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Devi ce for reducing signal noise in a fetal ECG signal 5 The préb@nﬂUN

i nvention relates to a nmethod and apparatus for reducing signpal noi in a
fetal ECG WVQA8P69Sypically one obtained by using a unipol ar TEHS 9313%’71 )
configuration which detects a predom nant T wave vector whil st avoiding
changes in ECG wavef or due to 10 fetal rotation through the birth
canal . Fetal survﬁwm“w m@ﬂang | abour is standard clinical practice. The
purpose is to ide | events and fetal oxygen deficiency in
particular. Since its*G¥8F ntroduction in the sixties it has been evident

that el ectronic HelakbeMeBi! PLEARiRY fsqg@a;heﬁﬁtser e ARl B %ﬁs
not provide all the information required for an optinmal 1dentifrcation of a
fetus suffering fromlack of oxygen. 20 During the last 20 years work has
been ongoi ry to Ttharptgswhet ihekak isngralateaultd ke m@ipdshdlagpaRioys de
addi ti onal inforgation. Si.nce the a%%y seventiﬁf,éﬁg orm anal ysis of the
fetal 25 el ectrot3FdFSGraAPHaS1HER dfi€ed ™ Poh®5écth 3911@'{?31 «cal , signal
processi ng and ctypicallgspeet sbfRined K usding aEQBiwelefroBOGNAEacksi S in

| abour. Fetal nopiLiat) Phyvsi ol chni t | and

i ntrapartum assegéir}g%{ggggaEgéplévg’ég?y?%%)%.&%a%[ Ilpg—léa%ﬂngfém% gﬂ%fasrceaﬁeocntsc.’r pp.
184- 187, 1989) . |vhphstf ayaddingt chhags® iim &CGwayed ormahapesiua ude wer e

of particu@r inggegst roEh8¥bR EnIeRigh THVBIGRRS a1V e heart beats with
the 35 different ECG conponents of interest during toetal surveillance
being identified. It has been found that changes in the ST interval of the
Feral Electro Fdtar ¥urveill¥RcROUISI Ay 1aBolirBa9/sR4%bdhrd 21 igaci0G am
(ECH) are part of thg.corrpo gnts t hat reflect .the streséiPof tggfetal heart
during the | abou?*3B53FEal | @ €t RETERERgES tHratt &4y Abnordads sVanLS, o
due to | ack of oamdefietadnokggdnyideddcienecy3 itl aasedcularST Fiswenitds

i ncreased ST seg (A e a e _0of. c

bi phasi ¢ &7 changierofesloh®48 %ﬁ%é@%ﬁﬁﬁﬂtﬁ“&%&%&ﬁ VR |
Appear ance of nefaeftEonigafesalTRend tordngy by £etRdy bepadén rase iadnlypis

clinical trial 151bReWBbeB hBe provavelf anm the ihFermhtieemriguiles ths T
an optimal identification of a fetus suffering from lack

of oxygen.

20
During the last 20 years work has been ongoing to
clarify what fetal signals could be made use of to
provide additional information. Since the early
seventies, waveform analysis of the fetal
(;} 25 electrocardiogram has been studied from both

physiological, signal processing and clinical aspects
(Rosén KG: Fetal ECG waveform analysis in labour. Fetal
monitoring. Physiology and techniques of antenatal and
intrapartum assessment. ad. Spencer JAD). Castle House

30 Publications. pp. 184-187,1989). It was found that the
ST interval and T-wave amplitude were of particular
interest.

Figure 1 depicts two consecutive heart beats with the
35 different ECG components of interest during foetal

surveillance being identified. It has been found that

changes in the ST interval of the Fetal Electro

AT
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wave) of the fetal electrocardi ogramwas shown to provide nore usefu

i nformation than the nere detection of RRintervals (fetal heartéggteWﬂ 2003
(Westgate J, MHarris, JSH Curnow, RR Greene: Plymouth random sed trial '20
of cardi ot o&ggfoggg@nl y versus ST waveform pl us cardi ot ocogr amcoeB99/04371

i ntrapartum nonitoring; 2400 cases. AmJ Cbstet Gynaecol 169(1993)1151).
Several problens regarding the fetal ECG sigpal quality 25 have been
identified over the years. Clearly, it is a prerequisite to be able to

det Iect thef SThmegefelieelramd(sccogeref phke BE l&heewnf(%rfwﬁ%sfw?@ré@!ef&rm
anal ysis of the fetal electrac iQgramis t al configuration
that is consistent®afii*&ffo ?h& %gtP?GhPPFI cgﬁr(}ﬁ’gof l}qé.'l ¥OQWEt or duri ng
| abour. The convmm$1oahlyECEhbewhbngelftgataappeatuihfﬁHefETainﬂBﬁthrlng

LfeEPfogégogfg rﬁégteacg%gﬁag ngggeggﬁgoPﬁera ﬁd%ﬁé [%ﬂgsﬁﬁ?f of

the fetal b®dy, ie. the head or buttock. As a consequence of t he Iocation

of the electrodes, there igra Gax QHYSSASELLLELY o0 Jlhend Jud U 2003 VIO

0al136975 - 3 PCT/G 9/ 04 wavef orm changes w th n vectoria
distribution in the hampkdhudeipl ane of the fetus. However, experinental
data have shown a maxi nal representation of T wave vector along the

| ongi tudi nal axis of the fetus. 5 Thus, the séiggerd fetal ECG | ead, well
suited when only using-t heARPRA¥EDLEr Of Yl © Pinhashe & T oFhanPeE  not

enabl e ther@ccurate deieht aansuf sebmeges wibhT anvkegatsiptd talispe 10 This can
only be done by constructing an ECG lead that is sensitive to ECG wavef orm
Qges appearing in the longitudinal axis of the fetus. It is known from
the/literature that tBe usBpptazxancepolfanefetilveE@Gwanemss confi guration
enabl es the detection of the main T-wave 15 vector nore accurately then the
standard bi polar ECG | ead configuration (Lindecrantz K, Lilja H Wdmark C,
Rosen KG The feThesectiggpragirabbare Restggepldedstiandnralinical opedal

Eng. 1988;140: 3pd-wRSth tﬂet B'I‘Sw%Q@fbe‘le a&bonthenemofséd?ﬁer%%pué Nehe T

el ectrodes is 20 |oc teg Mﬁ ypay Eon1the 8 81 on .t he mat er nal
skin. The matern®vE has EEEﬁ f §afGEE8eBE éogﬁPFh a8 FIhRYn ¥9e ot her
expl ori ng eIectrpﬂeviéetmeretasdéud 3u£bpmatéohrmhannmmﬂemqﬁeuﬁwkuodﬂonthe
skin of the pre 3ﬁtkﬁg Lgégba@grQfegglAhgggghegtggoq§%$%g? %1 Xjyst ence of

si gnal noise whic ar nor e si I cant wh orn1|s belng
studied than is QﬁereaseJ%HtﬁuéﬁﬁVenBRoﬁﬁﬁeﬂétaPlEmeqﬁhnﬁﬁﬂdqmﬂs¢® tria

illustratipg of @f065§§§bt'6c§b%aﬁ\e§nﬂ.9 Jerkhs §1‘~ s:e@r&ianmf e foetal ECG
recorded during |ab rese basel i ne_as

i s
i cated by | R RraLeRooREaR, FBR ABCHBBAEFUR HOndbOringie SATLHES. of
bi phasi ¢ changesAmnJtQbstSFt ségnmeertofiolboid 9a3paitadn, which is exenplified
in Figures 2a-c. 35 This is a sequential recording show ng 30-beat ECG

averages. As seen in Figures_2a-c, the ST segnents are classified in a
3(Tevel scal e t hRVeER] R¥eblRES, EpgRFeOANg the febm)l B SAADb|BEBYLLY
PCH GB99/ fB871 -hdve been identified over the years. Clearly, it is a

prerequisite to be able to detect the ST waveform, and
so one of the main requirements for ST-waveform analysis
of the fetal electrocardiogram is a fetal ECG lead
configuration that is consistent and allows the

30 identification of the T vector during labour.

The conventional ECG level configuration used for fetal
monitoring is the bipolar fetal ECG lead configuration.
Here, both exploring electrodes are located close to

35 each other on the presenting part of the fetal body, ie.
the head or buttock. As a consequence of the location
of the electrodes, there is a maximum sensitivity to ECG



bet ween the negative slope of the ST segnent conpared to the baseline of

the ECG. As will be appreciated, to be able to performthis type &g JyN 2003
anal ysis, a very high signal qual ity regarding |low frequency noise 1s 5
required. AlywBQpaézs he uni polar fetal ECG el ectrode configur apcosdsssaassed
above enables the T vector to be identified, a signal noise problemis
generated at the same tine. The 10 maternal. skin electrode i.s sensitive to
mat er nal novenents causing both | ow frequency (novenent v artifacts) and

hi gh frequency (risedcm agiangéy)wﬂm% mANP I REE L SPUATCARE L POLER ilch i
interference from nai ns frerg}131 ncies. 15 T% t he sources of signal noise

may be summari sedifs:POrizg RARRA SE ofehes- r ellaredete nuscl e
activity. 20 B. Ier)t;&m‘:eﬁamzel fdaoma nisaves émmuemaneﬁlmél kewrééeﬁualt(ibrn(ﬂse

| argel y generate fet [ ts 5 An m f
assessnment of t hcejr Eyla %trorﬁaodl%e?ﬁ?a} r o%ar di%b%af#hgg eLEﬁIce
the interferience Thusm tttiee;esmcmutd afetsmhrlé(é@ béa@; gwallnsiseedbwhen only
obvi ously, any t egpe % ggmi S&rggygf 19é @'r QésﬁeﬁchEBH' dm{l

significantly inter orrn. urt er nor € e si
processi ng shoul %e ekl e dite meeerdtasietrcsian eobf chapges dol vaet 0
the fetus can ch fewqa one mnute to another and any delay in the
presentation of ECG waveform data woul d be 35 di sadvant ageous. The
technique used in the Plynmouth trial (Westgate et 2 0 JUN Zuu;s WO

001 36975 PQW GBO¥HMB dan dnlylbe 1453 W&dor&élﬁ'@@tlfnéi hheEtGglébgna;lhat

processi ng undoubt ed| wth S CEsSS. t here were ons
1€ iy el B

t g~what can be ac IR s?%%%?egnﬁPP?aﬁén?(ﬁg | ex)
varres nornal |y ammm@o antls 400 the/ feftus he Ttwaseknewnofmei yhenl y

1110 of an amplitiicofuliie HEAk ShoMale 308 SuBIER1 LB RO BRolpken

not to interfere |s | ow a I tude part e sigha e use of
anal ogue hi gh pas?Pufiiguraticn rerrRles d¢ rdefrekioni ef boeomaintT)y waye

basel i ne shifts cadi®s hdwee raédsuﬁétérw kieslbty ethé eﬁééﬂﬂa’rbebl_pm&% giog i tude

and guidelines i stl uted ca Hear t tion r d a low
frequency cut - off Jtﬁ/‘b%a f %%5?13 3’? ﬁﬁfjar}éco H'8§ énis

for the standardil?a;m«stmri((ii)ac ledfsetaam EIG 1dusimg i Ialbabtr onsAf snggestednent s
|1 £ YOG cilf oul Ald il TR | GBILAEA! kS SOrd | oo ogml Ligs) 19%h Bl

1-25). These gui de |nes wer e owed In the nout h
consequence, the Ciﬂﬂ%‘lg‘hlﬁti‘é?ml R 9f 1§he |?’?§Plz®r-’t’é3hﬂ1aﬁé§°@ﬁﬁl lst oonly a

very |imteh ext elr&car@éwqeeipvuwd}eq@mthIﬁ@twneéa@edobytnéeﬁ.htedﬁal
novenent s and the data i ternﬁ)retatl];%@th;r ore eendI{:j #ed to nore
robust changes. THEr 58 TN et YA BRI PEy2of the
fetal el ectrocarcﬁlug:rasbﬁq ®EenaliThe cethen gxpl enindee et edodsséss et  of

ST-vavef or M Changas i d GdA0 W1 e AGRIL it d e (HEa EESERGC L VAB! 5REn! BET ©
is provided a nethod of reducing noise in a fetal  ECG signa
(“; the presenting fetal part.

25
A further problem is the existence of signal noise which
is far more significant when the S-T waveform is being
studied than is the case with conventional fetal ECG
monitoring. An illustration of progressive changes in

30 the ST segment of the foetal ECG recorded during labour
is presented in Figures 2a-c. The ECG baseline as
indicated by the present invention is depicted as well.
The appearance of biphasic changes in the ST segment
follows a pattern, which is exemplified in Figures 2a-c.

35 This is a sequential recording showing 30-beat ECG
averages. As seen in Figures 2a-c, the ST segments are
classified in a 3-level scale that reflects the relation



30 conprising connecting electrodes to the fetus and the maternal skin in a
uni pol ar configuration and feeding the signal detected by said el prﬂﬂ S2003
through a first high pass filter, the cut-off frequency of the first 8h
pass filtér_hein etween 0.2 and 2.7 Hz. 35 The invention al J an
appar at us fSF)%%ggﬁhing a fetal ECG signal conprising exploriﬁng?g%??§3es-ﬂ
for 2 ~ (JU ~ 2003 _ WD 001 36975 PCT/ GB99/ 04371 - 6 connection to the
fetus and the maternal skin in a unipolar configuration in order to detect
an ECG signal a Lagn i cd evkc i pke e

by neans of a f?ggﬁwgkghgh%ﬁ%f§%€f§gx$£§%§HXE gﬂ% g#gggpﬂﬁ%ﬁéégi J%?%S§°
devi ce conpri sesthef baseliingh gfasthe iB¢@r, RAnewili- bef apprggdadedf thdbe
first filter bei e 2c 1) p} : 0N § is
attached to the ?g%gl E\ggg{éﬁl%rﬁﬁﬁéﬁe a%-ffa%ﬁgg&tggst'hg S,r’nlst%’ter_rl;gl%q% hi gh.
The "cut-oft fre§hgRey" WeIidol FRIJTHRSI EPY fESHHENCYeHQdSEy iFel ow whi ch
a significagt degegei®kedsignal ' attenuation e.g. -3dB, takes place. In
preferred forms 15 of the invention there nay be as little as 0.1 dB
attenuation in nost of the pass band and around 40 dB attenuation in nost

of the stop bandalthumgh tthe linipokeenfétal E06 eheentrode pooibides-=st Dol
20 filtering usi far i cut - f uen n_that t. te .

possi ble in the %?F%P%%%#1éﬁﬁi?i%£?éé%% %%%n%a%¥8%§gnFPi%ﬁ ﬁﬁ%ﬁgéﬁ%?ﬁmd%
the basel i ne fl ustigakilomoisie tPreoltlEm signa¢n¢dabetdoatobee isase lrige hi rfthe

i npedance ygriat pQRe 9lG s SANE: Aogd 0 T 56ABE LY R 8BeHa2S a1l i tude
than the ST waveform nost of the energy of the baseline tluctuation is at
a(fgmer f r equencPOVERGEtE HRAYHNT rkefle koW r BREFUBRCYhdmgYemendr val . Thi s

i s--Pllustrated i BrtheaeRent 1448 SHOYW frediencd. (MEEu1RE acRY&AyIN noise .
provi des a S|gnaéE%H | ity enhancepent, nodel 3 thag al_| ows th& accurate
present ation of t%&feﬁ?r‘%ﬁ%%a doiFenth the &RCPRESFERCer fgqMBinSThe
signal may be fefireiguesidiesdromthe el ectrodes to the noise reduci ng device
of the invg tion, or it may be 35 pre-filtered, e.g. using the prior art
appar atus di scussed above such as an_anal ogue band pass filter havin
cut-of f frequencTysef tdisoRoWrPss il abgnaf noigeCcmay-be symmapd IBHT5
PGT/ GB99/ 04371 _ 7 _ The former cut-off serves to elimnate DC | evels and
very | ow frequency conponents .that m ght otherw se decrease the dynamc
range of the signal. 51n tHIYSATIGICY HEOPROBRPFGnT e aE&PLGFT“XFEﬁG%ncy
of up to 2.7 Hz has beetifvdnd. satisfactory in that the T/TQRS ratio is
largely unggfected when the fetal heart rate is over 100 beats/ min.
However, in order to provide satisfactory performance with | ower heart
rates, 10 it is prefeBred tintexfrrenge ofyomrwgivacfreguensieshan 1.7 Hz.
To optim se noise reduction, the cut off frequency is preferably greater
than 0.7 Hz~and around, 1.2 Hz is believed tp be.the st effectiv cg;-o%f
frequency overall. . Theé* Y ré‘{eﬂfﬂh%d%%l?ﬁ %érgﬁw gengRaLss g’gu eta
f{lter, but it is highnd desiexidle ndwegmemis filter should add the m ni num
of—~phase digtortion and so it is believed that this invention may nore
readily be achi eved using 20 digital techniques, in which case the signa

is digitised bef BR¥ B¥SteDHLFePIFRIUANE L f thet SEryAvVEASE™Y Pift &he

fetal electrocardiogram has to reduce the interference
from these potential sources of signal noise, but
obviously, any technigues applied to reduce signal noise
30 should not significantly interfere with the ST waveform.
Furthermore, the signal processing should be done
continuously as the state of oxygen delivery to the
fetus can change from one minute to another and any
delay in the presentation of ECG-waveform data would be
35 disadvantageous.

The technique used in the Plymouth trial (Westgate et



As di scussed above, another source of si gnal noise is 25 interference from
mai ns frequencies. In order to decrease the influence of mains) Php ARYIAEs
preferably also conprises a notch mains frequency filter for attenuating

t he mai ns- fmfg@ contents of the ECG signal, the notch nuipgg/dBeauency
filter preferably 30 being applied to the ECG signal in connection with theé

first high pass filter. The notch mains fregsiency filter is arranged to
correspond to the | ocal mains frequency, for exanple 50 Hz or at 60 Hz.
Si nce nodern di g;']t 2l1993) etsedreynapgoeef $1geai hgossgnadt peodessing

substanti al | a n d nges 14 _signal eforma

mljl ti tude ofyd:Mgll} Lﬁ?rr ‘%lfe}fg‘glr%?/ e}’gse‘gg%eg%'vlegﬁwl gFFOW & ot o
reduce int erf_erdmutfatDthtp what eciw He/ 86876vedT/ GBBa/ ﬁé&él scglipow and
hi gh frequencie | neﬁﬁaﬁs?'ﬁiﬁé“ag' ?6RST§8mB9é§? (,ggyggn hﬁ@_ﬁ escri bed

above may be co ue for
per f or m ng 5noi s&ataRRR | HHO oAnd ‘if%?)eléthVé shgn3l Wﬁ’s'et 98u§ermér1a'g|q®m t h

equal or wei ght q@/l@%fl&ﬁe&t@llt@&evef théepeaﬁrslbhmtahaoee gdars an
exanpl e, ECG co ex w th marked baseline shift corrupt the averaged
conpl ex causi ngr%‘?eoﬁ'&‘ﬁ sEP e r rAXERNMPE be Et@Eﬁ%Fﬁt\é‘chl hisulevw

therefore be adwaplagasts pirtasOﬁueHi:easlgﬁambl Ehel(‘j u§é96ﬂ| aﬂell u@owxll@hbe
' en._noder i,n t

I ted t
case hi gh. passy BATR oo tees gy TERuETatPu, FESRuPREY! Cift rbadetey FRse i n
t he signallowhi chhashikimeg sini KR ¢cateiesl theanibk cEemarkedlpaadifieneinky ft

or Stope. This 4 2 i0ld s eNAL 2heqai DR nosOTRaE S0 Y FRR EOG

in sonme circunstances ana SI'S segment
difficult. Ther é’ﬂ‘!ﬁlelcﬂméi‘?m'enﬁ%@F’pﬁ“éi@ﬁaﬁ??'mamgad| aclodefrgaueasyi n

whi ch resi dual I&w-fcsmuef\canml@eoefniheareatwaeyalg%ﬁh nal i's
attenuat ed further usi vector subtraction nt a wi_th
such a filter |§eth%“'%?f?qi7tf’5/°l?% % r e ?Fﬁ'@ 5’52%%? ﬁo?g‘sb

| oss of silgnal wigdtihicdtioss ghad mseedmegtshEndym/rVCGr amgeuliilntien
preferably a se . 1 Ny 0, f er Jatteguati on of
si gnal noi se |n9'\%g"_ %P #’gﬁ) éé%&? %‘SC{;BE (‘.‘bﬂ‘ﬁf‘t géé ?%ﬁ’ﬁs. Pﬁ Fl gg’?se is
primarily const |'1thﬁ5@1 S‘ljylfb%\bfelllﬁ!%ewﬁ"l”%uci‘ahl@‘@ﬁ@ bt the Emngilghatrlﬁhe ECG
signal typically conprises a sequence of ECG corrpl exes in the form of

unconpensat ed sarg)l es, each ECG CO@? ex_1ncl udi ng %3 gnEI ex, the second
high pass 35 fi% & PRSP ArPEFOF el ¢ BBt oV GERAEFEAPEh pass
filter, tR® addltielmraiqtkns;mmb,s to | dlycanpetrgi himivednsxtenti dedtickyi ng

ECG conpl exes Ofy Juf! rrea%galltmlse %eheratemgoe]?ggg?ogg g?@%éﬁﬁﬁ@md 9

and their P—onmts or obtainin roxr matin unction to a
curve between orfdep @%mtw%aﬁmé&%gﬂwre %%clé%%lﬂnglPlQeﬁoFﬁts by

using a nunber efor¥ QESREEH Iclit&dIC CCERe g PsQn@t@féretaenéeaueber bel ng

at | east one; and neans for for e_co ns t

sigpal . One way *SPHNT e%%t‘?‘fﬂ;ﬂﬂg ?/gc‘f%? Tt a%f? F‘Fn‘%’)ﬁajfﬂé?gfﬁ@ ans
f obt ai BBng arraidreo)dondt imgpusirnmd cdet@ildd d€sessment sofir 82ngadeform
determ nati on of h% dri%élp esasiipveen P-Q points and proceeding or

succeedi ng P-Q pol nt S; ensated values y[i] are obtained according
to: y [1] =x [1] mk(l-lpq) , where i, x [i] , m k and ipqg denote index
for each sanpl e acotxReRNSE athe present invention there is provided a

method of reducing noise in a fetal ECG signal

30 comprising connecting electrodes to the fetus and the
maternal skin in a unipolar configuration and feeding
the signal detected by said electrodes through a first
high pass filter, the cut-off frequency of the first
high pass filter being between 0.2 and 2.7 Hz.

35
The invention also provides an apparatus for obtaining a
fetal ECG signal comprising exploring electrodes for



15 sanple with index i, the level of the P-Qpoint for the present conplex,
the slope for the present conplex, the index for the P-Q point sarzpueJ 2003
respectively. In case a first degree pol ynom al is not sufficient, QH
possi bl e t{g) odidgeysmeans for obtaining an approximating functp@nchgg/bml
curve is arranged for determination of polynom als of higher degree than
one) the polynom als being based on a P-Q_pgint and proceedi ng and/ or
succeedi ng P-Q points. 25 In sone circunmstances, it may be possible to

provide a si gnaéoﬂﬁeéesanqeel ich% tf@hélwlt@/%a%@ﬂﬁlwﬂﬁben
unnecessary. However this is not the case, it nmay be advant ageous i f

t he device al sou’ébﬁﬁ;lFEe§°§ﬁ19®‘r§\Fér°a’gllﬁb Ofrqec’%rt%ﬁie&?qts F EEPapignal

applied to the 5&@ si gm hannnea@eeeteml\mgt dvieesageiktigh erss fil ter
Preferably aver Iace over_ twe tothlrtyrg\;cles A lar

number ri sks ca‘ﬁ ragﬁ?eP aBeang ok r‘?tt Figna dinghtl bk ¢ huh ‘Fr
35 An enbosli rrenthefsn@ﬁailnmenbeonredddln@\del%id&mmﬂ&&heéﬂya weyret Bxagpl e

only, and vvith r 003 WO I369 5
acconpanyi ng dr %L%gggigﬁsf" @%QF(‘J%B?f]fFI gur efcgeplfggs ’E%Esg&%
heart beats witlheihg Betivefar nR BOE Qorfpdizents of interest to the pr esent

invention for foetal surveillance. Figures 2a-2c present an illustration of
progressive changes in_the ST segnent of -the foetal ECG recorded 10 during

| abour. The ST B¥B#EALiYar enengilestaddsy ig adkachpse tecthmsketat FRalPat ed

by the prpsent hRdeBhkOfsi srehehedeRicitard nlalt@yR13 tHiQEENt S an exenpl ary
spectrum i ncludi ng 15 baseline fluctuations and an ST interval frequency

Figure 4 presents an illustration of the inpact of high pass
f| er| ng on T 'mnee"arrprftﬂderqqmehcfwedsbyxstehBh%&eilxﬂ%&ﬂeeﬁs Otoathe

different fetal :h t ve ur ablock di agram of the
noi se reduci ng Ele%la%énoﬁ gﬁe%enbo i Ee%t %?g' %r er?rreeserﬂfs $gPapn
relating to conpteenuatigqbercy- spédtBr,umaéquaprira@berrédx stk eed 66rms
filter ofydhe presept iRVEREHGR thi¥re iyl Pe B 'l‘it‘?:ﬂar Ad% M gfppass

(rrultl-notch) filter. 30 Figure 7 presents a graph relating to_a first cut

of f region of aabF%P‘éPFéﬂnePrﬁoﬂpﬁémofofth& PAassePagd amd srcamrd 48veERti on,
this filter beiagténtabibh hhghopts®f( Nhet istdpt Gandf.ilter. 35 Figure 8

depicts a subtraction filter to be used in the enbodi nent. 2 0J UNc003
Thus, it will be seen that the invention provides signal

20 filtering using a far higher cut-off frequency than that
thought possible in the prior art. This is based upon a
recognition that, although the baseline fluctuations of
the ECG signal (due to movements, breathing, impedance

(:} variations etc.) can have a significantly higher )

25 amplitude than the ST waveform, most of the energy of
the baseline fluctuation is at a lower frequency range
than the frequency range of the ST interval. This is
illustrated in the spectrum shown in Fig. 3. Thus, the
invention provides a signal quality enhancement wmodel

30 that allows the accurate presentation of ECG waveform
changes within the ST interval freguency.

The signal may be fed directly from the electrodes to
the noise reducing device of the invention, or it may be
35 pre-filtered, e.g. using the prior art apparatus
discussed above such as an analogue band pass filter
having cut-off frequencies of about 0.05 and 100 Hz.



- WO QOY36975 PCT/ GB99/04371 - 11 Figure 9 depicts a two stage filter used

in-the enbodi ment. Turning first to Figure 5 there is provided af @Vﬂ[;qv%]ggg/
5 of a fetal nonitoring apparatus in use. Afirst . electrode 1 is attache
to the headwd gifz¢dse fetus and a second el ectrode 3 is att achred/Cro904371 )
mat ernal thigh 4. Electrode leads 5 transnmit the detected ECG signal to the
noi se reduci ng device (shown generally as 6)7 +he 10 structure of which is -
described in nore detail below A further set of |eads 13 transmts the

out put from t he Thadomerd dux -bEH| serepparatekisicdtaspg eveler apabt s

hown ) . 15 The first, st f the noiser ci,ng deyice_cont al ns

conventi onal anzifeord’uel?‘\' Iaffgercgu?qgg(‘; r‘g%l“ ?%%nr[%%g?]adt P‘B{?\?e?‘;eaﬁgﬁfylggnponents
of the signal. Tecmasefthd rdynenty vingdict sthegesignd®l05 Hz. This stage
al so contains a 100 Hz | ow pass filter for renoving 20 conparatively high

frequency conponents. The first stage serves to reduce the requirenents of
t he next sthage dmtileh devige ofal g clnvert ipn ala coiverfbr fregueacyn@fat

500 Hz. 25 The diidd sed HANMs Sedhefohsd d: BsfddésdbrPi ght 8hakCen | ter
stage 9 which has,a 1.2 Hz cut-off frequen ét}‘_é)r 3 dB attenuation) and
%&1/@ d pehen 1

whi ch at t enuat esT AR a1 1a@einamn thepfetpl fesgt
contai ns notch 3fhdd liereardorioemyatg/ mims Stppver Nt enf eraegetolhi s

Further in of ag@ i sdm AT T RYEET I i BB P B heRTEn S SEeE 55
signal and& o deifti niss thEfre@@oims. the ooy iftiveguenbyvést deski ithem 11,
this enabl es resj | o r i t ve y a of the
vgetor 2 0, JSJIUdildl O'OSW:% \ﬁ%%ﬁ%%%éfgﬁZ&%%%t [ glﬁgprc{oxgeg?fpr evi ousl y
déséri bed. PCT/ dBIHWITY ithe¥e frrably tgugateie Wean c@.- 8 Hg andgeremnghi ch

performs the calxy atd o HelHRvead US , bEGhARIAY| S0f 8861 Ve ECH VRS Or m
analysis in the {‘%‘ovm manner bﬁfore the output data is transmtted via

| eads 13 to a di'siEFECEr &8iF or a printer. As previously discussed, 'the
ECG filtemnssection 9 10 conprises a high-pass filter, with a cut-off
i

frequency of 1. nd J Red t n M pply
noi se rejecti on.znﬁ ﬂrs}dspéhg{s:le#}j&%ae%% hﬁltgg} ﬁ%}ﬁggc%ﬁsﬁ%gg}%ﬁgg 5?%)’/) in
t he pass band. BWurids i i@ Y |desirable tthat it £iltercshonlghiadd

filter section. thp Withindd &£ GHade dLe¢dSEbd i BWDeE 95 PRYIeveWO
exanples are: 1. A FIR-filter consisting of one cg{hg veral  seri

| 20
stages. OR 2. AShahtH& igvenien ma ¥ 4 es‘?ﬁhéﬁvﬁa 95188l y
t he i nput 23 gnaldigital hedlmispessbtimotleich rcade the signal is

digitised before being passed through the first high
pass filter.

(:} As discussed above, another source of signal noise is
25 interference from mains frequencies. In order to
decrease the influence of mains, the device preferably
also comprises a notch mains frequency filter for
attenuating the mains frequency contents of the ECG
signal, the notch mains frequency filter preferably
30 being applied to the ECG signal in connection with the
first high pass filter. The notch mains frequency
filter is arranged to correspond to the local mains
frequency, for example 50 Hz or at 60 Hz. Since modern
digital filters may improve signal/noise ratio
35 substantially without causing unwanted changes in signal
waveform a multitude of digital filters may be used with
very narrow cut-offs to reduce interference from both



time domain. The noise is the result of a filter with the inverse frequency
response conpared to the figure above, see Figure 8. 30 One exan g S{letz.h
first type of filter is a tw stage serial FIRfilter with the two

fol | ow ng~t Kapgiiaeszsf unctions. An exanple of this kind of filtpcTicB99/04371
presented in Figure 9. 35 The hl block presented in Figure 9 is a FIR
filter with the following transfer function: g ~! d ~!'!Ww! 2003 - WO

00/ 36975 - 13 vy(n) ~ ECE n-z~.hl (z) r=o0 PCT/ @99/ 04371 The h2 bl ock

presented in Fi gus® Snishagh! Rrbiguiedicidd g M0l doWhaitns ragsker function:
<N2 Filt ECQn) ~ y(n-z).h2(z~ 1=0 Figures 6 and 7 show t he hi gh-pass

cut-off frequency at 1.2 Hz for 3 dB attenuation. Apart fromthis cut-off 5
characteristic, THilerﬁoi‘LSearbduthngre’pﬁ eTésﬁdﬂmed fﬁo@éflﬁﬁy bBecdhbaned\2

~ralues and the r efficients uch as: .Ripple in the.pass_band. 10
Attenuation in t‘ﬁ’eéét g}FEﬁ %F@ﬁé offsoﬁuf RN SPE e%%%’%é&"?oﬁ?gt op
band to pasS bar[derfoemlhgvmvmlae redue istrophandrgpe t taivd Ssghabeisqtial

o ey e, avBindahg e r R P Uit QWTRSLe P ERAEL] ! Nt S

for a digital ter tran unctions™ w
affected 20 (posEeweyerestherggame sllwt@rtliw anchtae | Imsgxamphet cECSt op

band are used Orc&ﬂbleﬂés' {vi the M RE il deiirfe Cghif\? rﬁ%&’}%‘@frﬁf»@ ggkat ed
to the characteristic of the first high-pass cut-off_ region. 25 Therefore,

no absol ute set (PVe¥ageds FPEPRKs CRFIAD BHHONGANS t%iéf%%t%ﬁﬁr betBei stic
is the hi gioopaSSgéﬂéreEédfreque%m@ttmr&o&té BelHdint £Y8bhs 85 as

|1 t t ed Fi t 36975
'p 00l 04371 ANERRF: HEREAPIE, A B o iR k] 51 S hELRAESHnt

ntion wth nprierr edusucgh eegnads dmaggm}g.ffer ent high pass filters
has been carried out. This was done by applying a series of digital filters

to a set of o ' .
Even modern digital (in this case high-pass) filters,

15 may leave a part of the low frequency noise in the
signal which, during an R-R interval, can be seen as a
baseline shift or slope. This deviation in the
available signal, compared to the real ECG, may in some
circumstances make a qualified analysis of the ST

20 segment difficult. Therefore, the invention preferably
also includes a step in which residual low frequency
noise of the continuous ECG signal is attenuated further
using vector subtraction principles. An advantage with

(;} such a filter is the ability to operate immediately

25 after a possible loss of signal with the ECG signal

exceeding the dynamic range.

Thus, preferably a second high pass filter is provided
for further attenuation of signal noise in a digitised

30 fetal ECG signal where the signal noise is primarily
constituted by baseline fluctuations of the ECG signal.
The ECG signal typically comprises a sequence of ECG
complexes in the form of uncompensated samples, each ECG
complex including a QRS complex, the second high pass

35 filter being arranged after the cutoff frequency high
pass filter, the additional high pass filter comprising:
means for identifying ECG complexes of the ECG signal



5 stored fetal ECG data with the follow ng characteristics: The ECG is
recorded froma skin and a scalp el ectrode. 10 The ECG si gnal g&palﬁfs\e%qw
anal ogue band pass filter with cut-off frequencies of 0.0S and 1

anal ogue E d(?b/ | ed and AD converted with 500 Hz. 15 D StpdEERSIHGIIES
in the ST interval "'with increasing T/QRS at varying foetal heart rate
level s. The reason for testing at different_fgetal heart rate 20 levels is
the marked fluctuations that may occur and we can assune that the frequency

range of the ST Lphepwal (MY £hange denpodi 89¢9p {g %in%ﬁé nThe follow ng

filters with m ni num phase di stortlon were 25 ap NG di gi t al )
filters used at BPPrEXoRaLAmS . LE’CthPFE|t‘h0%cﬁumevxpﬁh‘”9§§soban -Q- pRigt

51.5-148.5Hz 30 gh@. aA Q*ddémﬁng}*l%r nall dihcH8E&n bhopﬁé;%nééms 0u.5,11a%4a5H2
12S. 5-249. 5Hz (TOQRS: ~ notch N2 wit gass band 0 %

5| .5-148. 5Hz et cTURBEH: Pén&ifci%e 9i30%t YRCGreAipgsE- Qaﬁalﬂtﬁmﬂke 35

126- 249Hz (?IQRS- ﬂ;h'it\ber be iMd tat Moé £ Vod); pand Wadfs 1£6r4Bobiiing the
15 101.5-148.5Hz etc (TQRS- Hz) .

51. S-98. 5Hz, ~~~~e¥§0 3123975 P
PCT/ GB99/ 04371 5C°‘§Eﬁ€s§‘§ | AP 3 Tr%‘éa‘?‘df’ﬂ‘é 5Bt2™3nd overtones, but
additional multi notch pass band 2-123Hz and 1275 248Hz (TQRS-2Hz). 6. Sane

pass band 2.5 12308ny AN 9P Sy lfeb i RS vaLt oRClbhedBt B ki BRAE
no. 4 regarding 5bPz MeAmsokaE vhiza 1BIAY i 2PBFAKIMat ingnbunat pans thathe

3-122Hz, 128- 247HartEQRE HHangd® tdyr tdeSeLiiPRat IBAt of t BEoPESSoRaANS BN ©
regarded as those freguenm es v%ere Ieis than Q,1 dB attenuatl on occurs.

n’@be seen fronPREYEER F-Q RPIBLR YPTYRSHS %’é\gt9’5l guFceeding Prilters
is such thaponhesqutamf fcdmmuwddeémed wlih seéeppseneéa 3 dB

us
attenuation is 20a I‘OXI e se of the.,notch
filters, the upp&f°c % QJSP'E?éHﬁ’dJ |'\é\E‘§b’prwgﬂﬁ U159, 3 I—ﬁ?ﬁ?ghg'r Kor
3 dB than for 0. andBiggt eiwmueomnd'dme for | earngsamplée Gncorpénsatedani ni ng
the data 2pgdi spkaypdel fl"_élgtirr?d Thettfxé SLPOLI 58 tRe ?fﬁgﬁ??ﬁgsf{a?f 'Eh ;0

t he correspondi ng cut-off val_ues B attenuation: ter wt
hi gh pass of 3 HPTESeRrtHPrmRke*E st@ '*ﬂfépel'/@% Ehe | BrOPERt .CPEPEEX) ohbBE] ng

of the ratio recondest Fegarthess- @fpdiaitl samplé, raéspectively.

In case a first degree polynomial is not sufficient, it

20 is possible that the means for obtaining an
approximating function to the curve is arranged for
determination of polynomials of higher degree than one,
the polynomials being based on a P-Q point and

(} proceeding and/or succeeding P-Q points.

25
In some circumstances, it may be possible to provide a
signal of such quality that signal averaging would be
unnecessary. However, when this is not the case, it may
be advantageous if the device also comprises an

30 averaging filter which is preferably applied to the ECG
signal in connection with the second high pass filter.
Preferably averaging takes place over twenty to thirty
cycles. A larger number risks causing appreciable
attenuation to the height of the T wave.

35
An embodiment of the invention will now be described, by
way of example only, and with reference to the



2. The T/TQRS ratio is largely unaffected by the high pass filters of < 3.0
Hz. (2.7 Hz) when ECG data are 35 sanpled at fetal heart rat es>2300(3JUN 2003
beat s/ m n approxi mately. T ~Nil t e. ~J W 00l136975 - 16 -

PCTI CB99I 04x0lotmeorghen heart rate drops bel ow approxi mately IFr/Geod/easper
mnute filter characteristics becones even nore inportant and a hi gh pass
of <2 H (1.7 Hz) is required not to affectyg4he T/QRS ratio. 5 Thus, it

may be seen that by neans of the invention it is possible to attenuate

fetal ECT si gnalaé@bﬁgaﬁyihggagaw&hg@uenci es than was previously thought
possible. In view of the nolse frequency distribution discussed 10 above,

this allows for nmuch greater signal noise reduction which thereby enabl es
nore reliable fetal nonitoring. 2 0 Jl~rd 213 WO 00/36975 - 17 CLAI M
PCT/ G B99/ 04371 1, A _neth f.re [ i i fetal ECG si I

conpri sing conne%%?%ﬁeeﬁegng 5? gg’%t %gm%e cilgland%t agtSbr?gt &t n“é}qtn@k}:ﬂei n a
uni pol ar cdnfi gutbf fenenhdECGedpmponients gifalirdetrested by hsnipiresentr odes

through a first figb Pass bkt €bethi® seMtedfifi SHgAuUency of the first high
pass filter being beltqween 0.2 ang 2,7 Hz. e10 2. A nethod as clained in

claim1l, wherein the cut-off frequency is less than 1.7 Hz. 3. A nethod as

claimed in clai nﬂ%eireg, 2ubekepreblats atnall Ihvetdata e bt Prife S fobCh
filter, the notc&] 5 fllterﬁgel n& arranged to attenuate mains frequency
0

contents of the SPAAAES An KhfeSioFegmentyofedhia foetah FCG P Rdee
notch filtiey attduudhgslabenal. cTheoBaNisedi@tity areedumdicated bpfablols. or

. 5. d | ai N . [ | ai wh [ . signal i
Girghy | sed bl or oL i8S RGCoRRERY LR, GO CACa: G R isaee T it pengis, ' °

od as cl ai neall$n depigt®d.wherein the signal conprises a sequence of
ECG conpl exes in the form of unconpensated sanples, each ECG conpl ex
including a QRS conpl ex_and the nethod further conprises the steps of: 30 -
i denti fyi ng ECG Eh9BrexasPSESERESESD SGHTRILaFd spsstrum dnedivding

15 baseline fluctuations and an ST interval frequency

ranges.

Figure 4 presents an illustration of the impact of high
pass filtering on T wave amplitude quantified by the
20 T/QRS ratio, at different fetal heart rate levels.

Figure 5 presents a block diagram of the noise reducing

device of the embodiment.

25 Figure 6 presents a graph relating to complete frequency
spectrum of a preferred embodiment of a filter of the
present invention, this filter being a 1.5 Hz high pass
(multi-notch) filter.

30 Figure 7 presents a graph relating to a first cut off
region of a preferred embodiment of a filter of the
present invention, this filter being a 1.5 Hz high pass
(multi-notch) filter.

35 Figure 8 depicts a subtraction filter to be used in the
embodiment.



- obt ai ni ng an approximating function to a curve between one P-Q point and
a proceeding or a succeeding P-Q points by using a number of pr@@eedin@igdhd
35 succeeding P-Q points, the nunber being at |east one; and - using the

conpensat edweawpb®s to derive an out put 1~ ~~ ~~~3 .. PCT/GBIND4371
0013?75 - 18 signal. PCT/ GB99/04371 7. A nethod as clainmed in claim§6,
wherein the step of obtaining an approxi mtimg-function to the curve 5
conpri ses determ nation of slopes of |ines between P-Q points and

proceedi ng or sidcead rgy defiqiss e waarst appsrpetisede diaesd ubs yhe] are

obtai ned accordijg fQ M dil =x [i] -mk (i-ipqg) , where i, x [i] , m k
and i pq denote index Tor each sanple, unconpensated sanple with index 10 i,
the level of the P-Q point for the present conplex, the slope for the

present conpl ex Tl}zf}ﬁdgid@f&%@rté he; i @itrljielséorﬁ %;Srcgﬁf&@&.té%el%exﬁvi%w

method as clained in alm6, wherein the step aining an
appr oxi mat Png f @dctd dietadl (MANIGANANT ARRIBAEEIS H der nidaf i BAtof

pol.ynoni al s of Riigheirdifgree d hat fisd e §10d e &l SopetRg basad and aP- Q
poi nt and proceedi n%ﬂand or sci#ceed‘l ng P- ojnts. .20 9. A nethod as
claimed in clai P Glectieds nmerlt ot e g dpptotrpadsthRdatné -
signal through @l entafaip rgedds tert raeoi itk détecnadrecdi ghgpassthi | ter.
25 10. A nethod_as cl ai nmed | ny. pyecedi ng..cl ai further co i Si t he
step of displ ayit%’ge ﬁmlseeasﬁéég‘lac? r}/%fc{efqﬁleéjéf i F‘cthec?werblr%elrbenra‘-’fﬁﬁlésggzar 5&?‘%3 f or
obt ai ni ng1@ f et @trECCwigyrell V30l dory idsswyr e oim mpm ederalbsbedow. A
connection 1o !l fildls AN dhe RIS L Sddind ik & 0d A A COPORIEKRL T ON

I gna uci ng

i nqrder to detect an ECG signal_and a s nol se re evi ce |inked
t &.rhe el ect r od@eVraehie dfispiay sétPFsa}@gﬁi#’r iFHFh iatk,a virRREFArt KAoS| gnal
noi se reduci ng FHowdpvi ce conprises a first high pass filter, the cut-off
frequency of the first filter being between 0.2 and 2.7 Hz. 2 0 JUV 2003
_ WO OQ 36975 PCTI GB991 0437i - 19 12. An appardtus as clained in claim11,
wherein the cut Thfef fineguesttage S7 |las THehamwilse/ tdriuclihg Aleeppar abrsadns

clai med in cl ai Wbl dfe Adpa WA S 1) S Ao S 305 e hENLANON o NOt ch

filter, the notc elng arranged to attenuate nal reguency
contents of the fgagugncy comppngivs RLLhe signated iThel@bre8E wherein

the 10 notch fi lfh¥quidON s ahis Etlges A ANy HMavimg d regagachesoof 50
Hz or 60 Hz. . . .
contains a 100 Hz low pass filter for removing

20 comparatively high frequency components.

The first stage serves to reduce the requirements of the
next stage 8 which is an analogue to digital converter,
operating at 500 Hz.

The digitised signal is then fed to a first digital ECG
filter stage 9 which has a 1.2 Hz cut-off frequency (for
3 dB attenuation) and which attenuates the signal by
less than 0.1 dB above 1.5 Hz. It also contains notch

30 filters for removing mains supply interference. This
stage is discussed more fully below.

Subsequently, the signal is processed further in stage
10. This serves to detect the QRS complexes in the ECG

35 signal and to define their PQ points. 1In combination
with vector filter 11, this enables residual low

frequency noise to be removed by means of the vector



15. An apparatus as clained in claim 13, wherein the signal is subsequently
di.gitised before being passed 15 through a second high pass fi I?@r JUNe 200
apparatus as claimed in claim15, wherein the second high pass Tilter
conpri ses: wo gasags for identifying ECG conpl exes of the ECG POT&Bgsa#37aNnd
their P-Q points; - neans for obtaining an approxi mating function to a )
curve between one P-Q point and a proceedingzor a succeeding P-Q points by
usi ng a nunber of proceedi ng and succeedi ng P-Q points, the nunber being at
| east 25 one; afibtraeeden fProdesrg piesricaigignsidsasr Sea@l es to derive an
out put signal. 17. An apparatus as clainmed in claim 16, wherein the 30
means for obtaining an approximating function to the curve is arranged for
determ nati on dfhs| Hjmesl gbatt nef beewevik: faiststamel p2 owhedihng or
fgccgef: 19_% e Bl g 0Yle COTPENTALIGY A3 Xddudl © 006 20808060 diiad
i ndex for %ach %%p\b'@vetmtlbn%@ﬁ%xﬁé@ danpihe vbmcrwri lozzoiel 3 e bhéOlrevélheof the
P- Q poi nt for t S C r n t he
T3P LR AT BRSSP edd) P ES, BRPLEY,
poi nt sarrpl e, re¥3PRer|IBP(OT 18. PEANESFar at us as claimed in claim 16,
wherein the neans for obtalnlng an approxi mating function to the 5 curve is
arranged for deternlnatlon of nom al s oflgﬁgh r. degree than qgne, the
pol ynoni al s bei®fy PESELCHAIY Iv)‘ rartd'$ e’g‘l n¥FSFi8lceedi ng P-Q
points. 1D An cpppribses ashtghl-paésl £ idltadyn b tH A czruﬂ&fﬁOfqu;hbﬁty
conpri sing an avgerag f e i_at Wi t e eco i ass _f.ilter.
20, An apparatusgdg %Fgfd% él%ngzag%Fbéégl %h%ébn d% ﬁ§F|?FﬁES
ahs for di splaypply anoisesrepartion.15 Itﬂqelmcprsaeserebnme@lrsu(gnal ig1hagn
apparatus for reduct age N9ks 'aeﬁawt An e YA HRIDT |51 50rsl b7 shahhah

pass filter having a cutoff Trequency between 0.2 an and second
hi gh 20 pass fitd ?SEB%?lgP'ﬁgChaﬁéEﬁ@rflﬁt‘l%rﬂﬁ f‘-';h’rﬁj %%ﬁnﬁﬁéfté@‘of t he
ECG signals and their P-Q points; - neans for obt a| ni ng an approxi mating

function to a ve_bet ween_on Qi nt,and a ceedl or a2
succeedi ng P- Qqé?)? n?%f’fﬁru%‘?lﬂggg ﬁgﬁﬁeﬁ‘se& 1rﬂ*oc egr ﬁ%i‘eed?wa P-Q
poi nts, the nurdsexmbbkésmgane:| east one; and - rreans for using the

conpensated sanples to derive an output signal. 30 22. An apparatus as

claimed in claim21, further_conprising the features of any of clains 11 to
24 and 17 to 20-- A FIR-filter consisting of one or sevéral serial

.AY. A L. Ao . ASStged\S+@o Af . A9. A@S% Af . Ay. Ay. Ay. Af u. A@i?. Af | R AS. AHF. Af ;

- AY(
*/ [1fYZ_"*-VWWei kzupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] cal] @Rca]jca Ucra

\ 2. A 'subtraction filter', where the output signal is
(} 25 simply the input signal with the noise subtracted in the
time domain. The noise is the result of a filter with
the inverse frequency response compared to the figure
above, see Figure 8.

30 One example of the first type of filter is a two stage
serial FIR filter with the two following transfer
functions. An example of this kind of filter is
presented in Figure 9.

35 The hl block presented in Figure 9 is a FIR filter with
the following transfer function:



U c”ra Ul c”a] cal] cal] ca] ca] ca p<=BFKS_apv K { ; '

‘azupkfa\VVca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caLmﬁg]éhﬂﬂggﬁca

Lﬂca]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!a()24yzU‘nq$39}mxnga\kaa\V%f%%caLﬂc

aU] ca] ca] c P83V cal] ca] cal ca] ca] caU] ca] cal] ca] cal ca] ca] ReTEBP¥YYXL] ca]
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$$*$0$%%6 " ' ))) } xsni d*Ykfa\ W] cal] ca] ca] ca}caBca] ca] cal] ca] ca] ca] ca]ca] ca] ca

] ca] ca] calU] ca] ca] ca] ca] caU] cal] ca] ca] cal] ca] ca] ca] ca] ca

)))))*++) H ++-- [ 122" 2822 X46, 92969Q0WD: <¢z=?zupkf a[ Vkf a\ W cal] ca] ca] ca] ca] ca
caU] cal] ca] ca] ca] ca] ca] ca] ca] ca £ _

!a] cg% ca]U]ca] La] La] Lau} ca} ca{J] c!a] cg]fg(ggjl—c%-}:aﬁﬁ%n?g'}@<&

@B@Z@ @\LBTBBI CDDEEE: EAE} Ez GGHOI 31 | J{ KKKKKKKzupke™ [ UU] ca] ca] cal] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca

] ca] ca! KLXNN PPPPPPPPL QPONJ Rt RWRRK ShT* U6 U=UL U[ Uqu ggg}Xke‘ [UJ]]ca
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] ca] caU] ca] ca] cabPciPc loskc Bresedisd Vi e af 3§ ca 8¥] Wallca] ¢
a] ca] ca] ca] ca] cahealfealowivyl WrANWOY function:

YWY{ YYYZZ@KZWZNZ} ZZ[ \ M ] | w1 ga\ Vke [ UUU] ca] caU] ca] caU] ca] ca] ca] ca]
ca] ca] ca] calU] ca] ca] cal] ca] ca] ca] caU] ca] cal] g&ld] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca Filt ECG(n) = Y, 3(n-i).h2()

" bbb#b*b: bwccdeeeeggggggggh: hj kkC n} wr mhée Yke™ [ UUU] | ca] ca] ca] ca] ca] cal
ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] cal] ca] ca] ca] ca] ca
U calca nn
, h3nnod Tt w9 ] A )

cgheal cal ca] ool CALCa) 20l Carcl Co) cal oal ool S0l o] caf cal ool EEPagbFEN 88 G2
] ngcaq ca */fdE-2ABROHOR §) 9B pddgeation gosApaR: (%r%mob B8 (Futoof & ()-
%F("l%f%&;/é‘ ) :(5; :T| Epﬁ(ﬁcﬁzﬁ%&'dtﬁ@g'tl—ﬂéf;é fis( )a1 ;)]tbtl (?ﬂ?ﬁéﬁ?c&éfiégg/?g%ﬁ(hit |
5"10%t& ()--1t% f(i%z%‘*?@%“yﬁ/&’ %‘fep%a?ﬂ{? {é}T &7%‘7"‘(‘)1%‘1 '

coefficients, such as:

Ripple in the pass band.

10
Attenuation in the stop band.
Slope of the frequency response from stop band to
pass band, i.e. how wide is the stop band (it can
15 not be equal to the 1.2 Hz above, would result in

an indefinite number of coefficients for a digital

(:) filter).

In addition, the transfer functions will be affected

20 (possibly resulting in simpler implementations) if notch
stop band are used or not, or if the characteristic of
the notches are related to the characteristic of the
first high-pass cut-off region.

25 Therefore, no absolute setup of coefficients is
relevant, but the main characteristic is the high-pass
cut-off frequency (at some attenuation level), as
illustrated in Figure 7 to 1.2 Hz.
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The ECG is recorded from a skin and a scalp electrode.

10 The ECG signal has passed an analogue band pass filter
with cut-off frequencies of 0.05 and 100 Hz.

The analogue ECG is sampled and AD converted with 500

i Hz.
15
Distinct changes in the ST interval with increasing
T/ORS at varying foetal heart rate levels.
The reason for testing at different foetal heart rate
20 levels is the marked fluctuations that may occur and we

can assume that the frequency range of the ST intexrval
may change depending on heart rate.

The following filters with minimum phase distortion were
(;} 25 applied:

1. No digital filters used at all (TQRS-0Hz).

2. Multi notch N2 with pass band 0-48.5, 51.5-148.5Hz
30 etc. Additional HP1l multi notch with pass band 0.5-
124 .5Hz, 125.5-249.5Hz (TQRS-% Hz).

3. Multi notch N2 with pass band 0-48.5, 51.5-148.5Hz
etc. Additional HPl multi notch with pass band 1-124Hz,
35 126-249Hz (TQRS-1Hz).

4, Multi notch with pass band 1.5-48.5Hz, 51.5-98.5Hz,
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but additional multi notch pass band 2-123Hz and 127-
5 248Hz (TQRS-2Hz).

6. Same as filter no. 4 regarding 50Hz and overtones,
but additional multi notch pass band 2.5-122.5Hz, 127.5-
247.5Hz (TQRS-2% Hz).
10
7. Same as filter no. 4 regarding 50Hz and overtones,
(j} but additional multi notch pass band 3-122Hz, 128-247Hz
(TQRS-3Hz) .

15 In this experiment, the pass bands are regarded as those
frequencies where less than 0.1 dB attenuation occurs.
As may be seen from Figure 7, the frequency response
typical of the filters used is such that the cut-off
frequency defined with reference to 3 dB attenuation is

20 approximately 0.3 Hz lower. 1In the case of the notch
filters, the upper end of the pass band is approximately
0.3 Hz higher for 3 dB than for 0.1 dB attenuation.

The following can be found from examining the data
(w} 25 displayed in Figure 4. The frequencies in parentheses
refer to the corresponding cut-off values for 3 dB

attenuation:

1. A filter with a high pass of 3 Hz (2.7 Hz) affects
30 the T/QRS ratio with a false lowering of the ratio
recorded regardless of fetal heart rate.

2. The T/QRS ratio is largely unaffected by the high
pass filters of < 3.0 Hz (2.7 Hz) when ECG data are
35 sampled at fetal heart rates> 100 beats/min

approximately.
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5
Thus, it may be seen that by means of the invention it
is possible to attenuate fetal ECT signal noise at
higher frequencies than was previously thought possible.
In view of the noise frequency distribution discussed
10 above, this allows for much greater signal noise

reduction which thereby enables more reliable fetal
(’; monitoring.
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high pass filter being between 0.2 and 2,7 Hz.

10 2. A method as claimed in claim 1, wherein the cut-off
frequency is less than 1.7 Hz.

3. A method as claimed in claim 1 or 2, wherein the
signal is also fed through a notch filter, the notch

15 filter being arranged to attenuate mains frequency
contents of the signal.

4. A method as claimed in claim 3, wherein the notch
filter attenuates signal components having frequencies
20 of 50 Hz or 60 Hz.

5. A method as claimed in any preceding claim, wherein
the signal is digitised before being passed through a
second high pass filter.

6. A method as claimed in claim 5, wherein the signal
comprises a sequence of ECG complexes in the form of
uncompensated samples, each ECG complex including a QRS
complex and the method further comprises the steps of:
30 - identifying ECG complexes of the ECG signal and
their P-Q points;
- obtaining an approximating function to a curve
between one P-Q point and a proceeding or a succeeding
P-Q points by using a number of proceeding and
35 succeeding P-Q points, the number being at least one;
and
- using the compensated samples to derive an output
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compensated values y[i] are obtained according to:

ylil=x[i]-m-k(i-ipqg), where i, x[i), m, k and ipg denote
index for each sample, uncompensated sample with index

10 i, the level of the P-Q point for the present complex,
the slope for the present complex, the index for the P-Q
(:} point sample, respectively.
8. A method as claimed in claim 6, wherein the step of
15 obtaining an approximating function to the curve

comprises the determination of polynomials of higher
degree than one, the polynomials being based on a P-Q
point and proceeding and/or succeeding P-Q points.

20 9. A method as claimed in claim 6, 7 or 8, further
comprising the step of passing the signal through an
averaging filter associated with second high pass
filter.

Y

(j 25 10. A method as claimed in any preceding claim, further
comprising the step of displaying at least part of the
filtered signal.

11. Apparatus for obtaining a fetal ECG signal

30 comprising exploring electrodes for connection to the
fetus and the maternal skin in a unipolar configuration
in order to detect an ECG signal and a signal noise
reducing device linked to the electrodes by means of a
first signalling link, wherein the signal noise reducing

35 device comprises a first high pass filter, the cut-off
frequency of the first filter being between 0.2 and 2.7
Hz.
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filter being arranged to attenuate mains frequency

contents of the signal.

14. An apparatus as claimed in claim 13, wherein the
10 notch filter attenuates signal components having
frequencies of 50 Hz or 60 Hz.

15. An apparatus as claimed in claim 13, wherein the
signal is subsequently digitised before being passed
15 through a second high pass filter.

16. An apparatus as claimed in claim 15, wherein the
second high pass filter comprises:

- means for identifying ECG complexes of the ECG

20 signal and their P-Q points;

- means for obtaining an approximating function to
a curve between one P-Q point and a proceeding or a
succeeding P-Q points by using a number of proceeding
and succeeding P-Q points, the number being at least

(w} 25 one; and

- means for using the compensated samples to derive

an output signal.

17. An apparatus as claimed in claim 16, wherein the
30 means for obtaining an approximating function to the
curve is arranged for determination of slopes of lines
between P-Q points and proceeding or succeeding P-Q
points; and compensated values y[i] are obtained
according to: yli)l=x[i]-m-k(i-ipg), where i, x[i], m, k
35 and ipq denote index for each sample, uncompensated
sample with index i, the level of the P-Q point for the
present complex, the slope for the present complex, the
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5 curve 1is arranged for determination of polynomials of
higher degree than one, the polynomials being based on a
P-Q point and proceeding and/or succeeding P-Q points.

19. An apparatus as claimed in claim 16, 17 or 18,
10 further comprising an averaging filter associated with
the second high pass filter.

20. An apparatus as claimed in any preceding claim,
further comprising means for displaying at least part of
15 the noise-reduced signal.

21. An apparatus for reducing noise in a fetal ECG
signal comprising a first high pass filter having a cut-
off frequency between 0.2 and 2.7 Hz and a second high
20 pass filter comprising
- means for identifying ECG complexes of the ECG
signal and their P-Q points;
- means for obtaining an approximating function to
N a curve between one P-Q point and a proceeding or a
(v} 25 succeeding P-Q points by using a number of proceeding
and succeeding P-Q points, the number being at least
one; and
- means for using the compensated samples to derive
an output signal.
30
22. An apparatus as claimed in claim 21, further
comprising the features of any of claims 11 to 14 and 17
to 20.



