ECtrOC?f{aQiOPH{é?BBi&v@%?ﬂfsﬂgy,ﬁﬁ%ﬁé’ﬂs@&.cordi ng to clains 1 or 2,
wherein the plurali of el ectrodes” corprise an el ectrode configured as a

gr ounds t er nilB@84] 20Thelrecgived dhteanayobapcicessed withcnoimndmoelling any tlering

di t A f the .nrecedi cl ai -~ wherein the signal. processor
compri ses o i MiaflRePiot Rl CiedheblsE R 0IR) Pustes fekfbepbi
el ectrodes ofeféragcento (Higlre 18y afd KRlBat fiREES. midfBizd Ao 1h ekl &s Ahd |b9§i;|[1{:}phl c

nonitoring sxgut1 m ac redli«:é]g Sto claim4, wherein the '

0 S
ering of th ignal. The telecommunications tool 1502 may also act as a

data storage/data display and relaying station thr_oﬁgh GPRS platférm to a central
10 cofnputer server for in-depth data analysis and :tracking of data trends. The

transmission of the data from the telecommuﬁications tool 1502 to a central

cofnputer server may be performed using EDGE, 3G, HSDPA, LTE, WiFi, WiMax

or vcablev. The telecommunications tool 1502 may also transmit pan‘,éor Wholé of the

ECG data to énother mobile telecommunications tool such as mobile phone for data
15 review.

[00185] While embodiments of the invention will:be shown and described with
reference to specific embbdiments, it should be understood by those sfkill'ed in the art
that various changes in form and detail may be made therein Without:f departing from
the spirit and scope of the invention as defined by the appended claims. The scope

20 of the invention is thus indicated by the appended claims and all :changes whichv

come within the meaning and range of equivalency of the claims are therefore

intended to be embraced. -
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signal processor conprises a subtractor circuit coupled to the differential
i nput buffer. 6.The el ectrocardi ographic nonitoring systemaccording to
clai m5, wbenainsi7hc si gnal processor conprises an anpl PCrsG2eawpdiesl t o t he
subtractor circuit. 30 WO 2011/115579PCT/ S&011/000105 7. The

el ectrocardi ographi c nonitoring systemaccording to claim®6, wherein the

si gnal processor conprises a baseline restoration circuit coupled to the
anplifier and the subtractor. 58.The el ectrocardiographic nonitoring system
according to claim?7, wherein the signal processor conprises a voltage bias
circuit CJupIM8 to the anplifier and the baseline restoration circuit.

9. The el ectrocardi ographic nmonitoring systemaccording to claim8, wherein
t he 10si gnal processor conprises a |low pass filter coupled to the anplifier
and the woltagelﬁmaswmﬂmgumhmdnmnmﬂng$h@ﬁ@P@an%@ard|ographlc nonitoring

D 2o o s WD 5 S OB,

anal ogue to dlg ouple OW pass 15and ™t he
transg1tuﬁﬁmnm;é The el ectrocardi ographic nDn|tor|ng systenraccordlng to
cl ai ns 8 to 10, wherein
. a plurality of electrodes confined thhm the boundary of the housmg, the
plurality of electrodes arranged a distance apart,from each other, and acce_ssrble
from a same exterior snrface of the housing;
a signal proceseor configured to receive signals from any: one or more of
10 the plurality of electrodes and transmit signals to any one or more of the plurality
of electrodes; and

a transmitter configured to transmit signals from the signal processor.

2. The electrocardlographrc monitoring system accordmg to clalm 1, wherern the
15 plurahty of electrodes comprise at Jeast three input- electrodes conﬁgured to send 51gnals

to the signal processor.

3. The electrocardiographic monitoring system according to claims 1 or 2, wherein
the plurality of electrodes comprise an electrode configured as a ground terminal.
’ 4. The electrocardio_graphic monitoring system. according to any one of the
preceding claims, wherein the signal processor cornpris_es' a differenticl input }bn’ffer

coupled to at least two input el'ectrodes of the plurality of electrodes.

25 5. The electrocardiographic monitoring system according to claim 24, wherein the

signal processor comprises a subtractor circuit coupled to the differential input buffer.
6. The electrocardiographic monitoring system according to claim 5, wherein the

signal processor comprises an amplifier coupled to the subtractor circuit:

30
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the signal processor conprises a neutral circuit coupled to the voltage

bias circuit, the neutral circuit coupled to a ground termnal electrode of

the pl ur avotyiiefissbectrodes. 20 12. The el ectrocar di ogPapisSGOTmNIST i Ng

system according to any one of the preceding clains, wherein the distance

bet ween each centre of the plurality of electrodes is |less than 5¢cm

2513. The el ectrocardi ographic nonitoring systemaccording to any one of the

precedi ng cl ai ns, wherein the shape of Lhe housi ng has a {ongest Iengthtof

| ess thans7cm 4. 1 rdi ogr.aphi ¢ _nmonitqrin stem according to

any one of "t heTi]le eleg?%%é%?%%&g?é? Or?ét,%m\}\géyse?rﬂ aﬁﬁorgﬁ‘ﬁatg %%E’t nECTER; Uf s

bet ween eaighalqeodessor ebmptigespl haselnetrystarbti GO @t doagles to thé@mplifier and the

2011/115579PCT/ SG2011/ 000105 15. The el ectrocardi ogr aphi ¢ nonitoring system

accor di ngStB5% one of the preceding clains, wherein the plurali ty of

el ectrodes are arranged so that each electrode is |ocated at a vertice of a

triangle. 516.The el ectrocardi ographic nonitoring system according to claim

15, whérefn t héhe eleatigfaedipgraphieiimcmitering systéin Faeording ab rodainr @i wheraiphthe

?:8”' tori nﬁgﬁé’i%&‘&'&s%f;g(%lﬁ]is@gatvgltacglé%iarpc%r%ﬁit \é\@ueprleecfj tg tlgeha?mlgl{ﬂe??ggé'&elbgsellilslg Sﬁcel €s.
restoration circuit.

9. The electrocardiographic monitoring system according to clairr{ 8, wherein the
10  signal processor comprises a low pass filter coupled to the amplifier and;the‘voltage bias

circuit.

10. The electrocardiographic monitoring system according to claimé 9, wherein the
signal processor comprises an analogue to digital converter coupled to the low pass filter

15 - and the transmitter.

11.  The electrocardiographic monitoring system according to claims 8 to 10, wherein
the signal processor comprises a neutral circuit coupled to the voltage bias circuit, the

neutral circuit coupled to a ground terminal electrode of the plurality of elé_ctrodes.

20
12. The electrocardiographic monitoring system according to ariy one of the
preceding claims, wherein the distance between each centre of the plurality of electfodeé
is less than Scm.

25 13.  The electrocardiographic monitoring system ' according to any one -dfv .the

preceding claims, wherein the shape of the housing has a léngest length of less than 7ch1. ﬁ
14.  The electrocardiographic monitoring system accbrding to an?y one of the

preceding claims, wherein an equal distance exists bethe_n each centre of the plurality of

30 electrodes.
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18. The el ectrocardi ographic nonitoring systemaccording to any one of the
preceding clainms, wherein the el ectrodes are arranged al ong a straight
line. 19woBha/mak®etrocardi ographic nonitoring system aecwosdiz2ogob@osiny one
of the 15preceding clains, further conprising: a receiver to receive

signals fromthe transmtter; a processor coupled to the receiver,
the processor configured to process the signals received fromthe '
transmtter; and a display coupled to the processor, the display

configured_to %EOM/ECG data from 20t he signals received by the receiver.
20. The ellect r 6Bar AFEQFUPINSERPHSNMOBHPIARE SYsEmmreroEdingi tog 2y @eaiof the

wherein t t ; GRS i I : e
pIatfornipgﬁgfgg?ygﬁ?gﬁ%ﬁwggging.9%&%%%?E§&§ﬁ%€5¢%%%r5§g%$§plﬁ%m%%ﬁ?toring
syst em actsdedhtedptayedicaiofn Btangleher ei n t he pl at f orm conpri ses any one or
nore of the follow ng devices: a conputer server, a nobile device and a
conputer termnal. 22. The el ectrocardi ographic nonitoring system accordi ng

to clasm 24, wWike elettrddariiGi@aphid idoflit6lent §/8teGORRGIERS tAEYin? 1S, WherBMItBe Of the
foll ow ng devjces: .a npbile phone, a PDA, a tablet and a laptop. - WO
2011/ 1155FHpeEe/ 1@2800105 23. The el ectrocardi ographic nmonitoring system
according to any one of the preceding clains, further conprising a power
source to power the signal processor and the transmtter. 24. The
el ectroc ai'gi ogFkgbleasravardiagranhig moyisererp sseor gicnglitgtoaclyinos, whertinahe

recedin .15 rein the transmtter transmts signals using any one
gr nor e g?ﬁb &' m?*%@fng medi uns: EDGE, bl uetooth, 3G HSDPA, LTE, WFi,
W Maxj1o | ow power RF operating in | SM band or cable. 10

18. The electrocardiographic monitoring system according to any one of the

preceding claims, wherein the electrodes are arranged along a straight line.

- 19.  The electrocardiographic monitoring system according to any one -of the
15 preceding'claims, further com}t)rising:v
a receiver to recei\}e sigrlals from the transmitter;
a processor coupled to the receiver, the proceséor conﬁgurédi to process the
signals received from the transmitter; and
a display coupled to the processor, the display configured to show ECG data from

20  the signals received by the receiver.

20.  The electchardiographic monitoring system according to claim 19, wherein the

receiver, the processor and the display are located in a plafform remote from the ho:usi:ng.‘,' .

25 21. The electrocardiographic monitoring system according to claim 20, wherein the
platform comprises any one or more of the. following devices: a computer sefvé'r, a

mobile device and a computer terminal.
22. The electrocardiographic monitoring system according to claim 21, wherein the

30 - mobile device comprises any one or more of the follo_wihg devices: a mobile phone, a

PDA, a tablet and a laptop.
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25. A nethod of locating a QRS conmplex within ECG data, the nethod
conprising: receiving a signal having ECG data; detecting a first occurring
peak val wep 2011/115579 detecting a first m ni nrum val ue occrecrissgonrbewsto the
first occurring peak val ue; 15conparing the first occurring peak val ue and
the m ni num val ue agai nst pre- determ ned QRS conpl ex paraneters; and
denoting the first occurring peak value and the m nimumvalue as R and Q

| ocations respectively when both the first occurring peak val ue and the

m ni num val ue match the R and Q paraneters of the pre-determ ned QRS
conpl ex paraneters. 20 26. The nmethod of claim25, wherein the m ninum

value is not i e | e .0t v e _accHre Wi thin
a pre-def ?ﬁed ?%t Z??/cgﬁ%rrﬁg% Pﬁite: gie%g vﬁe/ﬁ usgétyﬂ aézg?m%?png{g)ﬁooél%oﬁyctﬁ%i ns 25
or 26, V\heneefrdmgadymméurdmr Gomprigfg & lpewki satrcoocpawar e #8ng) gadeessod ahdie fir st
nininun1v§?$5 petected by processing the signal having the ECG data
using a d Srent |aI equation. 28. The method of claim27, wherein the
differgential equation conprises first order differentiation fol | oned by
second order dlfferentla ion.. 30 29, The nethod of clainms 25 to 28, further
conpri si ngft-  The elecfagax ngﬁghla BeRKRTINg SHICR aREreTHRE UPr PRy 9B of the the Q

| ocation ﬁ@@’ed@w&mgwﬁ%m&ﬁg RaAknRRAKrARIUE si%ﬁal@ ubink %ﬁ%h@ 5'1' moré of the ‘:_
following mediums: EDGE, bluetooth, 3G, HSDPA LTE WiFi, WlMax low power RF -
operating in ISM band or cable ' '
10
25. A method of locating a QRS complex within ECG data, the methdd comprising:
.receiving a signal having ECG data;
detecting a first occurring peak value;
detecting a first minimum value occurring prior to the first occurring peak value;
15 ‘ ‘comparing the first occurring peak value and the minimum {falue against pre-
determinea QRS complex par?meteréé and |
denoting the first occurring peak value and the minimum Vahre 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 paranreters.
20 | |
26. The method of claim 25, wherein the minimurrlivalue is denoted ais the Q location

only if the minimum value occurs within a pre-defined interval from the peak value.

27.  The method of claims 25 or 26, wherein any one or more of the first occumng
25  peak and the first minimum Value are detected by processmg the 31gnal havmg the ECG :

data using a differential equation.

28. The method of claim 27, wherein the differential equation comprlses first order
dlfferentlatlon followed by second order differentiation. '

30 .
29.  The method of claims 25 to 28, further comprising:
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detecting a second m ni num val ue occurring subsequent to the R |ocation and
denoting the second m ninmumvalue as an S |location; and 5detecting a third
peak val wgoeotwrsi?ag subsequent to the S |ocation and degwotsicagiitobeos hi rd
peak value as a T location. 30. The nmethod of claim29, wherein the second
peak val ue, the second m ni num value and the third peak value are
respectively denoted as the P, S and T locations only if 10 the second peak
val ue, the second m ni mum value and the third peak value occur within a
pre-defined interval fromthe R or Q| ocation. 31. The nethod of clains
29 or 30, wher @stertingp sseRndgieakyplue gecurming aienndthp &hlecationand denetingstbond

m ni mum v 4 50 vahe ot Bipdedpegk val ue are detected by processing the
15si gnal ﬁéac\gl?ng&t he ECa:G gat% uf}l ng a differential equation. 32. The nethod

of claim 31, wisteating & seeont] friimmant vallie equating sutseqqeni sethefR rsdation ded

di fferent(iiat it.ontfol lf%\éYEd ﬁﬁf second or er differentiation.” 2033. The net hod
of cl ai medSWtpg thesecqnd pip urﬁgﬁﬁ?f‘%‘i‘% ¥ai% A4t i ng the process .of detecting
a peaks val ue ogd&ebting AGhEd PSACHEN odclrrdip RBEdquEHT tHARKS Yorakish atlBi&RLHI 2

m ni nrum val ue occurrjng prior to the peak val ue; conparing the peak
val ue andthefairdpsskyaleegap ddoggiannst pre- det ermi ned QRS conpl ex par anet ers;
and 25denoting the peak value and the m ni nrum val ue as subsequent R and Q

| ocations respectively when both the peak value and the nini mum val ue natch
the R and3@ paflektiod affcldime2d) vehedan eharsacent QEE cabug |t sqpandimehieiusn  34. The

met hod of ¢l ai 29.10 further conprising:  30grQupi t he l-ocated QRS
conpl ex i Yé%e ?ffrﬁzthﬁ g?’élrwsﬁgﬂuf ﬁ?é?ﬁ?ﬁ?tévgpya‘#ﬁogg as ?heq;, %‘ozﬁ‘ﬂg[fgioﬁﬂmtnﬁ@ng if

pre- det er fik Résdnil Peak Wadles thrGatdhatmihRieund FSué A IR ekRSalne BB Xvifhe Aet er s
to determ ne Fortj ons of the pre-determned intervals that match, the match

provi di ngPrarieliAed Bisryab fropy the Rigr  logatianondi t i on.

31.  The method of claims 29 or 30, wherein any one or more of the second peak
value, the second minimum value and the third peak value are detected by processing the

15 signal having the ECG data using a differential equation.

32.  The method of claim 31, wherein the differential equation co_lhpn'ses first order

differentiation followed by second order differentiation.

20 33. The method of claims 25 to 32, further comprising reiterating the process of
detecting a peak value occurring subsequent to an earlier peak value;
detecting a minimum value occurring prior to the peak value;
comparing the peak value and the minimum :val_ue against pre-determined QRS
complex parametérs; ahd
%5 .deﬁoting the peak value and the minimum value as subsequent R and Q loéationél
respectively when both the peak value and the mi_n_imﬁm value matcﬁ thé R and Q

parameters of the pre?detennined QRS complex parameters.

34.  The method of claims 29 to 33, further comprisi‘ng:v

30 grouping the located QRS complex into pre-defermined intervals; and
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535. The nethod of claim 34, wherein the pre-determned interval is a

mul tiple of 10 seconds. 36. The nmethod of clainms 25 to 35, wherein

conpari ngwbheiffitss occurring peak val ue and the mi ni nurcYaiGaer1agaionst
pre-determ ned QRS conpl ex paraneters is conducted 10 using one or nore of
the follow ng: an inmage processing technique, heuristic determ nation or
using an artificial neural |earning network. 37. The nethod of clains 25
to 36, wherein the first occurring peak value and the m ni num val ue are

mat ched agai nst any, one or nore of the pre determ ned QRS 15 conpl ex

par anet er S con‘fﬁml%%rﬁ‘g theprerdetammioRe i 1RfppyRistagaiast t@RgerdﬂQmmﬁ QBfcomplex val , PR
range, Hdl:ng{el’salow% or(rlsfofp tﬁe pd?dte{r?dr eacpgt rv a'latc f RR It?ltberval
38. A doc Ing Interface ae ween an efectrrcal con

| ead, thepooclmgap indicetidradfe maligal caiditipn?20an el ect ri cal cont act pr ovi ded on
a housi ng having di nensions allowi ng attachnment to a creature body part; an
el ectrode | ead adapted to contact a creature body part; and a fastening
mechani SnBpr oviEethe@idd Of chah 38! whelelh @E prdl@et&hfifidd infedbal $ONLRGEp120E 16 he

el ectrode lead to allow fasteni ng between the electrical contact and the

el ect rodesqceads: 25 39. The docking interface of claim38, wherein the
fasteni ng mechani sm conprises any one or nore of the follow ng structures:
snap-on buttons, clips, magnets, studs, adhesive pads and hook and | oop
(Vel cro) 3@5teﬁ@meth@@oﬂalaffﬂme25dtoc}5|, n@enentmrﬁ;anagﬂfe ﬁrlsabdmrﬁ&g p&ﬁlle{fﬁhél the

ri st ud
Shap-on bUtdt 8 SRRIm Yahe? agalnst pre-determined QRS complex parameters is conducted -

10 using one or more of the following: an image processing technique, heuristic

determination or using an artificial neural learning network.

37.  The method of claims 25 to 36, wherein the first occurring peak value and the
minimum value are matched against any one or more of the pre determined QRS
- 15 complex parameters comprrsmg minimum QRS amplltude QRS interval, PR 1nterva1

' ‘PR range, QT mterval constancy of PR interval and constancy of RR mterval

38. A docking interface between an electrical contact and an electrode lead, the
docking interface comprising
20 an electrical contact provided on a housing having dimensions allowing
attachment to a creature body part;
an electrode lead adapted to contact a creature laody part; and
a fastemng mechanism provided on either or both of the electrical contact and the

electrode lead to allow fastemng between the electncal contact and the electrode lead

25
39.  The docking interface of clalm 38, wherein the fastening mechan'isrn corrrprlse's
any one or more of the following structures: snap-on buttons chps rnagnets studs
adhesive pads and hook and loop (Velcro) fasteners.

30 40. The dockrng interface of claim 39, wherein the snap-on button comprlses a'stud -

and popper.
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and popper. WO 2011/115579PCT/ SG2011/ 000105 41.Crcuitry to reduce noise
within an ECG signal, the circuitry conprising: a primary input configured
to recei vwoaoflvlns;'mECG signal; a reference input confi gecedcrolirecesve a
second ECG signal; and 5an adaptlve filter having a transfer function, the
adaptive filter coupl ed to the primary input and the reference input,
wherein the transfer function self-adjusts according to the first ECG
signal and the second ECG signal to produce co-efficients for the adaptive
filter that reduce noise within the first ECG signal and the second ECG
signal, to output an ECG signal having reduced noise. 10

41.  Circuitry to reduce noise within an ECG signal, the circuitry comprising:

a primary :input configured to receive a first ECG signal; |

a reference input configured to receive a second ECG signal; and

5 an adaptlve ﬁlter havmg a transfer function, the adaptive ﬁlter coupled to the

pnmary 1nput and the reference input, wherein the transfer function self-adjusts accordmg
to the first ECG signal and the second ECG signal to produce co—efﬁcrents for the
adaptive filter that reduce noise within the first ECG 51gnal and the second ECG slgnal, -to'r
output an ECG signal having reduced noise.

10
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