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to oxineters, and in particular to the selection of
ensenbl e averagi ng wei ghts usel for ensenbl e averagi ng
of signals that include detected waveforns froma
pul se oxineter. A pulse oxineter is typically used to
nmeasure various bl ood characteristics including the

o CSPCEFION (R ENSPMBIE RO EPAGINGHRIGHTS FOR A
of PIISSEONIMETER B%’SE?;?IS;SE[@N%WFTMMETRICS

of "a non-i hvasi ve sensor t ses i rough a

portion of a patigAtk&EROGRD GFEHS AdvENTFOR and

phot o-el ectrically senses the absorption and
scattering dhelpreght invendionmelates snigenefdldo aximetdrs,aind in particular

RO RS b R v
\Ff)gfdt Wtudt] BRI B HSHHTrdrf) 2 plRe Bkimetdle " pul se” in

se oxinmetry conmes fromthe tine varying anount of
arterial bl dopulsqoxinsteristynisatly vpedgoanesauidivasoeseloed

Th [ | d.f th d ical, .. . .
nehesrEdie HOSERE TR ploc Svin SEHDER0 8P hpfifeiobin n piprig! blood
WRhE heGRI$ERUTHS: Witleht. INTBastvdihdrft of tHeStRirAddtistits has been
optical energy through a portion of a patient's bl ood

pecdansished by ues offernsniny asive/ssnaqyitha, pagdes Ligh thraggh a portion of a

t enpor.al, .aver agi ng..sche i.nvol ves .t Q .
T R T R
A4t RAInP G 1ightis 8GcH BssGél The aheura oftigBidbeerbal endeeitiefed is then
new sanpl es and previ ous ensenbl e- averaged sanpl es

f mezd tf@rﬁ@tim@testbe papif bigad;constitpgnt dm the tisspeesingivarioys glgorithms
o one T B e vE Rtk S oBERbBRlin® yefihe amount

u EE hAemd] bl if Qlﬁ@t;ikwﬁ duripey calﬂ‘diﬁc ﬁgclba?ihei signaltprecessed from the
characteristics of the signals that are being ensenbl.e
avensad epticat greagugmeNtds therfamaiaR Pl SIS ARG gy, Which

4 . . .

B e T G L S

c papasg’s bivodgpeefuagiiisspell se waveformis used to
cal cul ate

Ensemble averaging, which is a temporal averaging scheme, involves
the use of weighting factors. In a pulse oximeter, ensemble averaging is used to
calculate a weighted average of new samples and previous ensemble-averaged
samples from one pulse-period earlier. Weights selected and/or used for ensemble
averaging have a significant effect on the ensemble averaging process. Such weights
may be uniformly selected, or they may be based on the characteristics of the signals
that are being ensemble averaged. For example, the Conlon U.S. Patent No.
4,690,126 discloses ensemble averaging where different weights are assigned to
different pulses and a composite, averaged pulse waveform is used to calculate
oxygen saturation. Conlon's signal metrics for adjusting ensemble-averaging weights
are based on a measure of the degree of motion artifact, a measure of the degree of

low perfusion (e.g., pulse amplitude below a threshold), and pulse rate.



oxygen saturation. Conlon's signal netrics for
adj usti ng ensenbl e- averagi ng wei ghts are based on a

woreass®Idf the degree of notion artifact, a nREEUSBOT07406

10

15

20

25

the degree of |ow perfusion (e,g., pulse anplitude

bel ow a threshol d), and pul se %ate. However, it is
desirable to provide a nore flexible and nore robust

nmet hodol ogy for the selection of ensenbl e averagi ng

wei ght s use@lofwcégele T@i?p@giﬁb@’@ :??&Uidl@a Rloré 118ABleSnliRdre robust
i ncl ude detected wavefornms froma pul se oxineter.

BhicHfo dSldyyietvthEselEetion ddaPEIIIN aTéregipg eigltts iseddht enmsamble

is directed tq the.selectjon.of epsenhl e averagin
WeYGRgIEs agganﬁarhagﬁg%@[@{eg{%éwﬁ &“"?fog? § RS D
correspond wi th detected waveforns froma pul se

oxi meter. The selection of ensenble aver a%i ng wei ghts

are based on onBRIEFRI/MMARY @HABEBYYBNI#®Nvar i ous

signal qual i netri.cs or i.ndi catqrs. | ne

obodi mant . Tk erePasERrtion o irrRi B 1esli®E of spsemble
eRs&IRhE WY Pacd FoSBBabR avBragingdfsienakith@icdfrespbad with
nmet hod 1 ncludes receiving first _and secon

d
eleteeted mayelorms fioays pulsoexigictialbe selestion aficpermble averaging
perfused tissu rti r ' . - di.f fer. .
SISt ge haSSRh P g BEh RBRRROL S b B e d Bl therics
S bgfidlicatita! inf ohedimbiddémentehe hessagrintention ipgmdlss; a method of
sel ecting weights for an ensenbl e aveg%%r US]j

he .
a sl RCraging pighals uavise gximet. dRs laelélagﬂit%évmg first
t Beq Sl S64 Eﬁégﬁ&ﬂ%ﬂe‘ﬁs ?é@%ﬁsi@%l{‘%o&%%l@&fﬁéﬂs@d iFSéw portion

aver ager. 1'n one”aspec e ction of" ense
avefrepondinged o giffersnd waeslengthastlegsehnsinmydniassesafient of the

IR N TIATTE oo o ]
T3l i LB, o ) ULt s

s elpobmagretivapnalsaisofg thbensdmbptecavendgesi mi l arity or
correlation_between the fjrst d second . . .

el ect r omagnéd pge P%’&F%B?eﬁﬁiegﬁlﬁh‘gﬁn@fe : ﬁlﬁ@gg@gglg(}y eightg involves an
dge8Ent afiPhdeUE vaFibhS 86tal BYalRD GRSt WhérithdseMctifig of weights
current pulse anplitude to the |l ong-term average pulse
aimpilides dermihg & kembingtiah of one erantre ob theafollawingrrignal qudity

S ggllﬁ’iﬁ}e, eggﬁ%l%ﬁw gﬁﬁ%‘%‘\é@lﬁ%ﬁl&{‘ﬁie ° 'g@‘ﬁgg of t{i]@a{sl;l gmeasure
Ofof B3 RYREJTSinMilkritP oP EérkdlsticA betWgenSth @ Fisdt Snd k&ond electromagnetic

ful l er understanding of the nature and advantages of |
t madiation signals; a measure of the degree of motion artifact by obtaining a ratio of a

current pulse amplitude to the long-term average pulse amplitude of the signals; a
ratio of a current pulse amplitude to the previous pulse amplitude of the signal; and a
ratio of a current pulse period to that of an average pulse period of the signals.

For a fuller understanding of the nature and advantages of the
embodiments of the present invention, reference should be made to the following

detailed description taken in conjunction with the accompanying drawings.
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DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a bl ock diagram
of an exenplary oxineter. Fig.°2 is a block diagram of
the signal processing architecture of a pul se oxineter
i n accordance with one enbodi nent of the present

i nvention. DETARMER BESCRIPTOMOBTITHBHAWENGSON The

met hods and systens in accordance with the enbodi nents
of the presdig. liinadiadkghagram ofian gseraplaryoekimgtert he

sel ection of,.ense e.ayeraqi wei ght s used for.

cnsenbl o avEigg g e GraR o Tt prostiHie S ispture of
dgliRe b n e fa8E dFBarice WRPorRNSR R YR @i préédt invention.

sel ection of ensenbl e averagi ng wei ghts are based on

one or nore or a conbination of various signal quality

Thvent on ar S BLarraiGREASON dE et BrERTIONT 0"

expl ai ned byrhegh@h&aiicadisOstoma sliiceoRAhse with they@abodiments of the
saturation of henoglobin in arterial blood_ and pulse

oiPraseirinveTiion aredirecteddavaris she srlaction pb mserble airsERging weights
C HRSERE SaR R Lrspd B Shnald theEOREbOREw il BLieSE vl Bformus from

apPluilseaktinettn Hhvyselretion af emembadveegingweighirarababed on one or
associ at ed gat ient sensor, such _as ECG b] ood
piRa¥8 OF & coppmationpivasions signal quality mgfsics enmdicatoss. nbhe

oSriTRHerfl R B EATERl i SRR rfy doBRLAT, (PHIAWIL be

pexplained by yeferensatoumedsucemaits eff dxygembatidaton ofleernoglotinnn
SpO.ar. .sa an ulse rate. .Oxygen saturati.on c e

C SRR A B8 6 BIGE O S AL G A Pulse

t %ﬁﬁﬂc%tg,“&nsdrg.e%%tléi?ﬂfsh&ﬂﬁ bg eaized fdt 1% ehiddiments of the present

phot o-detector 1s conditioned and processed to

d émentibm aretdqualtynaripdicatile hoang ganeratizedipatisnt oaitpoanskassociated
ratj.os) of the r o infrared (IR signals..This..

retir e hth & GG plog PRSSErve vl 46 Ak BilsPdnplipgble to non
t QxBhBY brful@okaBBrpabHEat i on. Pul se oxineters and

sensors may be enpirically calibrated by neasuring the

modul at i on” rAatyipicabpelse eximateyaneasues twe physialesiorlggrameters,

e s B B0 B B BEPTERL 5l i i
Oxygen saturation can be estimated using various techniques. In one common
technique, the photocurrent generated by the photo-detector is conditioned and
processed to determine the ratio of modulation ratios (ratio of ratios) of the red to
infrared (IR) signals. This modulation ratio has been observed to correlate well to
arterial oxygen saturation. Pulse oximeters and sensors may be empirically calibrated
by measuring the modulation ratio over a range of in vivo measured arterial oxygen
saturations (Sa0,) on a set of patients, healthy volunteers, or animals. The observed
correlation is used in an inverse manner to estimate blood oxygen saturation (SpO,)
based on the measured value of modulation ratios of a patient. The estimation of
oxygen saturation using modulation ratios is described in U.S. Patent No. 5,853,364,
entitled “METHOD AND APPARATUS FOR ESTIMATING PHYSIOLOGICAL
PARAMETERS USING MODEL-BASED ADAPTIVE FILTERING,” issued
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estimati on of oxygen saturation using nodul ation
ratios is described in U S. Patent No. 5,853, 364,
entitled "METHOD AND APPARATUS FOR ESTI MATI NG

PHYSI OLOG CAL PARAMETERS USI NG MODEL- BASED ADAPTI VE

F T, 9 oS

DelirhdR, 1098 HEE DR ARG Mo u ot S lfleg PHETEROB HND
DAPPER ACUSEFDICRETRATYNG OPTESARPUSES)” Xiuedlid@nch 27, 1990,
which ar oth .herein incorpaorated. by reference jn

¢ ko 5 Boiciegein grcomoratgt P Behoerndhielt FuieGER af Burposes. The
EUSER S RIS BB i,
eexampledin/EPant NBENISAR, 05 TentMed IMVEBRIC HNSENS@R WITH

) MR T AR T Y T

Pi{dBRRRHed W SéfeRHESE i)EnBILR ESt 0P s.t RBst pulse oximeters extract
pl et Hysnographi ¢ si gnal havi n(% first determned

s thaplethysnogreplie bigaalrhaving first detesmingd setiratian or pulse rate, both of
susceptible tg.interference. Fig. 1 is a block diagram
of’ﬁ’b afSﬁ%%aP‘ﬂ%ﬁF‘” ergr%’ﬁ%'se oxi neter that nay be
configured g ilnphemRidiidenoToadefbodiment of 1pulks eGateter that
i nvention. The enbodi nents of the gr esent invention

eyt donfieted e beplement theembedimeatsl tae pregsst invisptiomathe

s _execut ed I I: ri .
o SrBoEor e bitSn lifeRE00 Y b8 b elent B it propessine
pardovan that fsdxeciitdd by Sednicopocdissceriad, doserilsel tetéved Lipht from
phot odetect or 114. A sensor 100 contai ni ng .the |ight
S bghicsuzged |Qmostsainta a PO RN TUARGESSES Al A scaHEis@Rd detected

1 . e . Y i eati ¢
o5 aHELEREBEP| 158 sSh8P 208 R okl sod prpigercor

t enayedlscdonsqip mo pridodee] kawhich atdvidessipnialsiindieative dfdhe wavelength
cal cul ating oxygen saturation, Encoder 116 , for .

" R Daghtcsouresd 10 19 alove s, oxtugfes i selosh apreoRiin L i qreag icients
PYbSGI Rt to%?gér?&turﬂfkﬁi. O JFRELT 16/ AEY, YSkeBistnce, be a resistor.

m croprocessor~ 122 connected to an internal bus 124.

Al so connectSedsdrd 00 hecdmnscted tooa Rilk¢ onsimstey 1206 The dximeter

displ ay 128. A ti ] it (TP 0 id
LR 5B LT SSERE TR, M b 2370 RSB
Wit L, sGO B IRANISn 6 106 @RE aTRplaRe1 28100 giﬁleitﬂﬁgébﬁiiﬁghﬁﬁ (TPU) 130

and 1f multiple |light sources are used, ] .
mptaviigdsdingialg control signals to light drive circuitry 132 which controls when light

source 110 is illuminated, and if multiple light sources are used, the multiplexed
timing for the different light sources. TPU 130 also controls the gating-in of signals
from photodetector 114 through an amplifier 133 and a switching circuit 134. These
signals are sampled at the proper time, depending upon which of multiple light
sources is illuminated, if multiple light sources are used. The received signal is
passed through an amplifier 136, a low pass filter 138, and an analog-to-digital
converter 140. The digital data is then stored in a queued serial module (QSM) 142,
for later downloading to RAM 126 as QSM 142 fills up. In one embodiment, there
may be multiple parallel paths of separate amplifier, filter and A/D converters for

multiple light wavelengths or spectra received.
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134. These signals are sanpled_at the proper tine,
dependi ng upon whi ch of nultlpﬁe light sources is
illumnated, if nultiple |ight sources are used. The

recei ved signal is passed through an anplifier 136, a

| ow pass filgREd ddthe ARt FMh@RaLIQEd §1%mﬂb ld)ﬂr@s‘pondmg to the light
converter 140. The digital data is then stored in a

q mmmcedskalrplmltodwtﬁ@tﬂr d 12 @WOPIG@SSCfrdQZ iveitl splcylatithe auy grp

to RAM 126. as

 REE OB i YL DG Ba Ehe arHERS r R o ents, which
armiy e &hpiritallyt @éteraﬁﬂed%&r@s@amhg &, Foif Slanipld, &hepsbv@velengths of

i ght wavel endths or spectra recei ved. Based on the

vzhgh’eu@ﬁ {Theser are sfovasdn &iR(AM K6 dnadweonaielrpetiosyster, the
mELﬁ? etl g% %%{éi%ﬁ%%%?eﬁa%% ?rléx ér%i?‘ofw%&el 19%%%&% defdmined
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Sttc? %agct'd?ff&eﬁqg{s]o%oeéﬁ?leﬁtst R ait dﬁnéﬂtsfh%@hmta Ii’@s stors are
I cular set of coefficients c osen or any pair

V\ﬂl‘sﬁi wngldet pmciniang the cetfBeionts a;iplbpnmh dovaal infrared source paired

i ndi_.cat ed by en oder CQrrespo 0 articu
| PHR et S TR 804556 B i e sogERe ghe sgection bebigen wiether the
tegi@ggqeggg%a . gq&l;ét W3l e ChisHeR LK by ?Jflyéféd 1R BRBnASSinGRSEom control

erent sets of coefficients. I'n another
eriynds b&htControbinpatsd 54 exydtepfog instancasesivitch arethe pulsk oaimeter, a

o Fr e PO OBl R e Aol Fosb RO Faggpermore,
S %ng ABmb&SE ﬁ&h@@ 6 %&Rﬁﬂl@ﬁﬁ yMRekbefo ddignieds gitg‘ﬁt @bulse rate,

red set wl osen can be selected wt
c @mygen saiturpflion énammaﬂmtdpmtedl phwambgl@hpmtqrol i nput's
154may be, f.Qr .instance pul s
oxi meter . a WepELAgegtono Sl ey anig ik e sthbove
f Isefedad £ H@éi@fo? Gﬁknﬁﬁfgﬂﬁé fletholdy! fdrfhﬁjdéﬁﬁg ensRitiblaAFERBSing weights
of methods or algorith may be used to deternine a
pdex anerissmplel averagen, @/hu&b@yg descsibed belowoin Wmeo@WhrFlg 2.

desi red phy oIo al s
of an exenpl n%ﬁﬁ mﬁ ﬁ@?é? lg1H§%$ph%%gb§€ﬁﬁg%$%@%?asa
agpait o¥alingef Sndl @esressitig\ystehtusdl b prbedsaiptiasl) sigial¥or the

ensenbl e averagi ng wei ghts for an ensenbl e averager,
winuenpses of epesimg i lssaraneter. Such signal pesessingsysfeqt is shown in

Fig. 2, which is a block diagram 200 of a signal processing architecture of a pulse

oximeter in accordance with one embodiment of the present invention. The signal
processing architecture 200 in accordance with the embodiments of the present
invention may be implemented as a software algorithm that is executed by a processor
of a pulse oximeter. In addition to calculating oxygen saturation and pulse rate, the
system 200 measures various signal metrics that are used to determine filter weighting
coefficients. Signal metrics are things that indicate if a pulse is likely a
plethysmograph or noise. Signal metrics may be related to, for example, frequency (is
it in the range of a human heart rate), shape (is it shaped like a cardiac pulse), rise

time, etc. The system shown in Fig. 2 calculates both the oxygen saturation, and the
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wWaywsesnoased t o process optical signals for thBCT/US2005/007406

10

15

20

25

30

pur poses of operating a pulse oxineter. Such a signal
processi ng systemis shown in ¥ig. 2, which is a bl ock
di agram 200 of a signal processing architecture of a
pul se oxi neter in accordance with one enbodi nent of

t BRIsREASEThe SPYERDOO M aldded If&‘rlﬁkecﬁhg ¢8fusMlsation and sensor off
architecture 200 in accordance with the enbodi nents of

t laed postpase condittontsi whichaye dascribpdl sepaatebiobelewa sof t war e

al gorithmthat is execu ocessor of a pul se

oxi net er, Ii g)d(é'lg?]? &mgqg%:lcbl?aaﬁt%?lng oxygen saturation
and pul se fEBlSck mere@ws&rﬁm%@eﬁﬁaﬁ oF g Sigiid] @ondBioafia block.
metrics that are used to determne filter weighting

c déedigitizadired ami §R signals oF wekelgras ugiregpsvedimd arrmnr@i&t@ed in this
b%g%u lnéls t:illégglg eelIs %vgt:lxge:tgég{@d 81{” ﬁla%gln% slﬁff,e ?low pass filtering

f Rﬁﬂi«moéfﬁ:‘clélﬁs laﬁd (3)Qimaﬁlge>ym‘Da daluma pi‘@afvfe thetatd, The
shape (is it shaped i ke a cardiac pulse), rise.tine
etfenctivnof giestignal rditioningrubsystent i 16 gmphasiza e bigliee Sequencies

O)ﬂ¥aq %chsr% 'tﬁc?e}nﬁl%ﬁl I?tﬂgirﬁ% achec‘l th €y aT@ﬁ)ﬁﬂ'éil%ﬂh%Q fh which

al'so enous p sation ahd sensor
Ofnflotmdirﬂlﬁeﬁ is psthedly conchitdatedn ﬂ“,he\Slngnah Candﬂtldﬂm(grsubsydtem selects its

BiThek CorgBieBi Bkl raTY TG SFO: BROFHE gigritos dentiied
O‘?i'ﬂﬂh% lh?{:'él&gf[lglll ﬁ'{buts-l{a %1 k@'O l%Cllg ftfzgd ?é?idanldeRSél _8nd its

or wa orns are recelve are condltloned Ih this
bloatputdmre ptetprotedsedipdtand IRsstgndbr ivative to get ri d of

b [i h | filte
oot 11 o ent S1odkelRusprari e pgestioh obfha ey Hication and
P r(%%ﬁﬁ&@aotnhtﬁo&@t TI® loW s HRGEA Qfght'i)fedtrp&a@ HI"s‘i%nals are provided to

ditioning subsystemis to enphasi ze the hi
f laig biookite dlentifit pulsasyand quatifethpmree rhkpl}'eetrt@ylglmgseﬁp FIhma done
to attenu uen|e3|nm@ n. ar ”Ith 1
| SR Fethon Rl SRLGR BmaR S sosriRe R Gieht, TR Puse s
SYUPRYigies By%ﬁluﬁﬁﬁﬁg it§ 1|1tlua@ lshéyeaintiffdqaaidy. (A Hpudlo this block is

narrow band) based ardware characteristics

i dm@wetag@@uta@mengd iﬁwm blark 208 i BiHs funepon shanges thsapiipod

bbb 8 BT SN r b R BB o

t t&ﬁ'h?ﬁhﬁﬁ@bh&ﬁldﬁldﬁzﬂ pulsy hﬁﬁltﬂldﬁﬁhtsf to Gaddkar4auret (1) pre—processed
Qual i fication block. The | ow pass flltered digitized

r eerl anfolR Fieraly(R) Averpge prlsspanod, susl (3) lowpass waveforms from the
low pass filter. Outputs from block 204 include: (1) degree of arthythmia, (2) pulse

amplitude variations, (3) individual pulse quality, (4) pulse beep notification, and (5)
qualified pulse periods and age.

Block 206 is used to compute signal quality metrics. This block (block
206) determines the pulse shape (e.g., derivative skew), period variability, pulse
amplitude and variability, Ratio of Ratios variability, and frequency content relative
to pulse rate. Inputs to block 206 include: (1) raw digitized red and IR signals, (2)
degree of arrhythmia, individual pulse quality, pulse amplitude variation, (3) pre-
processed red and IR signals, and (4) average pulse period. Outputs from block 206



this block to identify pulses, and qualify them as
likely arterial pulses. This is done using a
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IR signal. The pulse is identified by examning its
anpl i tude, shape and frequency.7 An input to this block

is the average pul se period from bl ock 208. This

functi on changes the upfront qualification using the
PYhSRdd: "(‘iﬂo@géas A cRsemBE _a@ér_@ﬁ_ﬁ% £0er WBhRAHIdthEs for sensor off
degree of arfhythm a and individual pul'se quality.

| rfetectort @) bomadliz2d preaprocessdd wayedomis eed &0 pperasdt modulhtion.

' l's, (2),.A I i od d (3)ml.
oot or e £ TEIRE PO FoRPsESaR et iise Belods i PR Rpipek 208)
Z%Idu[h@ésttﬂ@avérﬂge_ Slagy Reioaifro feyulel feceivéd. Pipu$Lro block 208
anplitude variations, (3) individual 1g(grlase gquality

( Anclpdd: spalifiedpulen periodaendege. Fhoyipyt fgemibleake8gntludes the
peri e; Block 206 is used to compute signal
q&gﬂ%%%pﬁfé???lg%d.. This bl ock (block 206) deternines the

pul se shape Kleclg210 eipidsents theefufdtioning efthe dwvpass filter and
variability, pulse anplitude and variability, Ratio of
RmpesBblG averagingisulsysighy BloglydEhloy pass fidigts and|cagemlple pyerages

: i ncl : .
et 2 g PSR PRSI Yo Sl Stodpdod e weighis for e
arlowypakefilier ardéteringitied by tHeSigreul Mdttiys blpekt 266. alip signedds also
variatjon, (3), preprocessed red and IR signals, ailnd

( Pnsevle ayeragd Ge- pieAneiesotfieh (a8 thessAf ptstoRt near the pulse rate
2061Re! o I ' |
o5k RS 0o, BRSSEDN BYEK A, B il s
nateramired bySigng Metess bldck2e f besssveight ds {sdignpe ifdbasignal is

nmodul ation. B|] Qqck, 208 ¢ tes a e l.s er.i ods .
THIAgEE St Iete MOBaYS SR e L He el 5 abipies atthythmic
P‘Helb efeﬁé%mﬂlél?vﬁﬂéiﬁgﬁs Adt %ﬁf)ﬁbﬁijate 'dﬂigﬁg §rrh9thﬁli9. Cit{e@Q&l IR

include: qualified pulse periods and age.” An out put _
f rvcamefidroslar2@@céssed sepertelindub withdhesame kerpeg weoights. The filtering

Bl.o 2 represents fhe functioni f the. |l owass

£ iF BeYes e o B OTE e oSy i BPLERB3aS b
Pagfuididd @6 and ensenbl e averages nornalized and
preprocessed waveforns processed by block 206. The

wei ght s f or Thediltasswiseeontinpousht vagieblegeqiphtsd Hesgmplestagenot to be
Signal, .Metrics C g ' : |

ARl rege, Yehife SRR PRvichS i SRR ft o s
| nheestighea hvéx’aﬁe, M $ies Hewt Sangiek drk stilh provessed shratigh the

att enuat qu[) . Wwth the ensenbl e averaging filter
wedlggithma| block tracks the age of the signal and/or the accumulated amount of

filtering (e.g., sum of response times and delays in processing). Too old a result will

be flagged, if good pulses haven't been detected for a while. The inputs to block 210
include: (1) normalized pre-processed red and IR signals, (2) average pulse period, (3)
low pass filter weights and ensemble averaging filter weights, (4) ECG triggers, if
available, and (5) IR fundamental, for zero-crossing triggers. Outputs from block 210
include: (1) filtered red and IR signals, and (2) age.

Block 212 represents operations that estimate the ratio-of-ratios
variance for the filtered waveforms and calculate averaging weights. The variable
weighting for the filter is controlled by the ratio-of-ratios variance. The effect of this

variable-weight filtering is that the ratio-of-ratios changes slowly as artifact increases



determ ned by Signal Metrics block 206. Less weight is
assigned if the signal is flagged as degraded. More

woweighs7ops assigned if the signal is flagged aBCT/US2005/007406
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arrhyt hm c because ensenbl e-averagi ng i s not

appropriate during arrhythnia.SRed and | R wavef orns

are processed separately, but wwth the sane filtering

wei ghts. The filtering is delayed (e.g., approxinately

0 I a t

A SREREE ity 2s St B B TSy o s 8 response modes,
v andladihg fasﬁatginczrmal modesrcgsxamplenhltering ipghe fast mode targets an

ensenbl e- aver a n,the wei ht| for,t.h [ evi
£ Pt Bl e Hass; P drlSAlR P PRl Tadhcitnal Hode.
avie! A8Emodd) the MmN vﬁﬁgjﬁﬁ@oﬁh@ c&?éﬂt alRe @S @fped at a higher level.
t hrough thé al gorithm This block tracks the age of

t e othiegwatdsaa thvoweighbiszseigned tattheinewest ratiootf-piipg eal¢ylgfion if

f nd
s saRog esef 2B A e wEER R AP pbSp Bieiy e inpuigdgtock
P2l 3 §EchiRy g%) filtchaed dﬁdl ﬁ’& kipdalk @hd agai2) librdfien icoeffictents, and
to block 2 i ncl ude: normal i zed pre-processed red

aitd) resposisgmare (e.g. zyseavmeégéttlﬁa@s é)qé@its &am lggk 2 Binstuds an
¢ bRl o Ao BRIAITR BicA AL A THO ol i iRE WL fied as an

gers, aval | abl

f i@ sebloak 214 along Wim filtepasIRghd Rédygavefornomalcnldie avaraged
bl ock 210 include: (1) filtered red and IR signals,
aﬁﬁlo(czf)faﬁ%and@rgéck 212 represents operations that

estimate t hEB fek@hté OFer@sAst RalcBlatd gteh LiiGfa8tn.

wavef or ns an % ]% te averagi ng me|g£
v &atuadtion 1malgin]htedg1sfngrantaﬂ‘g)rfthrhtvath ths ca]abranmi caadfitignts laed
rati os, vari ance.

ratio
L eV FaBRLe (O FRLIos [HAUES tﬁéﬂ?% v WuvSen Raie-ggRatios
chgg gﬁ%aﬁtﬁ%ﬂ c?@fﬁé"e isf a6l oUtHRIRAS BRRR2 16 MARE %%ygen saturation

qui ckly ‘as arti ecreases. The subsystem has
r esjmense nodes, including fast and normal nodes. For

exanmple, fil i.n fast node targets an age
metric of Sﬁsi ateéﬁ%agc W3Ot ar get age may be 5

seconds in tﬂl@cl@@f B ﬂHééj fltedsAnd @ﬁseﬁ‘rﬁﬁé axf@g%%s tﬁé"ﬁgnal(S)

m ni mum wei ghting of the current value is
h |cgn@tlon@k/lat bloek 268, tﬁ@rthmulas rat@ldeotAﬁwéiogh fChe sweasm @niéhb low

mppgsetelﬁqr} %ette Lt o{tﬁ M%ﬁg cl}Li cﬁ(oi(%gl i sﬁé‘n% & d1%o

P reﬁmle avdrg ddr(b"ldt &e&]&n@ie@ othe? dhdn itk We Giteredtneht the uRE rate

red and IRS|gnaIs and élé cal i bratian

c @ed ﬂfs bpepramscs ae attm)ated}a swthn cpgsEdle avegaging Sler wpights also
gleh bycg’léTpalIl E\/fetltlés%gi f’(fék I?e]sgvdemfllt ﬁda%s@Hed if the signal is
flagged as degraded. More weight is assigned if the signal is flagged as arrhythmic
because ensemble-averaging is not appropriate during arrhythmia. Red and IR are
processed separately. The filtering is delayed (e.g., approximately one second) to
allow the signal metrics to be calculated first.

The filters use continuously variable weights. If samples are not to be
ensemble-averaged, then the weighting for the previous filtered samples is set to zero
in the weighted average, and the new samples are still processed through the
algorithm. This block (block 218) tracks the age of the signal and/or the accumulated

amount of filtering (sum of response times and delays in processing). Too old a result



averagi ng wei ght for ratio-of-ratios calculation. The
averagi ng weight is used as an input to block 214
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averaged ratio of ratios and age. Block 216 represents
operations that cal cul ate oxygeén saturation.

Saturation is calculated using an algorithmw th the
calibration coefficients and averaged ratio of ratios.

| QA SRS HIR okt HorbUER RIS i)

Ra%fipg-%ﬁagég% ?ggo n&l (2) cal_iebr a?tié%%gacoef fhiﬂgl) enpgt.s t?ARIOCk 218
oungiude: {1opredpracksed 161 arsl HRhsignunly, d2naveadgepaisepariody (Glowpass
I'l.. Pulse Rate Cal cul ation ock 2 I s filters.
B OB SRR GEe PREnE TURE e G Shespb )l available,
blag§ k52 R26unfi therdiie fR YbRecrbaint hidgki Ottt f#om ﬂig& 218 include:

wei ght’s for the | ow pass filter "are determ ned by the
Si(hnilterkd tad ansl IRl sigriels2md (2)1#ge- si gnal is al so ensenbl e

averaged (i ..&. uencGi.es her .t han those . .
Mteroet nedfiork G T iRet R 1O ch T A uplification block
alchRAdsAHS puldé pétidds Eroanse Miefeday Sfelinityaind #td R%ults are used only
wei ghts al so determ ned by Signal Metrics bl ock 206

L sgheneeiudseis disqualifiegriecblock 304e Tnpun o blogk 22Gigghidend) filtered

0531 8t VU AL BB DRI 5 e oo

N@h) BiAnthe Rirdasreystusf seflsod ki st Uved & déted e TR il Rédenergies.
processed separately. The filtering is delayed (e.g.,

apspipwti frem dlogk 330 inddedss @palifiednulwparieds andega netrics
to b | cul ' A ' i
0 be calcu %1%?1?2&%,][& éhf n%{bggéé P& Ise{rﬂ)t%ig ag(g EhicaHesBli¥e Rate

vari abl e wei are no

edebtalewluies dgamilsetrhennd heerags plite pagiddorTHiselopk Glock222)
filtered sapples is set tp zerq in the wej ght ed

aveqeRtss quakbed prdsssriods Al age agdppuls g prﬁw%&iéaverage pulse

: eﬁU@Qn&rﬁtpﬁgg%&%%tgﬁgi s bl ock (block 218) tracks

e age o si gnal ]or the accunul ated anount of
filtering (dillinV&noneBpleatsm ti nes and del ays in

Ul ses. haveiPIpdhah o redadieet Vespus Eilsssiblptic peiv S mputs he
bleg. fo%@%(eizl REd MRIEIR didnalddid 2k FoRs BRIEK 200, i dlﬁfr_ate and provides

si'gn ) average pul se period, (3) lowass filter
wenghdisataomcbfergseusyidsation angn opti. |Bleek 324 glse providep aEd

triggers, .if ayvail.able, and (5). IR funda al . f .

2 QG iy B i S P siE 1BH o pn ffer which i

| kg€ the Ensemble Averaging filters (e.g., block 210 and 218). Inputs to block
224 include: (1) filtered red and IR signals and age and (2) pulse rate. Outputs from

block 124 include: an indication of venous pulsation and IR fundamental. In one
embodiment, block 224 measures the “openness” of an IR-Red Lissajous plot to
determine the whether a flag (e.g., Venous_Pulsation) should be set. The output flag
(e.g., Venous_Pulsation) is updated periodically (e.g., every second). In addition, the
IR fundamental waveform is output to the Ensemble Averaging filters.

IV. Sensor Off

Block 226, or the Detect Sensor-Off and Loss of Pulse Amplitude
block, uses a pre-trained neural net to determine whether the sensor is off the surface
of the blood-perfused tissue, for example, of a patient. The inputs to the neural net

are metrics that quantify several aspects of the behavior of the IR and Red values over



(1) filtered red and IR signals and (2) age. Bl ock
220, or the Filtered Pul se Identification and
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the filtered waveforns, and its results are used only
when a pul se is di squallfled by) bl ock 204. Inputs to
bl ock 220 include: (1) filtered red and IR signals and
age, (2) average pul se period, (3) hardware ID or

" 3¢ gt re el aebhes” huhei o Bl ty Bior BERTREN 2005
b |sﬁBéysﬁiH§ whitd the eignalssdte fsi cdttiepndt Sedipaivieeda pailsd bagg present, or

Bl.ock 222, or the Average Pul se Perl ods_and Cal culate
pindieativgithat|s| ssasor i Roton Aetorig sia¢& » Paise Pagnt, Disconnect,

g T b
\lﬁps%%%gg Yeri st r@&%} dof é %ﬁ%&is@@bffg Jt% 8 %?c)cgrﬁ%%élﬁc‘fe (1)

erio age a puts an

prslgnlaﬁ@.&htj thetrivgcaraif@) fheloxenger's bEﬂDa\mrgh(r@}s pumipdifier getiw, and (3)

t.puts, | Venous Pul sat Bl k t
1%@%8%41@8?‘%@?@}36#{%%% Ci'ngf?%ir%tg@l & ufphta?ﬁogl Fff?sk 226
pnﬁa@a@&ﬁgﬁ@@ta&@gmm%g Rnsdr Wreindicansn.age from Bl ock

se rate and provides an indication of
v enous pul sdn |tbmara131te§;tur© 20 d@santtb@iiOVEZﬂne MO}) o blogk 226,

2 Thulss 105158 RlRG pent it Fhe. A/ dsrE SR ipRddh fom

E%‘@éﬁll \o¢ ﬂﬁﬂsﬁ%ﬂd prdck® n} a{réhlﬂac’ﬁur@' RCA AR, ﬁfé@lg’iﬁ rocessing
[ nputs ‘to block 24" inclu (1) filtered red and

s |agcvmﬂestumwﬂh1g§ U the(rzgelmgﬂ Reandaed wagefopus to ¢cmmﬁt@0b¥gen

124 cl ud f | sat d

S s B A AL P A PG o o
" QFPRRE Sﬁnplﬁﬁd@ﬁ?re'd%te@féd byl tﬁéﬁg@&l&pnﬁde@ﬁng rcHiéctirgl ne

the whether a fl &;& Venous_Pul sat1 on) shoul d be

set. The outThetbrf dgscpatlgn of ayeerabpdimgnisefta e gxameter signal

CRRRSnR Slch SR dodeRadioe RS pREGR Mentibh cot forth hove,

fun vvave ormis

Enseiebhea Basiy fgidegribidg the methods adsdces@hit aﬂ duﬁ:da’ct&ﬂtﬁwards the
or the Detect Sensor-Of and Loss of Pulse Anplitu
bisglertion eleansgmblecveragingarei gt pead R ensebipeavieFAERO! Senals that

bl 018% og??ﬁgg édshlgvéf{?%} 1o aﬁ%ﬁis@%‘%}uﬁ&e} Rg; 1s %enerallﬁ indicated
[ rhyllilacktsdlt) faad Bé8 abdvenet
ENSEMBLE AVERAGING WEIGHTS
As set forth above, the selection of ensemble averaging weights are
based on one or more or a combination of various signal quality metrics or indicators.
In particular, in one embodiment, the metrics that are used to adjust ensemble-
averaging weight, includes a measure of the degree of arrhythmia. This metric is used
to reduce the degree of ensemble-averaging when the patient appears to be
arrthythmic, as ensemble-averaging works less well for signals having highly variable
frequency content. Another metric used to adjust ensemble-averaging weight
includes a measure of the degree of variability of ratio-of-ratios (e.g., lack of
similarity or correlation between IR and Red waveforms). This metric is sensitive to
the presence of motion or other noise sources. This metric is different from that of

other known techniques such as Conlon's, in that Conlon teaches a metric that

compares the similarity between current and previous-pulse waveforms, presumably
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behavi or of the IR and Red val ues overthe | ast several
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200" s subsystens while the signal state is either not

i ndicative of a pul se being pr]elsent, or indicative
that a sensor is not on a nonitoring site (e.g., Pulse
Present, Di sconnect, Pulse Lost, Sensor Maybe Of, and
qaiaE e Sk oy GRHEh, bt RS BENHER i S k250
brvayefonms at dififepdnt fraeelengths, Anottier(1B¥triamsédtoi aujiast ansentdple-

the oxjnmeter's hardware configuratjon. tputs from

GERE BBt Raen A 8 & e PhsE Fira GBS0 RaegPRig

ndi h o ehitent 3
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i rkitdbas 2 oesponsedimdef phehdps @dnimuienyghdnrellpulsesiaonqdalidied, and several

ver gl par f the signal..pro [ architect.
hiriRsapadto Mo aulspy A PP BRE AT SR B HEbghey to capture
NGhe GpPed dYanbteiliri AR, Isindido CRAINBYRSWEVEE, thid ie&IP W £h analog
oxygen saturation or pulse rate if a valid sensor is

nanetgerwiereas G ondon'y mefrigchasiuss s fevoisciste staess (e, wusrsidact, low

o PRifpbb R ATl KB B McleVBed | PR B RRIE nDhnsing prient
OfindludtdlaSBtiO8T FBlkrednt HuBO aMpHide es Hictgedb R Pl cdniplauda This

accordance wth the present invention, set forth )
apesias isised tosquiekly changedhe enseablecavomging Waghhwhew kpsge motion

L

wei'ght's "use
ofindidpRalisedshi@tof ¢l swrsaldsignaliqublityeherit &t amnglé pulys, which metric
froma_ pulse oxinmeter, as is generally indicated by,

blipHell Daamtaneion s ssrekoihenmstes, ohybrahenasivies dtpsibed above,

AsrpeEhet RN nseggg éﬁig}(%dﬁ&' 1R bbb ﬁﬁén}%@;%eﬁl motion artifact

aveér agl ng wei ased on one or
¢ gubyidustaind theothpwtaw ivefiemsisgpoesungd ad be yf better ioalitgithan a heavily
i ndi cators, hi_particular, in one egﬁodi ment, t

mepraretle prepecs wa e 1 Bnothpr etrig RSetin it paggIRlp-averaging
‘gﬁ%%}{t ind s 43850 Bf FBARLH: ?u@f‘: g&l‘f@d fage %rQ%e ulse period. This

hma. This netric 1S used to reduce e degree
ofmetris esiské tcaneduapha gnseinhie filteringainitbaeveap thabthe heart Iskips a beat,
arrhé} hm.c, as ense ie- aver a in?eev\orks | ess well for

sigH WP%OWWP XA E°®requency content .
Anot her net rygedi@eubYsRH @30 aBELI1H)Ss ANEEAhAChe Pulse

WeIllegnrt]itﬁcation and Qualification subsystem (204) has just completed evaluation of a
potential pulse, the subsystem updates ensemble-averaging weights, used by the
instances of the Ensemble Averaging subsystem. Separate weights are computed for
the two Ensemble Averaging instances whose outputs are used in computing
saturation and pulse rate. These weights are based in part on metrics provided by the
instance of the Pulse Identification and Qualification subsystem whose input
waveforms have not been ensemble averaged.

The equations for Sat_Ensemble_Averaging Filter Weight are as

follows:



i ncludes a neasure of the degree of variability of
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is sensitive to the presence of notion or other noise
sources. This netric is differknt fromthat of other
known t echni ques such as Conlon's, in that Conlon
teaches a netric that conpares the simlarity between
C YT SR SRR RDE SHhi-RkS; PHbeS @umgmi_%nﬁncems?wabl yfrom

t he same wavelength, but not thé simlarity between
two sinultaneous waveforns at different wavel engths.
Anot he X8tk Crekn @ide O4imsliRdsb, 190ysenbl eaver agi ng wei ght
includes a ratio of a current pulse anplitude to the

| ief-VaarraParedg@l it < 8.5 35 /teaxéD-050%) ong-t er m aver age
PUl» Pra8 Rl (Pl asevEel B 8 shd RORAYHIABE- b.6RY l(dn.9§_ 8.09);

response tine of perhaps & mThute when all pul ses are
qular_iMin gfillt_TéinBors Saev S 1 0 Sbauseer Prab: Bos®) pul ses are
ba,n! %‘n&%?&ﬂﬂér«%ﬁg‘jmlfgﬁ”ﬁej Ehba& (RoR P340 ShsddOFRRREUT ©
t he "degr ee~of tTon artitact, sinlar to Conlfon"s,
however, this metric is an anal o7 _Watker g8 * (1.0 +

b oy {c has just a few discrete states (e.qg.,
ﬁgﬁlésrg{?%écrst%’re? ow artifact, high artifact). Another

bt EusembledAvernging fiiter dfeighibinan@yioFasginhlg_M4weraging_Filter_Weight,
ich)udes a ratio of a current pulse anplitude to the
previous pul se anplitude. This nmetric is used to

qui.ckly c e, t he, ensepbl e- ragi ng wei ght when

| 2 e%’ﬂt&& ’8}‘3@9568@@@%%’%)/’%& op. Another netric

used to adj Ufe BBECERIadoRVREATINDdMRIIENEIgh6f 018 F6r 18w values of
measure of the overall signal quality nmetric for a

sithgyRatigraf-Batiosfariencase t5pty_ReR i Kainice and Budse r(BxqloRoRtVariance

sey Qt her .netr.l -1.n i n | CH-

S SU0R RB TS e ARG WA B SRR O o
ermsgsb Daal RoReVimign steads withitenqulifichttet orsefesiiciest thsehost recent
the input waveform.is ci}gesum&*d to be of better qualit

y
t pareawhishuwyquwd esvalyincdude tae Bsresr saaples. Bheweight 1s reduced
B | k- ' S . j wei ght
Y i KEES ok RO i B R B8 % 2" e
avemggFferpuPaBe pénp Rhtiothatswondd typically indieste nwtioadmtifact.
the ensenble filtering in the event that the heart )
sidrpsME_BEadVt fRr ! BapPsRhp PERMIER ¥alie AR Fl}%ﬁnéﬂnﬁfsrﬁyeragmg

. h t < .
G e
Qdeliet iof atrhythmsal WEhis isadong Deddus assejpbdd-awwagihgisddss effective for

I ' a. ' I h b d
:Mﬁ%@g&g{sﬁg}lﬁgk%%ﬁhgﬁg aioghre{gﬁtm?ﬂgsesrggeg\?e augoo%t es

Pulse_Qual Score, this can increase the maximum value of

Sat_Ensemble_Averaging Filter_Weight from 0.5 to 1.0.
The equations for Rate_Ensemble_Averaging Filter Weight are as

follows:

Arr_Prob = (Period_Var—0.07)/(0.20 — 0.07)

Arr_Min_Filt Wt_For_Rate=10.05+ 0.5 * bound(4rr_Prob, 0, 1.0)

x =max(RoR_Variance Based_Filt Wt, Arr_Min_Filt Wt For_Rate) * (1.0 +

Pulse_Qual_Score)

if Short_Term_Pulse_Amp_Ratio * Long Term_Pulse_ Amp_Ratio <1.0
x=x/ Short_Term_Pulse_Amp_Ratio



i nstances of the Ensenbl e Averagi ng subsystem
Separate weights are conputed for the two Ensenbl e
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conmputing saturation and pul se rate. These wei ghts are
based in part on netrics provi]d3ed by the instance of
the Pul se lIdentification and Qualification subsystem
whose i nput waveforns have not been ensenbl e averaged.
Thesgapatdong for Sat _Ensenbl e_Averagi ng_Fi t er _Véi ght

are as follows: x =m&x(Short RoR Va_ ance,
Pul se_QuaK *ﬂg@md\(/gz;l.paégégl_.?co e_"@ua;’iﬁed_Pulse_Period | Avg_Period, 1.0, 3.0)

Mekd- BRGmbR! MdPitirn EAIP IRaH: © mid(x01.0
RoR Var i anc‘é_Batgé%i“Fi [t W = g.n%(x* (? 05 / max(0.05, x)

0.03) 1 (0. oesS Gerbus aftel fomRphelBEL B 21C o5

0.5at *Erdembld( Avdrafing bFiltor_Veift as follows:

Sat _Ensenbl e _Averaging Filter i ght =max( RoR_ Vari ance .
e oA Rieshapds Ggt o FAPIRRE (AR Drl aisapqmenisy lgwes, because it is
Pul sg.. . " _1 ; - - bl : :
sat |Stg§{21r?]bt§§€§{\a‘) rlgg}c gu_SFeiSIntoe Pi \?\é)ls,%lﬁ?d: by ensemble averaging prior to
r ma( palke nedefichtien. Aver agi ng_Filter _ Weight, 1.0), where

bqQun b, d t ' ,b) . c) Th hoy:. .
NS fles G Tech deh- e Rgfip topiow 0 Gptehggmotion
val ugsiroh hﬁg‘ﬁl_stc@tbbiﬁétﬁf\v@ﬁl{ in‘éénsvtglﬁt' t%@ Ef®mble-averaging weight may

Short _RoR Variance and Pul se_Qual _RoR Variance are
bot hbe quipkiyenicreased. hisihae been fonnd empiricglly tabe beneficial for pulse

h - di 1Y.,. T i | f ] ]
bl S Guadgitepog ok gt 18t fatio b datiqh iferiis ahd Satratiop spmpptagion.

I @) eftthORet sKibhes BN wiliE6OREh I lpBiBr arvhhtRiiaMHe 18nger-than-average
usual I'y include the nost recent sanpl€s. The weight is
r eduQedlifigd_Fudse_Reriadbthatf reswdtsivodl ivereasgribeensembie-axerdging weight,

val ues_of Long Term Pul se Rat i o t hat uld .. .
! ypi S PR B PP Bl Badalibhe P dlafcasion.
Arr _M n_Fi | tin\§he SfecHatie étﬂ&ﬁﬁl%sav@ragiﬂgivﬁéight‘d @aBadbdehe
ensenbl e- aver agj ng wei ght (range 0.05 - 0.55) based

prdeteaminied ag desusibied gbores arewed for fiva senarate snserblejaypragers for

iogor creeésg}%?ﬁg%ﬁe\@&&a?gfr‘oﬁn%%squ Caldtfatifiy 8%h%éﬁ¥§foﬁ%ﬁg pulse
rate. The ensemble averager used for calculating oxygen saturation operates on a
signal which has been normalized, while the ensemble averager for the pulse rate
calculation operates on a signal which has not been normalized. A pulse oximeter
with separate ensemble averaging for oxygen saturation and heart rate is described in
a co-pending patent application assigned to the assignee herein, and titled: Pulse
Oxiemter with Separate Ensemble Averaging for Oxygen Saturation and Heart Rate,
Attorney Docket: TTC-009103-022700US, is hereby incorporated herein by
reference, in its entirety for all purposes. In that patent application, the metrics
chosen for the two paths through the two ensemble averagers can be varied to
optimize the ensemble averaging for oxygen saturation or pulse rate calculations. For
example, a lower threshold is used for a metric to detect arthythmic pulses when used

to calculate pulse rate, as compared to calculating oxygen saturation. Also, a metric

for a short term pulse amplitude ratio will be small when motion artifact has just



pul ses having dissimlar periods. If the nost recent
pul se recei ved a good Pul sej Qu alj Score, this can
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Sat _Ensenbl e_Averagi ng_Fi | ter_\/z\*éi ght from0.5 to 1.0.
The equations for

Rat e _Ensenbl e_Averaging Filter _Wight are as foll ows:
Arr_Prob =(Period Var - 0.07) / (0.20 - 0.07)

Ar sbhsMi Ghd thi¥ G’émB@feQVelgIQ Wséxrafe calculation than in the

bound(Arr Prob X = max( oR Va
areagBusaderation calwlatumr Mn Filt W _For_Rate) * (1.0 +

Pul sej Qu alj ﬁ%to if Short_ Term Pul se_ Amp _Ratio *
Long_Term P “Ratio < 1.0 x = x |

Short _Ter nI_IE’atb _Ratioif Avg Period> 0 x =x * bo

nd( Pul se_Qual Scor e*' Qualified Pulse Period |
AvgJPeri od, AvanPsrigy - Average pulse period reported by Pulse Rate Calculation

%‘E enbl e _Averaging_Filter_Wight = mn(x, 1.0)
'I?ﬁség glbations differ fromthe ones for

Sat _Ensenbl eLiweTagh Faulsei Hinpr Ribb gh}uaﬁﬁﬁéﬂh&tqmsse agyplitude
The threshol ds used to co npute Arr ob are sonewhat

| SREparedde hiptariq mulﬁesmva@stpﬁieabﬁrevndﬁéﬁy ah@ﬁysmmeetlﬁeﬂt@e@nd
q:}g‘f ?1 gg@f%ﬁ@%b?}{.sﬁgﬁﬁ taﬁﬁgﬂfﬁﬁé@ tﬁ’z[ﬂ 1 4i] afeotyﬁfélaﬁ§ indicative

ues
thftntotibﬁranmﬁuﬂ and Aasplt Ralomr Eyyentdd |Averapdng dlikert Waefghts

?Etel gﬂsg:'r‘to: § é’h 2%’ bt SVéﬁ?lﬁlﬂggrﬂﬁfém‘ﬁlcfgﬁ% @sﬁu se ﬂlentlﬁcation and
bgg'l a? f%jcin S-[mbfstaﬁs [}Q@&fb éaﬁg@ﬁle%ﬂ bfiﬁjﬂlﬁx %r instance, a

for” pul se qualification, but
r atalue-of 0 Ilawvowld ifiditate thiah Qleawdragadd&awnoo rbetymmlmbasacuuve pulse

c) Ifth h S .a beat, with or w thout prior
aMeH9 T isi Qﬁ?{é"g r?S‘QFl t han-average Qualified

Pul se_Peri go}, /i @ual S Varithdd - RIIEVePRMcé ARtric from the Pulse
ensenbl e- averaging Wei ghit, so as not to obscure th

s Kignidgatiermand Qualifiaatioe sehspisterpul se qual i f i cati on.
R
S eRAINAhe PRIRE Sdentific s AdaDsalifiehtion subsystem. Zero is extremely poor
and 1.0 is excellent.
Qualified_Pulse_Period - Most recent pulse period qualified by the
Pulse Identification and Qualification subsystem.
Short_Term_Pulse_Amp Ratio - Quantifies last pulse amplitude
compared to previous pulse amplitude.
Outputs
[0001] Frequency_Ratio - Ratio of Mean_IR_Frequency Content to
pulse rate.
LPF RoR Variance - Quantifies variability of ratio-of-ratios.
Computed over a 9-second window from LPF_Scaled_Waveforms.
Rate LPF Weight - Lowpass filter weight to be used by the instance of
the Ensemble Averaging subsystem that preprocesses waveforms used for pulse

qualification and pulse rate calculation.



processi ng a detected waveformfor use in cal cul ating
oxygen saturation and a pul se rate. The ensenbl e

war@sagmes used for cal cul ati ng oxygen sat ur at i BET/US2005/007406
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operates on a signal which has, been normalized, while
the ensenbl e averager for the 1p’iul se rate cal cul ation

operates on a signal which has not been nornalized. A
pul se oxineter with separate ensenbl e averagi ng for

oxygen sat Urggp 9Rffe heakdtifled eridbiligTThtid8Ardtids 2 Computed
co- pendi ng patént applicati on assignéd to the assigneé

hewver :9-secrhdtwintiew: frapy Seded W wigfosms wFohe:sepple.a ealue of 0.10

R Rl g e s 6015 4B ool GoRdpe yan ratic-

| REQARRAALRD AT Blchadd)of 6V ELSRRE Mrean fatiot SE1afibd VALY, for

all purposes. In that patent application, the netrics ]

chosen for t%ﬁmﬁnk]ﬂmi‘w&d%ﬁeﬁ_ Heighiobesestiepeeraging weight
b . I _

YSRGS o B PPl Ot PEURIRBHL prprocsss

C i axieforinis ABEd for pulsegasmpication ahdpslse tay @8hindttbn. s used
for a netric to detect arrhythmc pul ses when used to

cal cul ate pulsédilateighis Lovippes déer vteighiite e #eqdy the instance of
AR ASYLh oy 81

ardubfifiedtionaad pukt satbsaldgldtiorand this is given nore
wel ght in the Fulse rate cal cul ati.on than in the
oxygen sat urssgfednengfotma Peed easions of [Brand Red 5

I t ' - Average pul se period reported by
P%epr %@%ﬁef%’?@n subsystem Long_Term Pul se_Anp

_Ratio - QuaStorf ReR Vastnceul(entfigd variabdity ofiioexf-ratos.

hi storic. pul se anplitude. Provjd t he Pul se

I pqt?%g‘fqraﬁ-%ﬁ%gn@meow ’g%ﬁli‘%ﬁleega%wg’gm Val ues
subst ant i al Ipyedqddi 88kiablagn 1.0 are typically indicative
of notion artifact, and result in | owner

Ensenbl e_AvetragProd -Hiikeldhood vé pghythmiibet wouldimit the amount of

Peri od-vari abi | i tripc.f th ul se .

| GRRETTF BHBREa RS o F1oLd P Dy Bl pat e pseific o cach of
9aHERvE BRsemble MyveRicid FiYd-hWeahssbor i nstance, a val ue

of 0.10 wouldTindicaté that the average difference

bet ween conséeyMin il s &opdidre i Min G o ngr Pt i dinimum

values for the two Ensemble_Averaging Filter_Weights, based on their respective
Arr_Prob values.

LPF Scaled Waveforms - Lowpass-filtered version of
Scaled_Waveforms, used to compute LPF_RoR_Variance.

Mean_ IR _Frequency _Content - Estimate of mean frequency content
of the IR input waveform. Used to compute Frequency Ratio metric.

RoR_Variance_ Based _Filt Wt - Component for
Ensemble_Averaging Filter Weights based on RoR_Variance metrics and
Long Term_Pulse_Amp_Ratio.

Accordingly, as will be understood by those of skill in the art, the
present invention which is related to the selection of ensemble averaging weights,
may be embodied in other specific forms without departing from the essential

characteristics thereof. For example, while the present embodiments have been



Pul se_Qual RoR Variance - RoR Variance netric fromthe

Pul se Identification and Qualification subsystem
weioses@anl _Score - Score conputed by the pul SBCT/US2005/007406

qual i fication neural net in t;g Pul se Identification

and Qualification subsystem rois extrenely poor

and 1.0 is excellent. Qualified Pulse Period - Mst

recent pul se period qualified by the Pul se

I Qé‘s‘&hbéd mahé ﬁﬁleftﬂﬁlna@q' %‘éq{ubﬁ%ﬂbd%@d fiekoMS hiBqually relevant to the
Short _Term Pul se 1o - Quantifies |ast pul se

ampbodlmetsoxf rﬂmaméﬁbn(f ivientiar. ofvecopdingly, thegpregpige disclosure is

%tc{zg%a%%tﬁgt{v%q enc ih@?%ﬁ% SF gﬂegastrcgf e(?tf the invention, which is set
LE’d{»ﬂﬁthé/fyno@m@clam@ant ifies variability of

rati o-of -rati os. Conputed over a 9-second w ndow from
LPF _Scal ed_Wavefornms. Rate LPF Wi ght- Lowpass filter
wei ght to be used by the instance of the Ensenbl e
Aver agi ng subsystem that preprocesses waveforns used
for pulse qualification and pul se rate

cal cul ation. RoR Variance - Quantifies variability of
ratio-of -ratios. Conputed over a 9-second w ndow from
Scal ed_\Waveforns. For exanple, a value of 0.10 would

i ndi cate that sanple-to-sanple ratio-of-ratios val ues
differ fromthe nean ratioof- ratios value by an
average of 10%f the nean ratio-of-ratios val ue.

Sat _Ensenbl e_Averagi ng_Fil ter Wi ght -
Ensenbl e- averagi ng wei ght to be used by the instance
of the Ensenbl e Averagi ng subsystem that preprocesses
wavef ornms used for pulse qualification and pul se rate
cal cul ation. Sat_ LPF_Weight - Lowpass filter weight to
be used by the instance of the Ensenble Averagi ng
subsystem t hat preprocesses wavefornms used for pul se
qual i fication and pul se rate cal cul ati on.

Scal ed_Waveforns - Scal ed versions of IR and Red



Pre_Processed_Waveforns. Short_ RoR Variance -
Quantifies variability of ratio-of-ratios. Conputed

W@ r®5/087035 second wi ndow from Scal ed_Wavef or nms. PCTIUS2008007406
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Vari ables ArrJProb - Likelihood of arrhythm a that

woul d linmit the amount of ensehbl e averaging. Based on
Period Var, with threshold that are specific to each
of the two Ensenbl e Averagi ng_Filter_ Wights.

NWLMT‘IEHJF%%@%:—RM e, A\r Mn Filt W _ For_ Sat -
Ml or the two

Ensenbl e_Averagi ng Filter Wi ghts, based on their
respective ArrJPrémeflzddefsnsérible Sveadaging\stgnelsan apulse oximeter,
Lowpass:-filtered version of Scal ed_Waveforms, used to
cSPEMEPE RoR Vari ance. Mean_| R Frequency j Content -
Estimate of QEAMAnkTRAURA Qé’coﬁe%le‘%ﬁbmg%éﬁ% rhdRatidiPéiEnals from a
waveform Used to conpute Frequency_Ratio netric.
RafoodparfasedtiBas pdrtiphicprresgondingdmpwa differérdrwavelengths of light;
Ensenbl e_Averagi.ngJFilter I ghts.based.on . .
ROR Var | anc TP TR2E SSHFTRR 0] He ATeL MOLARGssid plegiromagneti
Ageaat ngly, as will be understood by those of skill

inthe art, the present invention which is related to

t he sel ecti oslestingywsishisi fer ary ensagblapvredeghusing srg agsessment of
e ' | her specific forns w thout departing

f g%%q{ ﬁlgaﬂégsaglﬁt ial characteristics thereof. For

exanpl e, Whidngerhble apéragiap said detoRphdichigils using said ensemble
beendescri bed in the tine-domain, frequency-based

neVHEES- are equal ly rel evant to the enbodi ments of the
present invention. Accordingly, the foregoing
di sclosure is intaRdadnd opﬁai'nll h Yileredh kM@ \%ﬁﬁinggﬁ assessment of
limting, of the scope of the Invention, Ich Ts set

f caidrsigmal gimdity odhprises gbtimngs makiFe bStheldepieDf hthythmid\of said
nmet hod of ensenbl e averaging signals in a pul se

oXt&Méter, conprising: receiving first and second

el ectromagnetic radiation signals froma

3. The method of claim 2 wherein said obtaining an assessment of

said signal quality further comprises obtaining a measure of the degree of similarity or

correlation between said first and second electromagnetic radiation signals.

4. The method of claim 1 wherein said obtaining an assessment of
said signal quality comprises obtaining a measure of the degree of motion artifact

present in said signals.

5. The method of claim 4 wherein said obtaining a measure of the
degree of motion artifact comprises obtaining a ratio of a current pulse amplitude to

the long-term average pulse amplitude of said signals.

6. The method of claim 1 wherein said obtaining an assessment of
said signal quality comprises obtaining a ratio of a current pulse amplitude to the

previous pulse amplitude of said signal.



bl ood perfused tissue portion corresponding to two
di fferent wavel engths of |ight; obtaining an

waswessient of the signal quality of said PCT/US2005/007406
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el ectromagnetic signals; selecting weights for an

ensenbl e averager using said aksessment of si gna

guality; and ensenbl e averagi ng said el ectromagnetic

signal s using said ensenble averager. 2. The nethod of
claim1 whergin SpiddneRb@bléiBith RWRAIR STl ggﬁh%essment of
signal quality conprises obtaining a neasure o

dsgldmnal qeality yompnsescwbtaslangiamegmle s»f ti. de*g'hﬁ afthdockrai signal

SieBAD wtiaF o it meReoEs PRLR s RER ARG Cineflen fpeyeral oter

ofmdthes. degree of simlarity or correlation between

said first and second el ectromagnetic radiation

signals. 4. The nethod of claim1 wherein said

obt ai ning arb-assebwmehodet dainy1 avhgrain sajd abtainjng an assessment of

Eqﬂfsg%}%fglgegfstgn plgseg é)l ﬁﬁh’ grzﬁ{o 3% u%ie%{ ﬁlglﬁ]% tt'oq@hat of an
Claﬁelﬁgélpwlbep&ﬁddsﬂatﬂsi@iawm ng a neasure of the degr ee
of notion artifact conprises obtaining a ratio of a

current pul se anplii tu o.the |o term aver age puI se
arrpl i tude of-saj dT@lIﬁ?FgP‘iOf‘éalmrh i, 71d §¢legting Wyights

?h@essﬁhﬂm%bat ifiof b A 5w Bﬁ&ﬁar%et%f’s' s@le%’ceg%nil the group

qual Tty conpri’ses obtalning a rat a current pu

am‘phsmtmgeoﬁameetmremfethe degsoqef hytnpiaiof said s(g‘nalsab. l.’heasure of the
naI g L]a[nrrethod of claiml reln sai d, Qbt ai ni ng .
degies o€ simuliritnpr cTelption ERSREN ffﬁt P e ectromagnetic

0

s?%‘ﬁ%ff“m%@?ﬁﬁ?ﬁe?fﬁ%%ﬁ%?ﬁ% o Beining a rato of a

[ smﬁ@dsemwmmﬂh@hngﬂemr@e p@tﬂd@@mpiﬁmda afsaidSignals, a

hod of c| d o
T et lla? el R Gmr ey et seid sgpat. and a
a ritd) 60 Qfrreht plllsé pEoddtBR 0P 8 hedtagOpl1fPperRid AFRaid signals.

10. A device for ensemble averaging signals in a pulse oximeter,
comprising:

means for receiving first and second electromagnetic radiation signals
from a blood perfused tissue portion corresponding to two different wavelengths of
light;

means for obtaining an assessment of the signal quality of said
electromagnetic signals;

means for selecting weights for an ensemble averager using said

assessment of signal quality; and

an ensemble averager for ensemble averaging said electromagnetic

signals using said weights.

11.  The device of claim 10 wherein said means for obtaining an
assessment of said signal quality are configured for obtaining a measure of the degree

of arrhythmia of said signals.



average pul se period of said signals. 9. The nethod of
claim1l wherein said selecting weights conprises

WO 200508198 conbi nati on of one or nore paranet ePGI/US2005/007406
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selected fromthe group consisting of a nmeasure of the
degree of arrhythm a of said snbnals, a nmeasure of the
degree of simlarity or correlation between said first
and second el ectronagnetic radiation signals, a

nmeasure of tfe deﬂ{ee@evfge o@‘@faﬁrﬁ"ll%(? dér&ﬁ%&ld ﬁﬁﬁotf&] dHtfiffing an

aratio of a current pulse anplitu ng-term
a\asseagnem lmtf sadargmlal quadiey ot fiathed configaed for@btmung aaiicagure of the

cuyrent I|t de to, the i ous uIs )
- ffsERee g Lol alfiian DeepRSAI T bk Segond plpetimagnetic
pqgcﬁgtlcgpglg@éjsto that of an average puI se period of
said signals. 10. A device for ensenbl e averaging

signals in a pulse oximeter, conprising: means for

recei ving filBst ab dewiceod clajre dPvdreaeinstidaneandifertabtaining an

c sPRRuahal R sl Rl el PR B RO Bpmsppygior the degres

mmtfoﬁran@labtgireédnginagai@simnent_ of the signal
qual ity of said electromagnetic signals; neans for
sel ecting m5|ghts for an ensenbl e averager using said

assessment of s gThﬂdedL?ﬁloifﬁlﬁlm&H&V%ﬂ@ﬁ%@ﬁ%?a@S Rreabizaipg an

e RaT e T R B0 SR REPARRKAE (T Poumont pulse

saintplibeiere theolongldrai averagegnlsa sapditdendf saikl sigiath. si gnal
quality are configured for obt ai ni ng a neasure of the

degree of arrhyt a, of s s..12.. The devi

o oS oy n Bieteies o cloirg, 10 3ok faig PknS Tor obaifing an
a3SRISNER bf $id 38N GlalfiPdre B kY Y %bfaﬂ’ﬁﬁ@ &'ratio of a current pulse
configured for obtaining a neasure of degree of

siamiplifirdetty therprevionspelsd mnplhtedwwfmldsamhlfl rst and
second el ectromagnetic radiation signals. 13. The

device of cl 1B m %evg%\ellrc% 'of cfth (?O ierem fsa%a rrtlje%tngJl %or o%gammg an
assessment of said signal quality are configured for obtaining a measure of the degree
of the overall signal quality metric for a single pulse, which metric is itself a

combination of several other metrics.

17.  The device of claim 10 wherein said means for obtaining an
assessment of said signal quality are configured for obtaining a ratio of a current pulse

period to that of an average pulse period of said signals.



assessnent of said signal quality are configured for
obt ai ning a neasure of the degree of notion artifact
w@e@smesntoi n said signals. 14. The device of clBCHUIMO5/007406
wherei n said neans for obtaining an assessnent of said
signal quality are configured5¥br obtaining a ratio of
a current pulse anplitude to the | ong-term average
pul se anplitude of said signals. 15. The device of
claim10 wheggein ’Hﬁ'dévﬁ%%?élafrﬁrlo%?élﬂbﬁg nfdns for selecting
assessnment of said signal quality are conflgureJ F
olweaghts ang canfigured farfformingrrcentbimtion of anpdi momepetrmneuas selected
pr.evi ul se applitude of s d.s
G e Grdih s TR phimeesire 875 RiE B i dbed i sait sguals. o

a$5RsHERR the¥eghRi of sihildth oﬁb@&élatyorﬁse@we&maﬁcgﬂfs%d fcond
obt ai ning a neasure of the degree of the overal

5 |egqqﬁbmqmﬂtnctr9d1amrr signdlera raeaesuwgif éhmdﬁ%eﬁ of\motmﬂ artifact by

i nat of ev her, metrics 7.
bl o ety I el Bss ap AL B e el pherile pide
l@ir?ﬂhﬂidé@)f 8aid 3maRs A Bdtio dI'fa o%ﬁ'eﬂt SuilgnahplEu@d ol the Bfefious pulse
red for obtalnlng a ratio of a current pul se
p@mpélg-ldle@f stigdsigapl, and aveiorfe purestpHes patpddp thagiof an average
ce of claim10 wherein said neans
%ﬂ@ ?n&$°f£mf$g&%'s are configured for formng a
conblnatlon of one or nore paraneters selected from
the group consisting of a neasure of the degree of
arrhythm a of said signals, a neasure of the degree of
simlarity or correlation between said first and
second el ectronagnetic radi ation signals, a nmeasure of
the degree of notion artifact by obtaining a ratio of
a current pulse anplitude to the | ong-term average
pul se anplitude of said signals, a ratio of a current
pul se anplitude to the previous pul se anplitude of
said signal, and a ratio of a current pulse period to
that of an average pul se period of said signals.




