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PULSE OXI METERW TH SEPARATEENSEMBLEAVERAG NG FOR
OXYGENSATURATI ONANDHEART RATE BACKGROUND OF THE

wO DERET0GN The present invention relates to oxPOEUS2085/007388

and in particular to ensenble averagi ng of pulses in a
detected waveform from a pul se oxi neter. Pul se
oximetry is typically used to neasure various bl ood
chem stry characteristics including, but not limted
to, the bl ood-oxygen saturation of henoglobin in

PU]?SE?@)HWTPN WITH SEPARA'PE\@N&EMWAVERA%ING

pul sati ons supplying t tissue, and the rate of bl oo

pul sat i PR OXESENEBATURATIONKAND IHEART RATE
patient. Measurenent of these characteristics has been

acconpl i shed by BASSK GROUNOOF TMEINWEISEIRO  whi ch
scatters light through a portion of the patient's

ti ssubheprssent iiresntiopesldtesiopximeters; ang jia pagirglar to ensemble
hot oel ect r,i cal | i i ght i
Bioeierts SCpLSTh 2 sRBAT Ry bR AP SBLsERBhetkt 221 oo

wavel engths is then used to calculate the a(rimtlnt. of
§

bl oodPelsp eximegaris tymigally usehiogpeagurerigons Bieed shepisity ed

t.hro . ' | - : i .
GRS B B o SSEAS  yb Bbgne pie
AREbbin & ar ekl thidddy theofolunieoBindivituabblobé pulshtpws supplying the
constituent present in fhe blood. The anpynt of .
EHRg bRt pOOL BHFHIONE QORPPBIGRE o AP nsaiieay pf § patient
A AU SaRA s SO AR e
sdnsaryhich scatteos light dlsongngpdrtion of theyngtientlsdisege where plood

sensors have typicall.y be rovided with 4 ghi .
Sehiestherars e phfpeloriijoRam e hdlidane e sugh tssue.
THO bl I raidht ¥Bsoedeaneiisous anFelahfihs patOdidac calctlate the
sensitive to both of those wavel engths, in accordance
snomtiof dlepd conbiifuguidsinggreassi@dur i ng bl ood oxygen
saturation. Known non-invasive sensors include devices
that anelighrdsareted thraughoht tissuedf sdldvtediode, ofone br awra

fi ngler, an ear or the scalp. I.n animls and humans

wheslengButhabarerahsarBeduiiic Hrad i848 AMOUBkTEPTRSARY G 9 the amount
o r S .

B A Pyt Tt sapasina

edatiuied tAAEh tiectispt eill vary e peorduaice with the changing amount of

blood constituent in the tissue and the related light absorption. For measuring blood

oxygen level, such sensors have typically been provided with a light source that is
adapted to generate light of at least two different wavelengths, and with
photodetectors sensitive to both of those wavelengths, in accordance with known

techniques for measuring blood oxygen saturation.

Known non-invasive sensors include devices that are secured to a portion of
the body, such as a finger, an ear or the scalp. In animals and humans, the tissue of
these body portions is perfused with blood and the tissue surface is readily accessible

to the sensor.
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pul ses based on pul se history of the size of pul ses,
pul se shape, expected tine to occur (frequency) and

wo a005081p4 Rl JR. I n particular, the N-100 foundP@IiUSHe5/007388

by |l ooking for a signal nmaxd num followed by a point

of maxi mum negative slope, then a m ninmum The

processi ng was done in a state machine referred to as
“munch. " Each nmaxi num was not qualified until the

Si gnaly. s SeR W?b@%cﬁn@l‘agys%a%lé%&%luﬂd 1983 %E&ﬂe&&@j%cted

a noise gate. This acted as an adaptive filter since

ptﬂsesmasedsotglaﬂsa history ofiths sizetof pylsés pulsasharfe; expegted time to ocour
ubse ing step to adapt to different

B?Ré( a’% %ﬁ‘g ‘i tudes. The pul ses are then
accepted or rejected in a "Level 3" process which was a

filtem plmﬁl@ﬂaraﬂwaﬁ{ 409 Sownknrdses pydpejrng sornysigralpraxipEm,
t
B ok R L i LA B A A Bgsine

Whs A6aetin aldte Afackinaesfeped ®Reast"omineR."nBach mbxivainuesas not a
history huffer, then determ nin t.he glfference IS

qwethrﬁ.eﬁ ugtikbapicaalRassqdehalow a|m1ﬁeﬁléreﬂwﬂﬁa d,fg @s a noise gate.
@ %9[1689 ?ﬁag@i'v@ ALY fllHUEf, {h$ nomgz;&éq 01 §chsWet By feléﬁback from a

WS new pu process acte as
aﬂbsaqimnt pmeesbmgdtmste aflapttte difidreidt expedted signalqueplidydeandhe

bandw dt h (confi dence | t bej dapt b .
@w@a%wen@sqﬁmweoraa?wbrﬂaﬁiﬁ%e?#'“ﬁp&s%‘%@%w%s a fitgr which

aﬁ%ﬁc? gﬁ}m s B% Bolhy éxfi)xggn gie:hﬁfgi)llil‘g%deegﬁ%ﬁc:% %hlﬁil Eagrolof-ratlos
Q;% of anew

(lfhtuao bE R&DtcellRs m‘ducm@bbndﬂﬂ?equg expirossed os & vatineoisAEdo

SR R b0 A, e RRRHGE i

(V'lthfne({ écﬁﬁid@ﬁ&t 1véls Ifthe el puleUsdt RSepted, hBXBRtory bufftewas
whi ch conputed the nmean of a varyi n%P nunber of si gnal

spdatedewith THeavalpes (.fQIl the mewrpulssr i Thgdevald pracpsspcigsps an adaptive
BRIt RRLcARReGReA e b AR Gh BRI (i being

wipted BY fesdtsek floyn fheedinas of fireofilte. subsequent
processing step according to the filtered heart rate.

New S ¢ STIRS- 2@\’5 ? d'o'ﬁttﬁe (psqm& c$ﬁlhtb%rs¥né’l4(i‘il)\ll)lli§ed

sanples "a r opped e boxcar | eng
wsthtaﬁdii:(ﬁ cergleticlteddeC Gafilltareige (Rhe I\MﬁQ lalse atlfiekmitespalation to

Y TR IR A ——

minimum. The N-200 included other filtering features as well, such as a "boxcar"

filter which computed the mean of a varying number of signal samples.

The N-200, after various filtering and scaling steps, applies the digitized
signals to a "boxcar" filter, which computes the mean of N samples, where N is set by
feedback from a subsequent processing step according to the filtered heart rate. New
samples are averaged into the boxcar filter, while the oldest samples are dropped. The
boxcar length (N) is used to set three parameters: a pulse threshold, absolute
minimum pulse and small pulse. An ensemble-averaging (a.k.a "slider") filter then
produces a weighted average of the new samples and the previous ensemble-averaged
sample from one pulse-period earlier. The samples are then passed to a "munch" state

machine and a noise gate, like the N-100. An interpolation feature is added to the N-
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produces a wei ghted average of the new sanples and the
previ ous ensenbl e- averaged sanple from one

w@eiosespesi od earlier. The sanples are then paBSEUS1005/607388

"munch” state machine and & noise gate, |ike the

N-100. An interpolation feature is added to the N100
process, to conpensate for changes in the baseline

| evel . Since the m ni num and maxi num occur at

£ d HBE&R! tolcdoifpensate fob BRALBIINRASEAJTRe TRXL. Sike BfRtEmBfimum and
decr ease the ni mum and not the maxi num or

wiagimune osaur at Sfifcea Limes\aenhagging basedingnmayninerpasd ondecrease the
of .C-Lock ich is NELLCOR s trademark for the
PrijEmay ang nof e maxipum, oESCEYSEAom nul ti pl e pul ses

together to forma conposite pulse. This process is

al so Kesemblsaverginy” e anjintesiel padoddrd@ck, which ésVELEEQR’s

Y " t 1o k .

e BRE Rl BRboidr R Eghl Sorlb 3l ot niBlle BleSfoeether o form
avenpesitePutdes Mhishrdéeas Brlsoiioghtas “@arliasgatedaveraging.” It
different pul ses and a conposite, averaged pul se
RavBe? ritigger] suentite magh g switofsaghyBRIsat ur ati on. The

N- 100 descri bed above is described in US Patent No.

4, 802C48n US PatentNa 4,906 28d2e b ses ensbasie avaraging wiisre
Parent No. 4,911,167 ennman) andNo. 5,078, 136
(Bl Yo 8 7 SRR CRISHEPPR/ERTY GRPPRE i ECeipged pulse
{aV&BEh Wuded t61b4180h8xignt ARiratRM. Ofhd NI 0DeRBEM above is
ensenbl e averagers for &réscessn ng a detected waveform

flescribedeini WS PatenuNat4, B2 Jenegiapfiiizg NoiP Oz descpiipd én US

te...Th n e _avera al gul ati ng
g%§ﬁ%ﬁ°§§2ﬁ%§ﬁﬁg%r'EgP;F%§&8%§§ﬂ§F§§§%D§§kch has been
normal i zed, while the ensenbl e averager for the pulse
rate cal cul ati on operates on a signal which has not

been normali ze { espondi ng
to both wavel e%&%%@?%ﬁ%@ﬁ?& same

quant Thy presértinddtibh & difdcfed ks theapldfttwd @epaate @asdnible
preserve the ratio-of-ratios for oxygen satuyration .
evipgArRior precesyae deedrd wanstopmforiSeHB GRICRIGHRR PR ySRY hration
R A e T bR
phaatep by aisignabwhizh hpsibeca nprsalided ashite theoemsamblef avetager for the

The use qQf a.signal w thout nqrnmlization for the
ilbe s sl B SRTaenin SRLL NPT eS8 g npEaERd. Note that
RRWRICEARsicBResponding to both wavelengths must be normalized by the same

quantity, such as the IR pulse amplitude, so as to preserve the ratio-of-ratios for

oxygen saturation computation.

The use of a signal without normalization for the pulse rate improves the
software's ability to disqualify artifacts that are substantially larger than physiological
pulses, such as motion artifact. The use of a signal without normalization for the

pulse rate avoids a pulse being missed due to normalization.

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 arrhythmic

pulses when used to calculate pulse rate, as compared to calculating oxygen
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The netrics chosen for the two paths through the two
ensenbl e averagers can be varied to optim ze the

we@p®enkiloed aver agi ng for oxygen saturati on or pedBHESI085/6)7388

cal cul ations. For exanple, & |ower threshold is used

for a netric to detect arrhythm c pul ses when used to
cal cul ate pulse rate, as conpared to cal cul ating
oxygensaturation. Also, a nmetric for a short term
Sal38oR"R]sb! H8iricabi Ostird ternR HuiBBnip RS YaflB Wil be small when
artifact has just subsided, and this is given nore

metigh artifect hhsjupisubsidedanrd this isugiven mare Weight i thepulse rate

SalcitonciBen oo SRl s e SRl Rl T P rpptiuce
RibSEc@ta pliles ehplifeit FhrePlo®CPURE bili@kdeTHE DRAW NGS

Fig. 1 is a block diagramof an oxinetry system

i ncorporating an enbodi nrent of the invention. Fig. 2

is a diagram of the software processing bl ocks of an

oxi met er i ncl BRIFKPDBSCRIPTIOINEDF THE DReA WINGSNt

invention. Fig. 3 is a diagram show ng the creation_of,.

a conpigsilisa b@nﬂs diagrayof ap Qimgtry §ystemJpeqrperating apsmpodiment
gﬁﬁﬁﬁgkﬂg performance. Figs. 5-7 are diagrans of state

Fachi Nes T or updating certain variables in a conposite

pul se_buffer.. DETAI CRI PTI ON.OF, THE | NVENTI ON . .
Fig. D& Plits (iogRBLOGE STBOAF REACSURE BIPohsP PymEyT iagpding
LDERAbA@RRNE HOhE hRsdf 8RAkod. NVention. A sensor 10

I ncludes red and infrared LEDs and a phot odet ector.

These_are.connected by a.cable 120 4. LED
dri veﬂﬁ]ﬁr‘%ﬁ 1am&8\y¥%@e8§ea nféﬁcaﬁ}p\%gﬁ%ﬁ%lé?.f ace

16. The received photocurrent fromthe sensor is

provi Higd 4tiva ghary Of%h?v ensemblecay eraging R fonmagset red

vol tages are then provided to a signa-delta interface
20 i nBigsphi7ake diggratme of statanicliineseot ipdatingfvertaintvaunbles in a
signaidelia interface 20 is provided to a
RYEPRUEAUSSINERT. 22 whi ch includes a 10-bit A/D
converter. Controller 22 includes flash nenory for a
program and EEPROM nenory for data. The processor

flach menor PEEiEH bESRE Y G 1B BRTERTIGR, ..,
i nter req iBikilals 3n ShBblidhent 8F bR bRy dyStehiRicopofinglhe

is
present invention. A sensor 10 includes red and infrared LEDs and a photodetector.

These are connected by a cable 12 to a board 14. LED drive current is provided by an
LED drive interface 16. The received photocurrent from the sensor is provided to an
I-V interface 18. The IR and red voltages are then provided to a sigma-delta interface
20 incorporating the present invention. The output of sigma-delta interface 20 is
provided to a microcontroller 22 which includes a 10-bit A/D converter. Controller
22 includes flash memory for a program, and EEPROM memory for data. The
processor also includes a controller chip 24 connected to a flash memory 26. Finally,
a clock 28 is used and an interface 30 to a digital calibration in the sensor 10 is
provided. A separate host 32 receives the processed information, as well as receiving

an analog signal on a line 34 for providing an analog display.
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provi ded. A separate host 32 receives the processed
information, as well as receiving an anal og signal on

w@2005087034 for providing an anal og di spl ay. DesP@ruS2005/007388

Summary The design of the present invention is
intended to deal with unwanted noise. Signal netrics
are neasured and used to determne filter weighting.
Signal netrics are things that indicate if a pulse is

i kel odopk i AP
B
imwartededsd. | Jignad nietaestarpuicssyed aidsused indstemnine fiter weighting.

I tech d
Sl it o e e RgiRGrice Buist R DLy erhisRisranh gy noise,
SRY of 8Bl Sshe ¢St i@ tRAWEREE o4 hithAd Réeivate§, diape €8 iBdhdped like a
variations, such as the use of two ensenbl e averager s

h@rmw»ebmse.trm ks, gk siguler tachuigne wemusedan 2he Neeon

t ol
SR BreRpaB B oSl T T i, Qdds%&%ﬂﬁ& of
piffesdt faatiges mﬂli ehiatioss, sehoisithedkesd pas aiseinyblb el eragers as
xygen Saturation Cal culation. A Si gnal Conditi oning
Clal?’l*?éllalt@??rleieé‘élmrvé’éltw&hd ER signals are received and
are conditioned in this block by (1) taking the 1st
der i vBetaile of megﬂﬂﬁmd:tdredre blasvel inrthe diagfaty of Pig. I20vT Imé@ign

filteri th fixe eff |ent d di vj
calpisios b theopyieed StvEB R 45 BlorRlE pich Pl

SipdRadly GeRdi t i oni ng subsystemis to enphasize the

hi"gher frequenm es that occur in the human

pl et h and t 1atlt nuate | ow frequencies in

whi ch ally concentrated. The

Si gnal Condi tioni ng subsystemselects its filter

coef f Aumgmm@m@g - e degitizrgiay anhBe sl swlsiae a%aW@d and are

C h o aocr}e?i in Iﬁflé @%(z;ﬁegy Flg ééﬂlﬁg th%arsjc &‘é}n}aﬁ{lé f&%éﬁ?& S ¥kseline shift,

EZ)QOW ﬁ)@gseﬁlﬁdi‘ﬂlgrvﬁdl ftedl dBEffRn@mlaﬁd B) leuﬂmg by a DC value to
Identification and Qualifica The | ow §ass

preserae e ratiey Thedprativtf lg{%%%]qndg}ogm sHbgyenipin graphasize
gﬂe?‘ ﬁ%hﬁ’éﬂ&ﬁ% e S6&R ik M1h i etﬁ%o%ﬁ’@f)h f¥d taBnaste low

?lke y arteri pul ses. one
firequencizs neWhra:hlmqﬂonraemfwtrlk uswﬁd copcqniraicds |T1ye Signal Gonditioning

p&yé%ﬁslp aia éts Ii{tﬁﬁﬁ%lilésgntls ?w1de %? tnlaufrlovs %al?c\{) ga)t(s%H] 091 hr;]ltc‘hware

characteristics identified during initialization.

Inputs - digitized red and IR signals
Outputs - Pre-processed red and IR signals

B. Pulse Identification and Qualification - The low pass filtered and digitized

red and IR signals are provided to this block to identify pulses, and qualify them as
likely arterial pulses. This is done using a pre-trained neural network, and is primarily
done on the IR signal. The pulse is identified by examining its amplitude, shape and
frequency, just as was done in the Nellcor N-100. An input to thisA block is the
average pulse period from block D. This function is similar to the N-100, which
changed the upfront qualification using the pulse rate. The output indicates the degree
of arrhythmia and individual pulse quality.



10

15

20

25

frequency,just as was done in the Nellcor N-100. An
input to this block is the average pul se period from

whbk®sks™4 This function is simlar to the N 108CT/Ak100$1007388

changed the upfront qualification using the pulse
rate. The output indicates the degree of arrhythm a
and i ndividual pulse quality.Inputs - (1)
Pre-processed red and IR signals, (2) Ave. pulse

peri odmpuf)- (LPPRASSMEERE an® IR sighalk,(2) Asw. palssperiod, (3)
filter. Qutputs - é@ Degree of arrhythma, (2) pulse
owppass Memsmn@ 10W3’P551ﬁ1€ﬁf-\/| dual pul se quality,

(4) Pul se beep notification, (5) qualified pul se
per i odeugits a@% Degree G ﬁﬁhj‘zthmﬁl @gjul@uealplitydd/etnidtions,-(3)

This bl ock determ nes the pul e sha ative
sl P GRALIHARISS PGpp DRRGHIOR) ALIGRedmdes periods and
%/%%rlablllty, Ratio of Ratios variability, and
équency content relative to pulse rate. Inputs - (1)

arr bt oA oS RG s 150 PR el e g stope

doid Balt§, R fR
(YA oA ROt Ay A BRI 10 BT Rt of o

earbithy cand\ismqueiaygontent @iatmg igpulse rafe2) netrics for
sensor off detector, (3) Normalized Pre-processed

wavef ofiguis (@) i@ dRied FTdAR simald(2)Aegragef #ilyslenia,
Peri ods. This bl ock cal cul ates the average pul se

individienl priservalityulsscsnnieds; wagation () prespro aflired apd IR
Qutputs - A I d.

BURAE (BERRAR A 8 O DT avermging - Bl ook B

concl T b St R YRR sRE 0 i o

LAl o £ ol P o,

SRETENTE RN ST W -

ﬁ%ﬁ{thgpglsgyeéavé@te and its harnonics), wth the
ensenbl e averaging filter weights al so determ ned by

Signal Metrigs. b is assigned if the
sifgnal In “tTTéﬁﬁlétlae%g%ulsoeé)ng%s:acﬁﬁe%re wei ght is assigned
i f the

Outputs - Average pulse period.

El. Lowpass Filter and Ensemble Averaging - Block E1 low pass filters and
ensemble averages the signal conditioned by block A, and normalized by block C, for
the pulse rate identification. The weights for the low pass filter are determined by the
Signal Metrics block C. The signal is also ensemble averaged (this attenuates
frequencies other than those of interest near the pulse rate and its harmonics), with the
ensemble averaging filter weights also determined by Signal Metrics block C. Less
weight is assigned 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
arthythmia. Red and IR are processed separately, but with the same filtering weights.
The filtering is delayed approximately one second to allow the signal metrics to be

calculated first.
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signal is flagged as arrhythm c because
ensenbl e-averaging i s not appropriate during

wa@eoobystd a. Red and | R are processed separ at ePgT/UR20D5/007388

with the same filtering weights. The filtering is
del ayed approxi mately one second to allow the signa
metrics to be calculated first.The filters use
continuously variable weights. If sanples are not to

be ensrafilters avesagiatousthedmiablecwsightehIflsagiplesraré fist to be
previous filtered sanples is set to zefo in th

ssehlecareragsd dben thy nepighims denibe argyiqvs Hiegedsgamplles is set to zero
t

BE SRR LA, 600 Byl 5 B loc 0 Bt e

This ivlozk traekspmaage of the sigaald tHe hw;amuila’uecbamomﬁsxf m‘xy)annmmm of

TR TR ML R LT v T
1655 ﬁ&?ﬁf&ﬁd@ﬁéw&@&%l%}gnals (2) average pul se

erio ow pass filter weights and ensenbl e

CG, t
et ol ) oAb ianbihs G WL AR Pl O gromase puse
f()ér%cmg @’)Slowﬁ?d&some? weidhld add drls @R avedgiagdileRvweigdital(d) ECG

€. F. Estimate Filtered Waveform Correl ati on and

Cigzersl efta@aﬂabéer £9i Rofwrdanagmial, for pere-cressingdrigasse metric
simlar to that used in the N OOand N200 descri bed
above, Quitgutslogl filferedsed b Dbsigials, [R)pagear i abl e

wei ghting for the filter is controlled by the

ratio OfESﬁﬁlEl{e‘ﬁlté@& A % m (6 i 5Gnd Caldufthts Averaging Weight -

variapl eswergnt f1itering rs that the ratlo-ofrati os
&i’nm@ea nsise\mhgtn‘aﬁnﬂllat toftha:ttuseahurthai\ﬁﬁo and N2h@rgasibed above,

K B e e o2l B B A Bt B o
f‘a@i%—cﬁﬁljaﬁi)scv;ﬁ’fangb Sﬁfeoafé%t of tAR VeAEKIBlyAgR filfering SEGAN R ratio-of-

I'n Normal Mbde, hi Fast Modde, the m nimum werghting of
tehtios changemslowiy aﬁeartlﬁlct:llnpq@p@a and changegieiekly @y rtifagij decreases.

h ds, ht, i d
The Fipsyiteidios So bk it TiPERaIP % SR M08  an 0se
AfefHiPofH SRoN® dite tarbet@e 05 S ohds IMESTRAl Mddep ti Bast Nibie, the
filtered red and IR signals and aggéaﬁ callbratlon

oveiffung eighsing pBthe :cugmirvgblen@@ﬂ@p@ gletln pHlarywords, a
it SR AR AR e

prks€it] @aiderhidh weigha if ml @ivelis presstitt h t he

.

Inputs - (1) filtered red and IR signals and age, (2) calibration coefficients,

(3) response mode (user speed settings).
Outputs - averaging weight for ratio-of-ratios calculation.

H. Calculate Saturation - Saturation is calculated using an algorithm with the

calibration coefficients and averaged ratio of ratios.
Inputs - (1) Averaged Ratio-of-Ratios, (2) calibration coefficients.
Outputs - Saturation.

II. Pulse Rate Calculation.
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calibration coefficients and averaged ratio of ratios.
I nputs - (1) Averaged Ratio-of-Ratios, (2) calibration

w@ombogwpent s. Qutputs - Saturation. |1. Pul sePGEUS2005/007388

Cal cul ation. E2. Lowpass Fil& er and Ensenbl e Averagi ng
- Block E2 | ow pass filters and ensenbl e averages the
signal conditioned by block A for the pulse rate
identification. The weights for the | ow pass filter

are deberaivpas Miteridhd Fosgiible ARk 4dins- Blook m@owB@gs filters and
signal is al'so ensenble averaged (this attenuate

enssqdmavesazes theesignehegnditinssd by bjog rﬂ dpithe pPRisg rat@ rf@ntlﬁcaﬁon

H‘HL,%V% h‘?stt%¥ ﬂ{%ﬁo&/tp%syﬁhe{}%é e?tgrm cflbyfhlae ogq{%fﬁ/%@lc% t1100k C. The

aver a er “wel er m n
Bghiliic Slscb emelnble aﬁe&@dmsﬁttenuaesaﬁsqx@nads otheli then thogaalf

fl d d d.. Mo dif
itgrRalnenaine Palgp e A4 s RS e SHERDI Pitpe g
%th?soa{lé@&é%erﬁﬁﬁéd@ ﬁkﬁﬁmmﬁblo&‘@ ands {Va%f & as51lgned if the

ocessed separa The process of this
dghalyle flaggedras xlegmtlal yMoreewsghtaa dssngnedllf thovsighel is iflgggdd as

nmefrics cal cul tedflr he ters

EBhh ot ydhedbnd arrel aiiciyiats oREE fod 8 gre
BR B8 SaLitély e TRE BbcedstTinik BRocked &élﬁyeﬂgtpf)ﬂkuhit@ly one second
previous filtered sanples is set to zero 1n the

vedligvy the signel mgeics &nbk calenlafedviissinpl es are stil |
processed through the code. This block tracks the age

of thahsiigeRhuse cérlituatdy vutiaile derhau it s@iplés dré asi tode
(sum of response tines and del ays in proceSS| ng) .. Too

@naﬂ:ndo1¢~@\sesj¢gedvoihpn theeveighiingdler theprejdees bitared e5dis Sgt to zero
REGR ARG SR L RO sahBRU b it et AR BRAbde,

Sigita average pul'se perio
mhvmﬂsék thdcks the ageiodthesigatl- thesecdmhdataid amagntrtgf filiekihg (sum of

h f
e S Ahd Ay B S Seaeaagl 1 Ed olf g Jetidt with e laeged Gif gpod
é{qs&eﬁﬁ%@dnv{ﬁ&%j%ggc JeR 51 ;g,[‘,llﬁ[éi (2) age. |. Filtered
ent |

ication and allflcatlon- Thi s bl ock
denti fi [ifi f th
£ § Tt er diP g aratockiset e JRATERRLR) 8RRk Bilrg peringh @
lﬁ%bﬁﬁilte? “Qig%@é*ﬁid' dnk@fible Yveragial fifer Waidltss (4) HOG triggers, if

ered red and IR signals and age, ( aver age pul se
p@mla{gtﬁ? (3R fundamental, for zero- crossing triggers.

Outputs - (1) filtered red and IR signals, (2) age.

1. Filtered Pulse Identification and Qualification - This block identifies and

qualifies pulse periods from the filtered waveforms, and its results are used only when

a pulse is disqualified by block B.

Inputs - (1) filtered red and IR signals and age, (2) average pulse period, (3)

hardware ID or noise floor, (4) kind of sensor.
Outputs - qualified pulse periods and age.

J. Average Pulse Periods and Calculate Pulse Rate - This block calculates the

pulse rate and average pulse period.

Inputs - Qualified pulse periods and age.
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hardware I D or noise floor, (4) kind of sensor.
Qutputs - qualified pul se periods and age. J. Average

weosesPes i ods and Cal cul ate Pul se Rate - Thi sPdit/u82005/007388

cal cul ates the pulse rate a&nd average pul se peri od.
Inputs - Qualified pul se periods and age. Qutputs - (1)
average pul se period, (2) pulse rate. I1l. Venous

Pul sati on K Detect Venous Pul sation - Block K

recei Veﬁltﬁﬁsiﬂpuvérag@ﬁdw p@EgpaRerated and IR signal
and age from Block A, and pulse rate and provi des an

i ndi Cﬂ;.i’%no%sf%ul's%ﬂ%s pul sation as an output. This

subsys n IR fundanmental waveformin the
time domain using a _single-tqoth conb filter which is
out puk- tgm&m&%&%viﬁla% 1%@66@}‘16@ &} wpuisihepre-progepsed
jql . I [ I :
%ﬂitafnﬁ 'iﬁ%gh\%/g%@{%e Fifﬁn? BINR! £, A0 PuReFate brid %ﬂif%(ﬁﬁ ah &ld@eation of

puts - sation 1ndication, | undanent al
VahouSpulsationGisfanloutidét Ebis sgbsysem-@bfucan dn IR dendafmeptal se

| j tude, - The,Pul.se .Lost.and Sensor f tection
SRTRPSE Ot SR OTHRIR SEiRE P e iSO T IE B to the
pheihigs AbBRose T aRrs.i S off the patient. The inputs to
the neural net are netrics that quantify several

aspects of t havior h s over
the | ai‘?puésevgsgﬁ?t%rseeg 8(;1) sc?f%él%ga[ﬂegug%’ &3%8?’525&% many
of the algorithm s subsystens while the Signal State i
o not  ElXps - Penaws BNwLeR{ndipiep AR AN ERA f  The
val ues of the Signal State variable are: "Pul se

Pr eselif. SéisecOfifiect, Pul se Lost, Sensor Maybe O f, and
Sensor Of." Inputs - (1) metrics, (2) front-end servo

set ti pgPH e SERLGPIPL oss IFPIRE A%‘igftﬁ’dé' ARSI ost and
sensor -0 i ndr cat1on / SUBSYSTEM
SersenDIfED deeticnguhgystan vyes taquve-trFined heirelt et fo détemnpine whether
nsenbl e ragi.n bsystem.s to.filter its jnp .
e REe o0t byt The MRl Ghsheh o i nel ittty
vae asgteistoT#ie Hehavioe 65the TR ta@d Red vieiove eholastievéralseconds.
artifact. Reducing the degree o f . . .
Samples are ignored by many of the algorithm’s subsystems while the Signal State is
not either Pulse Present or Sensor Maybe Off. The values of the Signal State variable

are: "Pulse Present, Disconnect, Pulse Lost, Sensor Maybe Off, and Sensor Off."
Inputs - (1) metrics, (2) front-end servo settings and ID
Outputs - Signal state including sensor-off indication
ENSEMBLE AVERAGING SUBSYSTEM

Ensemble Averaging subsystem. The function of the Ensemble Averaging
subsystem is to filter its input streams with a variable weighting, and output
waveforms that are less distorted by noise or motion artifact. Reducing the degree of
artifact in the filtered waveforms enables a more robust saturation or rate estimate

during motion or noise.

The Ensemble Averaging subsystem requires IR and Red inputs every sample

that are zero-mean over the span of several pulses.
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artifact in the filtered waveforns enables a nore
robust saturation or rate estinmate during notion or

wmoi0se8703he Ensenbl e Aver agi ng subsystem r equi PEBUSTR05/007388

and Red inputs every sanpl d0that are zero-nean over

the span of several pul ses.|lnput sanples are first IIR

| owpass filtered with a weight received fromthe

Signal Metrics subsystem (LPF_Wéight) and then stored

in a %ﬁ@eﬁax@qﬁwnb Wviaks ﬁl'téredi%t'h%gﬁéighth@ceﬁéa fréin the
sa

and Re es of the current one-second del ayed
Stgwat Mgtrics e‘ubﬂyswrrt U&F_reigdugpiddbernstonet én poaesenpnd-delay
@ osite pulse to formthe /th sanples of the current

osite pulse. The trigger to start the beginning of
a pul se perlod is derived from (in order of prlorlt

the Ritaverapetier@dR qdﬂélhedasﬁ@pﬁe ﬁmuafset PRersesnd %%ted input

élﬁgé 5@l HERR s tes Fie g‘ra'év%g Sﬁt 1de ? f?r%{ f1€%h sam les of
anpl'e"versus the correspondin e o e previ o8

tEhel cmerrrg}lﬁcoﬁhqioertapﬂbd Dlye ﬂggewtalstaet thé begmr(ljmfg ofa pulﬁe penod is

Grarea B Ot Epaba e Rt el pubiihbe Aderpegperiod

g‘llpﬂ gﬁrétgcgtll_r%az{?a% u?h%elgﬁf %19&1 t@rthé &ﬁ‘?ént Eé}ﬁﬁletv@ﬁus the

ses ure 3 1s a conceptu

coresponding samplf off dve mﬂ‘hs%pLﬂSGSS dvten‘age«bl by dgee\taﬂlmoft 0

f orm t he conposi The st ves an
G 2o e e G T e A B F e
the heartbeat. The triggers are qualifi ed R—V\ave

tri ggdhis obrrmsttﬁpulsz: indess dgtaatedibyowiseon naatinspstifant thpethe

B BP0 05 b SO AR AR Wt

ethefltd fopuithd é@ﬁpédﬁepﬁ’mbse Rat e Cal cul ati on subsystem
{Optical _Period). A "pulse" is considered to start at

each gya |s+‘t£s'y?t%mt Irel:éw&ranﬁ dartid tﬁ%getrg‘ SyHiE ol d {?)ngﬂ'onous
trigger. v, ecutlv tPiggers are u
Géthi thehe¢dnbeain slﬂmihggaw aea;galm@edpi&.*{wm trigpera fiemiths Rowava

f th
b sradion SubRist wheby alghiE W oeR Ry WaTE TISeRE e pRnairos, the
éét%fs & Eex%rm ﬁlt&ﬂhhl%%ﬁ&% thd Beerddel c}ies [3Y:: ‘i’n;ﬁft' tﬁBHf the Pulse Rate

ores“t he approxi nate shape and size he I nput
wlcskasmn Shissysteou(@ptich]_Keked)y |A1‘§pul$ﬂ5’rlemglea@ tolstart at each

Hﬁéﬁf%'& tlalééelrfa%ccl en(li At the Aex quglsﬁede trlgger ringhls ¥vay, consecutive

triggers are used to define the ensemble averaging period.

Figure 4 shows a representation of the subsystem’s response to a series of
pulses corrupted by motion artifact. The vertical lines are R-Wave triggers. The
filtered output restores the approximate shape and size of the input puises. The
amount of averaging increases as the motion artifact increases as determined by the

Ensemble_Averaging Weight received from Signal Metrics subsystem.

Figure 4 is an example of the Ensemble Averaging subsystem’s variable
weighting. R-Wave triggers mark the start of each pulse. The IR Input line shows
pulses corrupted by motion artifact. The Filtered IR line is a composite of multiple
pulses that largely restores the original pulse size and shape. Filtered IR is delayed by

one second from the IR input.
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Ensenbl e_Aver agi ng_Wei ght received from Signal Mtrics
subsystem Figure 4 is an exanple of the Ensenble

wo\r@sagionyg subsystem s variabl e wei ghti ng. R- VBWBEUS2005/007388

triggers mark the start of @ach pul se. The IR I nput

l'ine shows pul ses corrupted by notion artifact. The
Filtered IRline is a conposite of multiple pulses

that largely restores the original pulse size and
shapey,ofipabEkigdr L I?hla- $R 484 RYE ﬁpolY w@O&bﬁﬁQ SRR ﬁﬁé‘i‘e& Sing a

I R i nput. Lowpass Filter - The IR and Red I nput

waight (GRS THeightpreckivied dropulthe Signgl MefwicsubsystepFasollgivs:)
received fromthe Signal Metrics subsystemas foll ows:

L 9¥RASS IVavaraR S Lowpds® Wad oty el ARV dight *fblBEL%va‘Bimst
* (I'nput _Wavef ornmst "+ Lowpass Wavefornst-\) Duri
subsysteminiti al i zat iLenpash®av@ergte)i s set to a

default of 1.0. One-Second Delay Buffer - The IR and
Red LDupiagsubsstemanitiali¢atloanthewrdighttihedt to adefacit af £0. age
and status) and the Rwavej Dccurred input are stored in
onese J

 nput éggﬂ% gl}%lg){] ]gilijﬁ'%l{ %%mn p?J t Swd%f_rlﬁgzﬁfefoms (along with
THear assamecham: m,statlm) wdd theeR Wave) Ocswisedripipyt are 3rds in one-

oA Sl ord 0 B S50 BT PR SR AT

gm{vgdlngb@pg vvlth the|r timestanps in order to
reconstruct their age. Ensenble Weight Buffer - The

lt ﬁzlt ] tl‘o Ens er@eet}rges “%I?t;égfgm ' ﬁigntesctgff s %in\ﬁ?lg a%a-dbit counter
tHas ﬁﬂﬁitﬁhféﬁﬂb%ﬂ%ﬁ ®Eredfedtedtery sample period. Several received
Ensenbl eJWei ght JTi nest anp. Thi s, all ows every entry in

vilgesare s engiwith jheitfimestampsinmaderda seqonstaust theirtages s
correct weight. \Wienever del ayed inputs are retrieved
from Eneemb&Weighm Budlfel aThb Lifst fus Entémd)lasa@ed@ﬁge CWezghts
ensenbl e wei IS set to the ol dest

i
FriFives andy ﬁiequgn%tm@e?g? e e g Vg ifor ind the
@fgﬁlzb% (V%’_@tggzh ks, affs illc%l"]sg?v%f}? ey in the one-s: -second delay

rrent— —ctr rigger on -
buﬂ&ym Beressotietet svitht its ctmeg’g\emghtr OWhemsyendelayed 1np1}fo$ms

d d RWavej Oc
SRR e qRegiseie A R P PRI BRFeT LIS Vgl st o
ﬁletdw,&g Qeight tn BATUEEr HHAF RUD Rabhe réndt 8£GeAdde] anple (weight

timestamp + one second > Current_Time_ctr).

Trigger Qualification - The subsystem selects its trigger from one of two
inputs: RWave_Occurred or Optical_Period. RWave_Occurred is the default trigger.
Before RWave_Occurred is used as a trigger, it passes through the one-second-delay
buffer mentioned earlier in order to be synchronous with the delayed IR and red
samples. Triggers based on Optical Period input from the Pulse Rate Calculation
subsystem are only qualified when R-Wave triggers have not been received for at
least five seconds. This waiting period is deemed sufficient to determine that R-Wave
triggers are unavailable. Then, the first trigger from the Optical_Period is delayed
until the first zero-crossing of the subsystem’s Optical_Trigger WF input waveform.

Subsequently, the trigger is derived solely from Optical_Period.
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buffer nentioned earlier in order to be synchronous
with the delayed IR and red sanples. Triggers based on

w@piososiodPLeri od i nput fromthe Pul se Rate Cal ceCHUSZINS/007388

subsystem are only qualifidd when R Wave triggers have
not been received for at |east five seconds. This

wai ting period is deened sufficient to determ ne that
R-Wave triggers are unavail able. Then, the first

tri 9o@msémBI® AV akhl M@he]lpeﬂ'ﬂe%ﬁbéﬁteﬁﬁle@éﬁ%is 1R04rdd Réd@put
first zero-crossing of the subsyst

Spoplenhuting trgger to\irdicate the stary of cﬂcilnpuBab Notpbat thy [R ah@Red

tri rived sol e fr.o JPr od. Ense

il ataastroet Tomms ftierst B PRseE R ebiche e gt dSiay
oL IbaiRSs tBe fulatile b&ﬁpéndn@ of ﬂﬁmﬁﬁileln&)hesam;ﬁé by 8¥eraging
each pulse. Note that the IR and Red inputs have

sheridespnnie efithe swpertpuiseivwity g ithrsamplesofdlae previoug pstinrased pulse.

one-second-del ay buffer. It estimtes the pulsatile

conpomaaffiltef outpst is therefoie d cuposiaopmaltipye le%sa@ailcngaté&l &s each

h sample of the current pulse wth the z{hsanp

s#apls rl%K?P%‘M%d e 5hg Hilerdws ﬁm fggquengyprespongept %ERIB‘?J ﬁltPrsthat only
DUl ses..

SEREER R eaaor YRR Beplih B PSR, 18 ket

tvereging dytermmpotisevidth of tboedmb filtees “ted:th’t’ onI y passes

frequencies at or near the pulse rate and its

har Momy6 Silted. E@uﬁ@@ﬂﬁi th@fzth%‘dﬁl?ﬁg\l'dh% cq%@&meﬁeﬁurs@e roughly

width of the conb filter's eeth". The filter assunes

eaeal tq the ztiltsam&mfethv nteywus pulshe Nota thatit is pu‘lawfuyctwn of time,

Mo S5l ol o B 1Bl S BERGR4P o froauens

yahple. of zero at each qualified trigger and |ncrerrents
at each subsequent sanpl e. Ensenbl e Averaging Filter

Equat
e EAR ARG Lol B80 Ao R e e
Bhbaaible A vetngitlg flcbrhuyes the ESiapitde _Avetdgins Vﬁ‘aﬂyﬁyﬁa whnch The
follow ng eqguatign shows the basic_ steps that

gh thﬁ,%@sw

puligd g dhepignaldMsirics syhsy ey él@é?@ovblag gguatipn sho
'steg ﬂlat"f‘ﬁﬁét%e cHORALE th@?h}iﬁh Phvé E»ﬁﬁ@‘ one pu' S€
I's the ense outg of the
subsystem Al zb are stored in thé% osite Pul se
Buffer. xt is the nost recénf Zolit'p —&shpl e from t he (1)
one-second-del ay buffer. AUt he variables in equation

where z;denotes the value of z; from one pulse ago. z; is the ensemble-filtered output

of the subsystem. All z;s are stored in the Composite Pulse Buffer. x; is the most
recent output sample from the one-second-delay buffer. All the variables in equation

1 are scalars.

Composite Pulse Buffers - The composite IR and Red pulses are stored in
separate Composite Pulse Buffers. The index, i, is reset to the start of the buffers

when a trigger is received and then incremented for each sample.

The buffers must be long enough to store one 20 BPM pulse plus a 10 percent
margin to allow for pulse-rate variability. Therefore, the buffers are updated with at

least 1.1 consecutive composite pulses at 20 BPM and two composite pulses at most
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1 are scalars. Conposite Pulse Buffers - The conposite
IR and Red pul ses are stored in separate Conposite

womosesBod fers. The index, i, is reset to the BCHDS200§/007388

the buffers when a trigger 18s recei ved and then
increnented for each sanple. The buffers nust be | ong
enough to store one 20 BPM pul se plus a 10 percent
margin to allow for pulse-rate variability. Therefore,

fn!ﬂ?e Rudsf ar ﬁsh%ﬁﬁ gbq?e@{ @d Wil bf'th@%uﬂ@ﬁ%brrﬁalkr@&@ﬁﬁ HusVige
nposite u ses 20 BPM and two COEROSI te ses at

mpcrpicpldsuatl the @sxt triggér, during whigl tipwghe fier %ﬁl@tpw il de set
uf f e norna processi ng nust be suspended until the

’218%10*‘:‘ ‘?‘ésg‘é?P Sduring which tinme the filter's outputs

will be set identical to.,its inputs. \Wen the mterval

bet we hentheyméareal hstveeendrigasrs sqthionggiiitsrerapasife Lulse Buffers
ﬁg&%ﬁ{ SorflB x r&%h 5%9{&% ﬁ&g&& tﬁ@éﬂﬂf %ﬂcegxggggteeat

pul se_is _cal cul ated each sa =i
the nbhpih swp%mee@w% s lﬁéW@u direching cyhesg =i
?ﬁ{ﬁn i¢ iehuldted gieéa}?plés et tﬁé’ b %ﬁdl %ldﬂ@hﬁaﬁﬁbﬂtthggers

[ I, 1s a ranmp function oft. For/, equation (1)
e thefiudsd ftedod.dote tizal /, likeji; is axamp ﬁ@ncmpnpjf ti) (Ib) The
sane value of wis used to calculate z,-andzj . Wen/
reach§§rjt e@ua%g pjlstrﬁlﬂlﬁ)éaftg%ad cal cul ation of Zj nust
be suspended unt|I/ becones valld agai n. Changi ng
pul se periods m ght cause small cont{nuities in the
subsystem out put after each tﬂ?jév & szfjr
Speci al processing during the first four sanples after

a trigge Ealﬁggédﬁgéf w}é §seﬁft(f) @éléulaty}ealfd'z! Lwhés! &H&&Hfthe end of
san'p e Is interpola bet ween t he st éndard] out put
{tredudfer,@alclatian o f lzhnust be etm@eminipmsl £ eecouies galiagain.i on
Ib), so that the flltered output is respectively 80%

60% ¢9%h il FulddPerdddE it dali&SenAPdBESinuities in the subsystem

output after each trigger is received. Special processing during the first four samples

after a trigger reduces this effect. The filtered output sample is interpolated between
the standard output (equation 1) and the second composite pulse (equation 1b), so that
the filtered output is respectively 80%, 60%, 40%, and 20% of z; on these samples. If

the second composite pulse is not available, the input waveform is used in its place.

Initialization, Reinitialization, Clearing and Ignored Samples - Until two
triggers plus one second samples have been received, j is meaningless and z;is not

calculated.

The subsystem contains two methods to recover from an interruption in
processing. When more than five seconds elapse between triggers, the subsystem is
“cleared” at the next qualified trigger. The clearing operation sets all of the
subsystem’s persistent variables to their initial values, with the exception of the
following variables that are essential to trigger qualification and maintaining the one-

second-delay buffers:

ecei ved. (1b)
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the second conposite pulse is not avail able, the input
waveformis used in its place. Initialization,

worei0s/08708d | zati on, Clearing and | gnored Sanpl eBCFULIDH/007388

two triggers plus one second sanpl es have been
received,/ is neaningless andZj is not cal cul ated. The
subsystem contains two nethods to recover from an
interruption in processing. Wien nore than five

seqontge albapiemieunestirhéstanger s, the subsystemis
"cleared" at the next qualified trigger. The clearing

oper atd on _sets. al l_. ) [ : .
Vot abrEBapE iRk e Gy R AR PR GRited g
of the follow ng variables that are essential .to

t r BggEhe gRrgVions c Aptier_Hieranall Avdorm ntpremle dised efooflgtect zero
del ayCIlgyﬁfilf) rs: 1. The subsysteni s current tinestanp.

2. The e Sed tines since the last R-wave trigger and

EE%TL§Bé$%%3gin&ﬁ%ﬁ%%t&%ﬁéﬁﬁ%?é%gggggﬁﬁ%PSZtect zero

crossings. 4. The state ofthe Trigger Qualification
St & eOnbrsbtond. dely i beletsnd del ay i nput buffers 6.
Ensenbl e_Aver agi ng_Wei ght buffer This "cl eari ng"

0p&y. aEhmble Aerdedigniikidigbatiee this condition shoul d
be rare and may indicate a lengthy interruption in

Phe "1 Koo et doetdulh i OberRita Bt 8 fRRIGBpullibe rare
sapag iddcaRub kagihyfifiterruptithen proceasipg. eThefiltgrmmtmds émeatso

processed) due to lack of valid input fo riods

Feotaralfa i 4t ints e e perdoms T st Stf Farppeta Bue

Hﬂ%ganged and the subsystenmi s outputs are marked
nval i d. Wien processing resumes and if Optical JPeri od

en S B L LD LSl e
PELd R IR AU AREodR hS (RS PulseBatferiy Idfefufchafiged and the

reset. This is done because the Conposite Pul se Buffer
sibepstem&st dutputs engtmadrkedanvalid. When processing resumes and if

Optical_Period is non-zero, the buffer’s indices are reset to what they should have
been an integral number of pulse periods ago and the one-second-delay buffers are
reset. This is done because the Composite Pulse Buffer should still contain an
accurate representation of current pulses after a brief interruption in processing. The
subsystem is “cleared” if the Optical_Period estimate is zero (invalid) or samples are
ignored for at least five seconds. Most “ignored samples” are expected to be due to
the adjustments in the oximeter's LED brightness or amplifier gain, which generally

take less than two seconds. The equations for resetting the indices are as follows:
Elapsed_Periods = int(Interruption_Duration | Optical_Period)

Samples_In_Fractional_Period = Interruption_Duration - Elapsed_Periods *
Optical_Period

New_Idx = round(i_Idx + Samples_In_Fractional_Period) or if New_Idx > Optical_Period,

New_Idx =round(i_Idx + Samples_In_Fractional_Period - Optical_Period)
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accurate representation of current pulses after a
brief interruption in processing. The subsystemis

wO edosmsel i f the OpticalJ 3eriod estimate i s RET/US2005/007388

(invalid) or sanples are ighored for at |east five

seconds. Most "ignored sanpl es" are expected to be due

to the adjustnents in the oxineter's LED brightness or
anplifier gain, which generally take |l ess than two
seopidix TNe RRYRSHAES Hadhot' BBEd3E dVREIGW, dddiGifEn@oRerflow, the
@%&{Sﬁgﬂteqyiﬁs'eﬁf&psed\]%rl ods = int(Internption_Duration

| t

I cal _Period) SanplesJnJ?ractional P eriod =
b nilerNept Idynptbuided 4_afx has Bbtahsaty dRerfiavetd, énd would not overflow, the
QpirpositeliRgdei BadfeNewj dx = roxnd(i j dx
+Sanpl esJn_Fractional _Period) or if Newddx
Opt i cdhe Pas¢noble Avstgging subeystand { tetiitialized when the Pulse Lost and

S%_E gﬁféjgf]egﬁﬁ?{ %ul?cs){f]sgcl?r% agt%'gg%ﬁ%ggﬁ%#)ﬁ%{a F]laésgb(r]e;(;lq gg-jacq:uired after
O¥Ricfdb i ebrarvlodel pedlod f iinid, BrMvhEm e séROPIe Sbindictdds €
Buffer. i _ldx =Newf c _provided i _|dx has not already

oRremitiabizelénramams fhat ASL vbe subsisteine rosvipen)ivedlpsere set to
B TG ORGSR O Y DGR g itz
Detke dt likely thabihy Fnesmisle tAeeraghessubbyster’ s pudviaushpatsclregasentation
re-acquired after being absent for a prol onged period

oid Ogﬁ‘?rc(’ﬁre%en a sensor is connected.

"Reinitialization" nmeans that ALL of the subsystens

per si Jiheetapseal tiradintervals sinsethetlastRawiave pmd the ddst qualified trigger

This is d‘oae because bqthl%fygt he events that invoked .
AER FipiergPiog S BRPTRE R . | KALRYPS OF 4601 FRrSHERS i pEFUr during
AR SO Pl SSURS HSH BB fo RIafiYy eftUl se representation is
no | onger current. The el apsed tine intervals since

the | G5t s@t&e%n@iti%ﬂ%i%ﬁg% %f 1§gl§lﬁls%\§ gléet sf%%;rtg Hiatnidteror updating

i ncremente I'gnor

z28dtoo fthe© %0 pisestrhdihtated i thduComgbsite Palse Buskrgdndshér thdices.
not used to qualify triggers. The state transition

di agr lﬁgtrﬁj %?het %23}{5?@1}19 }%CFRI‘@S il i a&?%g%_%ﬁeputs,, of its

updat i eac wo pul ses marntalin
(Rrand Rietl énpftd @ datuftethe ageyddgen O;, offith coamposifegsuldddutputs. For

- The subsystem receives the e.in sanples, .

Aef SRR 26, Ot 1 _f@rqrp@%?@%@g clamged Gma sics flpriest pRgated
388 thef99e@btd with gk LApHORISE 1 Mid SRigwt put's. For
(Ensemble_Averaging Weight), w, used to update the composite waveforms. The

formula for Age Out; is:
age _out; = age _ out] + m+ w, ((age_ in, + N)— (age _out; + m))

where m is the number of samples since Age_Out; was last updated and N is the
number of samples in one second. The timestamp at which each Age Out) is updated

must be stored in order to calculate m.

The subsystem must also update Age Out;. The formula for Age Out; is as
above, except that j is substituted for i.
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each sanple, AgejDut i, is increnented by the el apsed
time since it was | ast updated and then averaged wth

wao\g@shsmu s t, using the filter weight PCT/US2005/007388

(Ensenbl e_Aver agi ng_Wei ght 3¢ w, used to update the

conposite wavefornms. The fornmula for AgejQut , is: age

_outi = age _ out\ +m+ wt [(age_ int +N) - (age _

out' +rn)J where mis the nunber of sanples since

Age_Oghe Yasydtad imusp HRERr? A Quiteht ik 3@ (8 Fer@f Time_Ctr) every

sanpl es in one second. The tm estanp at which each

segepleninclpding igneded wamlesst be stored in order to

cal culate m The subsystem nust al so update Agej Dut |j
Thewnnhd cubb@terdiieclEdibd of irdbaliedya] ereviesiptthd od Cur

is substituted for i.The subsystem nmust [n¢renent a

bufiferaie reinifiplized tpdgadrpesn Prrthemers. allsptiss 1 thgfudfer for the
SR % R U SRR Bficy B e WA, blrent,
bkftempaniaus i Theseateps erd thloenAgasdunptintthe 4zar Oheyalwaseyre no

S B oG L b B P =

current tinmestanp mnus 1. These steps are taken to
assur &h¢ Easeniiie AAgegidgtinstanagevhose wanefonhsiate usedor pulse

| apsed ti i th bsyst I d
ruthicetion mibeplsorie veRCBAGL L AL ghE RO EPEIES g g8
ey ey esntaite Ths Fhséble mﬂ&%@i@bﬂaﬁwﬁmﬁmﬁeﬁm@ lafeused to
rate uses Rate LPF_Weight, ich d%pends sol ely on

talewatenatjo-ebration and sateratiow uses iSar_APEr Hgighs, Wiish g\h@ depends on

f . ! fahati
SRR MR PRl Sl (R0t B e Ealbh O
wwpakefieing, MEheRoWeights vailiaen geictween@Ubad bO, let Wil not increase
(lower) with the addition of |owpass filtering. These

wmergyies 05 ip apy sigelestPneen 0.1 and 1.0, and will not
increase nore than 0.05 in any single step. ENSEMBLE
EXSEMIBNB/ EVERAGIRG WHIGHDbsystem i s notified that
the Pul se lIdentification and Qualification subsystem

has | yitenGREBIRY Q6 SV AStHRII tBR (RS PAsPTIeBifitAlonRUl TRialification
t he subsyst em updat es ensenbl e-averagi ng wei ghts, used

bybsy$temihas jush casploted evalustinreefid rotantiel pgfse ghe 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:
x =max(Short RoR_Variance, Pulse_Qual RoR_Variance / 1.5) *
max(Long Term_Pulse_Amp_ Ratio, 1.0)
RoR_Variance Based Filt Wt= 0.5 * 0.05 / max(0.05, x)
Arr_Prob = (Period_Var—0.1 * Short_RoR_Variance — 0.09) / (0.25 — 0.09);
Arr_Min_Filt Wt For Sat=0.05+ 0.5 * bound(4rr_Prob, 0, 1.0)
Sat_Ensemble_Averaging Filter Weight = max(RoR_Variance_Based_Filt Wi,
Arr_Min_Filt Wt _For_Sat) *
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subsystem Separate weights are conputed for the two
Ensenbl e Averagi ng i nstances whose outputs are used in

W@ vp8iony sat uration and pul se rate. These wePQUS2085/@7388

based in part on netrics pridvi ded by the instance of
the Pul se Identification and Qualification subsystem
whose i nput waveforns have NOT been ensenbl e averaged.
The equations for SatJEnsenbl e Averaging Filter Wi ght

are as follows: x (1.0 + Pulse_Qual_Score)
=max( Short JR oR Vari ance, Pul se_Qual _RoR Variance 1

Sats Ensenrbie  (Averagime FikePulVeightap_Rati o, 1.0)
Ro ri ance Based .Fi | 0.05 / max(0.05, x)
]iﬁi ﬁﬁgjﬂ g@“f Ft’b’% W‘g%éﬁlo(?)t RoR Vari ance -

0.09) / 025- 09 ArrMnFlltWForSat005+
whsreboyg G@dbm)ﬂemt%mmﬁma&@oly

Sat _Ensenbl e_Averagi ng_Fi l ter_V\él ght

nmel ( RTR: Woovicasaaatida sesulthn hidefAlilt whright Mif 0. 5Hiok low values of the

\é\lg 15%%3@?%%% ‘éa*r;%ggsa&hzgfl éﬂ? 't éfrchgg on f }iulse ' Qual_RoR _Variance are

bou% {baedmi saéyéaée%eh@gn&mt qqmmgm forl. 0) where

denotes m n(max(a, b), c). The above
é’qlsat QmisRolé sItfdnamcel eadsdeitlaiiequalfieption of rghe@ionmf thaywost recent

f Rat.i 0- O ti Qs varianc
S kb, B R B0 Qe R g oo
la%lghq@ﬁw%matméevranandebraﬁaweﬁgwbméstcﬁr val . The
interval for Pulse Qual_RoR Variance ends wiith the

6,963411*6%3&’1\!1@?3_14@@_#@19 ¢hat wioubsk typicallyringlicatemetion pififacs.

\’%XE 9‘@,@“@# uglé% lgg)%gésl“%drgm%lggg{?ag fe qn t&a%}xsem-lasg‘ragmg

ViR 0. @51-@ 93y bblseﬁﬁbrl“lfrﬂinﬂljé‘én Pbriod_Var, which quantlﬁes the degree
Longhagﬁrgrﬁ Pul se Anmp _Ratio that would, typical]

oharrEdbwiaoiio dene BRGAuES ensgmblgrgyeraging i WOF%flfe"@é(P for pulses
h%ﬁ%?&?lﬁlﬂ&‘ géﬁg&@gﬁgﬁg%&gr&g‘g %Tk%%'&!l d%v %91 ng

ran pri nmar |
PatseOQuMaScorW“thnslnam irendasé t}msna:dmaudﬂgaﬂlmeofof arrhyt hm a.

St Boan Brgin S a PR BPET Rt kB per i ods. 11t he

nost recent puI se received angood Pul se_Qual _Scor e,
t hi s Thn equationsfe Raie Fvscibte dvwendgivg dfilter_Weight are as follows:

Arr_Prob = (Period_Var—0.07)/(0.20 - 0.07)
Arr_Min_Filt Wt For_Rate=0.05+ 0.5 * bound(drr_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
if Avg_Period >0
x =x * bound(Pulse_Qual_Score *Qualified_Pulse_Period | Avg_Period,
1.0, 3.0)
Rate Ensemble Averaging Filter Weight = min(x, 1.0)

These equations differ from the ones for

Sat_Ensemble_Averaging Filter Weight as follows:
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Sat _Ensenbl e_Averaging Filter_WightfromO0.5 to 1.0.
The equations for

woratos/0gmsenbl e_Aver agi ng_Fil ter _Wei ght are as POI/US2485/007388

ArrJProb = {Period Var - 0187) / (0.20 - 0.07)

Arr_ Mn_ Filt W_For_Rate =0.05 + 0.5 * boxnd(Arr_Prob,

0, 1.0) x

=max( RoR Vari ance_Based Filt W,Arr Mn Filt W _For_Ra

bE) The (hkedholdsPises Qo Qumbpulie O£ )Prob are somewhat lower because it is

Short _Term Pul se Anp_Ratio * Long_Term Pul se Ratio
< 1dqs1r&b1e>tﬁat aghythmic prisepoeiske sawﬁmmathyOeI}SPmkﬁg@m@%pnor to

boI a‘?ﬁhpcatm&lal _Score*Qualified Pulse Period I

BY oShiegll valdes Af. Shoex. Porm_Pulse Amp . Ratzo typlcally 1ndlcate that motion
Rat e _Ensenbl e Averagi ng_Filter i ght = 1,0)

e e@@faéhhﬁéﬂ%ﬁ%b%‘?qdf WhiHP A Bl Gl eraple averaging weight may
Sat o I
L e L
I ovmahﬁbamublﬁ riot fargatieef-ragiok ﬁltemg alair sdugramn comuitates).

gﬁ glif l;c)lfq }gﬁ‘gl?tlc Bafgts ﬁ%?%ﬁagﬁé&@c?r%nﬁ%ﬁﬁlh Ohe Eo%ggrqjth%g-average
Sh OQ&al-zl}?erd”Pﬁ‘s'é TR DARDARRESuRs WP irfeddabey tﬂe%b&ﬁ‘ﬁlé-atz&@gmg weight,

notTon artTifact has just subsided, which neans

t hesoeasstiisl absawre teyikinpeddegHromaybsseuent pulee guahﬁcatlon

i ncreased. This has been found enpirically to be

benef ipefialitidugf pul se qualification, but not for

ratio-of-ratios filtering and saturation conputation.

c) Ifgﬁﬁgl t skips a beat, with or w thout prior

arrhythnn a, e | onger -t han- aver age

Qual i fjed_Pul se Period that. resultg, w incr e 1.he

ensentve. Bl RS gFrberied Feporiad b Estssyie L A pgtion

%g# g, beat from subsequent pulse qualification.
|n|t|ons Data | nputs Avg_Period - Ayerage pulse

peri 0‘2025 p]oegrtnegu}) J /E;!szl Sﬁatz%a ! Suac?J fies Has pu Se %%5’15 t)(lge compared to

historic pulse amplitude. Provided by the Pulse Identification and Qualification

subsystem. Values substantially larger than 1.0 are typically indicative of motion

artifact, and result in lower Ensemble_Averaging Filter Weights.

Period_Var - Period-variability metric from the Pulse Identification and

Qualification subsystem. Used to gauge the extent of arthythmia.

Pulse_Qual RoR_Variance - RoR_Variance metric from the Pulse Identification
and Qualification subsystem. For instance, a value of 0.10 would indicate that the

average difference between consecutive pulse periods is 10% of Avg_Period.

Pulse_Qual_Score - Score computed by the pulse qualification neural net in
the Pulse Identification and Qualification 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.
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Long_Term Pul se_Anp _Ratio - Quantifies |ast pulse
anplitude conpared to historic pul se anplitude.

woe@giogieos by the Pul se Identification and Qual PET/US2008007388

subsystem Val ues substantitally |arger than 1.0 are
typically indicative of notion artifact, and result in

| ower Ensenbl e Averaging Filter_ Wights. PeriodJ or -
Period-variability metric fromthe Pul se

| dent ishbmatdan Pand fMa! Rbdis atuaiifiod sy phieampEede tBmpared to
gauge the extént of arihythm a.

PravseusQuise apptitndgr i ance- RoR Variance netric fromthe

Pul se Identification and Qualification subsystem For

i nst ag@puss val ue of 0.10 would indicate that the

average difference between consecutive pul se peri ods

is 10 v i . Pul I

comput TR Ratio dNRE HE RafiRh, Colfdl f pulse rate

Pul se | tification and.Qualificatipn,.su te Zer.o

s oxtidnbe bodincn g pevanbfy pffaus oSS Rorfifidd over
2 éc{;xlhcg irﬁf}Wﬁ@m&qu 8aled Watefsiasent pul se period

qual | the Pul Se Identification and

Qual i fj cati ubsystem Short Te Rul se Ratio -
Qiant AaLPPa bRl ¥ s et ad e Cloiebe bY Py bhch ot e
Mk &EbI8 MletdgitiesubSytdh tisat Prepesteisey waatfofms uskdtfbopulbe

Mean | R Frequency_Content to pul se rate.

lgpaliffesfionand pwlserate caleetiqn. es variability of

ratio-of -ratios. Conmputed over a 9-second w ndow from
LPF_Sawire tWaMan&ef -aQiumitifidat aidbRity W€ tagiot o f-ratiosvp@smpiited beer a 9-

ight to b d by the inst f t E )
AT D15y Secded FHREoBT EpACEESRES- ULy ERErREcHls dan
f .' N N | ) ] -. .
e Bitb A lAlip P4 B aRRE At Bop! B it 811 value by

raataveragd of H1% of the@negnuratiotobvaiosaalhe. second wi ndow from
Scal edJWaveforms. A value of 0.10 would indicate that

sanpl &} gsapmk %v&ﬁfgkr%‘_?ﬁilz‘éra%z%%t M se@bleddvick find Wweiht to be

the meanm ratio-of-rati6s value by an average of 10% of
tused bethe instarice of tharEnsembloAvaraging subsystem that preprocesses

Sg{%rgﬁspat 3 gr&g%igﬁpg\\éﬁﬁg %@gfggﬁl&i %{da%vl\ﬁéqu{e'calculation.

Sat_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.

Scaled_Waveforms - Scaled versions of IR and Red

Pre_Processed_Waveforms.

Short_RoR_Variance - Quantifies variability of ratio-of-ratios. Computed

over a 3-second window from Scaled_Waveforms.
Internal Variables

Arr_Prob - Likelihood of arrthythmia that would limit the amount of ensemble
averaging. Based on Period_Var, with threshold that are specific to each of the two
Ensemble_Averaging Filter Weights.
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used by the instance of the Ensenbl e Averagi ng
subsystem that preprocesses waveforns used for pul se

wa@ee@biogioeat i on and pul se rate cal cul ati on. PCT/US2005/007388

Sat _LPF_Weight - Lowpass fi2hter weight to be used by
the instance of the Ensenbl e Averagi ng subsystem t hat
preprocesses waveforns used for pulse qualification
and pul se rate cal cul ati on. Scal ed_ Waveforms - Scal ed

versi ops Mty Il ame FRR RAPs, StrPMIR SBRHE:. MRS O MiBimum values for
Short _RoR Vari ancé - antifies variabilTty of

il two-Krtsemble| deragiegniiltes dWeights, baseal anetbeintespectiviods 7t Penf values.

Scal ed_Wavefornms. Internal Variables Arr_Prob -

Li kel ifPpocatbd s hersims -adwpats-iated viistont oftSeeledniaéforms,

of ensenbl e avera Based on Period_Var, with

thﬁ%@rr@mwerwéf%@&fwé@m c to each of the two

Ensenbl e_Averagi ng Filter

Vi ghtidedhr IR Miregikarcy Obniemyr- BRéinete of the mean frequency content of

gﬁg Mn Filt W For_Sat- M nimum val ues for the two
Rpgt Wovsfang Fi | ter Wi ghts, based on their

respective ArrJProb val ues. LPF_Scal ed Waveforns -

Lowpadtok | |Vhrzen@I_Bae¢6é|f6H 1t - Cempenedoref or ns, used to

ERTPHAE s R T 192t £ b Bre R B RE TR

e f e pBgB_M@plmgbe Based JFilt W - Conponent for
Ensénbl e _Averagi ng_Fi | ter _Wei ghts based on

RoR Vari ance netrics and

Long TermJPul se_Anp_Ratio. WHAT IS CLAIMED IS: 1. A
net hod for processing signals in a pulse oxineter to
det ermi ne oxygen saturation and pul se rate,
conprising: receiving waveforns corresponding to two
di fferent wavel engths of |ight froma patient;
ensenbl e averagi ng said waveforns in a first ensenble
averager; calculating a pulse rate based on an out put
of said first ensenble
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averager; normalizing said waveforns to produce
normal i zed wavef orns; ensenbl e averaging said

wosasioged wavefornms in a second ensenbl e avePEmES2005/007388

and cal cul ati ng an oxygen gaturation based on an

out put of said second ensenbl e averager. 2. The net hod
of claim1 further conprising: said ensenbl e averagi ng
usi ng vari able weights; selecting first netrics for
SFHAT 1S et AensENid.e averager to optimze said
calculating a pulse rate; and selecting second netrics
for said second ensenbl e averager to_optim ze said

cal cul atingl-an okyrsipdsiar piosesstg. signalsife nydserpzémefer to

C ' i d dometrics both
el %@%ér? %c’fm%ﬁbg shd e A0 o3ERAMET o an

arr hyt h mc reu:hslag vweRefbras thrydspondingret twocdifferens @avklengths of
first netrics, in connection with calculating a pul se
righg ] Oﬁbwpﬂﬁmg | oner associated threshold for

recogni zi n .
sai dgsecon% %ér%?i}é%?@a%nﬁ!%ﬁe met rgfsu?){ éaplerﬁnse%% g“r;eer?%’
said first aiulsngaphlseesteibesedunt dn sutpitidsaid fsstensemble
termnetric which is a nmeasure of short-term changes
i°&Fse anplitude; said first ensemble averager

i ncreasi ng RAMBRARFBIIE w%‘é@f‘oﬁﬂé f&pf&ﬁh&fﬁoﬂnﬁhie%&zpaﬂléfcﬁniso
a short-termdecrease in pulse anplitude faster than

sai d secondnsersllatay eraging saidaorBalizzdpyavetoreg ime senond gnsemble
determ ni ng oxygen saturation and pul se rate,

@gﬁ@,gf: A9 a detector which receives wavef orns

cor r espondi daGul0ing ¥ oty Edrevatititionbist&og ki sutpht 4l sgid second

froma patient; a first ensenbl e averager;
ensemble averager.

._1

2. The method of claim 1 further comprising:

said ensemble averaging using variable weights;

selecting first metrics for said first ensemble averager to optimize said
calculating a pulse rate; and

selecting second metrics for said second ensemble averager to optimize

said calculating an oxygen saturation.

3. The method of claim 2 wherein said first and second metrics
both include an arrhythmia metric for detecting an arrhythmic pulse, said arthythmia
metric for said first metrics, in connection with calculating a pulse rate, having a
lower associated threshold for recognizing arrhythmia than said arrhythmic metric for

said second metrics.

4. The method of claim 2 wherein said first and second metrics
both include a short term metric which is a measure of short-term changes in pulse
amplitude;

said first ensemble averager increasing an ensemble averaging weight
in response to a short-term decrease in pulse amplitude faster than said second

ensemble averager.
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a pul se rate cal culator, coupled to an output of said
first ensenbl e averager; a normalizer coupled to said

wa@ledosns4 f or normal i zi ng said waveforns to predius2005/007388

normal i zed waveforns; a se@dnd ensenbl e averager; and

an oxygen saturation cal cul ator coupled to an out put

of said second ensenbl e averager. 6. The pul se

oxinmeter of claim5 further conprising: wherein said
ensenbl e ayer agey §ulds SxifRir fEicBImifing BRAIHAl sBr@MBIad pulse
using variable welghts; a signal quality netric
caboavngirsingeonf i gured to provide first netrics for

said first epnsepbl e.gaverager. to.optini ' .

cal cul ati n& dé)?‘eﬁ{ﬁ%é”j”@ja]ieg?lg%sn%a‘%eg%%ﬁ d %}nlé?pro?@gn%\‘tg rtw g gll {frent
SRR ERABE SR SroRY 8 pagait; t o optini ze said cal cul ating

an oxygen saturation. 7. A nethod for processing

si gnal s i n adirplAnsemBleiaN@REs; t 0 det er ni ne oxygen
saturation , ri Si g kY

vevef or ma. A3 ieaHsSEIChBG, oI 3h Bipul GEEHY [ ensemble
abedapght froma patient; low pass filtering said

wavefornms in a fjrst IqQw pass, filter: cal cul ating a
bl Se. 1 at ¢ ARSBALSH caRPIL AR dstectsh e PP i ey cforms

ﬁ&khﬁ@be 1M TR AMaTsN 'Q wavefornms to produce
nofmal' 1 zed waveforns; |ow pass filtering said
nor mal i zed awavefdomsemble azersgarpaml | ow pass filter; and

a1 0 socondnPBYEBLEETET I STinIBRa R 85 o EPLR 32ona

fHEHMRAE ab@BRYr] SiNg: selecting first netrics for said
first low pass filter to optim ze said calculating a

pul se rate; and i ) .
6 The pulse oximeter of claim 5 further comprising:

wherein said ensemble averagers are configured to ensemble average
using variable weights;

a signal quality metric calculator configured to provide first metrics for
said first ensemble averager to optimize said calculating a pulse rate, and second
metrics for said second ensemble averager to optimize said calculating an oxygen

saturation.

7. A method for processing signals in a pulse oximeter to
determine oxygen saturation and pulse rate, comprising:

receiving waveforms corresponding to two different wavelengths of
light from a patient;

low pass filtering said waveforms in a first low pass filter;

calculating a pulse rate based on an output of said first low pass filter;

normalizing said waveforms to produce normalized waveforms;

low pass filtering said normalized waveforms in a second low pass
filter; and

calculating an oxygen saturation based on an output of said second low

pass filter. |
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sel ecting second netrics for said second | ow pass
filter to optim ze said cal cul ati ng an oxygen

W@ 2008/0800HNn. 9. The net hod of cl ai m 8 wher ei n: PETYES2005/007388

| owpass filtering weight &8sociated with said first
| ow pass filter is based on a frequency ratio nmetric
whi ch quantifies the frequency-content of said

waveforms relative to a pulse-rate estinate. 10. The

met hod of gl ai mﬁe\fmﬁm@clfiﬂﬁm-@@ﬁémﬁ%ﬂﬁi@gzi ng wei ght

for said second |Iow pass filter is based on a

frequency selectng st metrigh fagtsaiguEngt o rass filier to optimize said
f%fgfégnc¥-cgnt %n.t f said waveforns relative to a
SEICE ARG BUSE I He'E that metric, and a separate

Rati o- of - R@El!e@t%l%\@bd')xﬁﬂﬁ@tri@fdrisﬁid skdondAoWgiasod1térab optimize
processing signals in a pulse oxinmeter to determne

oxidgeleulating pa OXYSPNAAMIHIPNse rate, conpri sing:
recei ving waveforns corresponding to two different

wavel engt hg of 'f&ﬁ%ﬁtﬁ&@&?&iﬁﬁé WiBfein:| OW pass

filtering and ense e averagi ng said waveforns in a
first | ow paskw-pdss diltedmgiweizghtadsbeatrd avithgmaid first low pass filter is

al cul atjng a pul.se rate based o ut put of saij .
Prichon birgiede) ipraslt R tanthe o Spafitey Sonef ot said
W@ﬁé&a&i@b%ﬁﬁ%\é%@e@ﬁm&. produce nornmalized

waveforms; |ow pass filtering and ensenbl e averagi ng
said normalized waveforns in a second | ow pass filter
and ensenblld. avdtggasthodelrlaim & wheraitig an oxygen

il ter and “anuanst BB 55 il Bhcopd 150 B Pl BiiRed on

det er m ni NG fPXMERYY 1B6b Wedid WhicAr@amificsehe Abquency-content of said
conprising: a detector which receives waveforns

yeavetosms relptive to 6 nulws-tateresimaterthtanerien®dns of |1 ght

froma pati&glf; ate Ratio-of-Ratios variance metric.

11. A method for processing signals in a pulse oximeter to
determine oxygen saturation and pulse rate, comprising:

receiving waveforms corresponding to two different wavelengths of
light from a patient;

low pass filtering and ensemble averaging said waveforms in a first
low pass filter and ensemble averager;

calculating a pulse rate based on an output of said first low pass filter
and ensemble averager;

normalizing said waveforms to produce normalized waveforms;

low pass filtering and ensemble averaging said normalized waveforms
in a second low pass filter and ensemble averager; and

calculating an oxygen saturation based on an output of said second low

pass filter and ensemble averager.
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a first low pass filtering; a pulse rate calcul ator,
coupled to an output of said first |low pass filter; a

wmorosmgioger coupl ed to said detector for nor nePCRUSIP05/007388

said waveforns to produce dérmalized waveforns; a
second |l ow pass filter; and an oxygen saturation
cal cul ator coupled to an output of said second | ow
pass filter. 13. The pul se oximeter of claim12

further coppri SAgﬂllée oMBEST for Aelefinln@yp BaEen bitlit808 afd Bulse

configured to ensenbl e average using variabl e wei ghts;
mtegicomatisiggal ity netric cal cul ator configured to

ide first tri f id first | .
o opt | m 26 36t whieBapdhivel Jefnd soraioRag 1 bid ffrent
Watdiksgthd lighti@nsepanRg;| ow pass filter to optim ze

sai d cal cul ati ng an oxygen saturation. 14. The pul se
oxi net er ot figdt owipass fillsengi n: the | ow pass filtering

wei ght associated w [ [ i j .
ased on atPPog Tk ey lapPbbll o) Ao RATTRAIA s Elow s e
quant i fi esahbndlizefewrplad-16 eait @etectl faaiotmakxiag ezidevaveiorms

relative to a pulse-rate estimate. 15. The pul se
tnaradecernosmalizedi WaveoTier ei n: a | ow pass filtering

wei ght for ' ss filter is based on a
frequency ?g |°gdr§r§‘t9??% ﬂdﬁﬁcﬁ%ﬂv\hi ch quantifies the
frequency-content of said waveforns relative to a

pul se-r at eaeskygeatseturdiimn caleulaiar, conpldd éo areputput @f said second
Rati o-qf - Rati os variance nmetric.16. A pul se oxineter

{5¥ PHEARH ni ng oxygen saturation and pul se rate,
conprising: a detector which receives waveforns

correspondiiBg t ohkpelsébkintrarf cyamalenghdiscoaiprisinght

froma patient; a first Iow pass filterjng and )
ensenbl e avdergesaid lovpass dilierstase senftayred lorensemblsR¥eragyusing
an.. ol tR,ut 9f, said first |low pass filter
variable Weights;

a signal quality metric calculator configured to provide first metrics for
said first low pass filter to optimize said calculating a pulse rate, and second metrics

for said second low pass filter to optimize said calculating an oxygen saturation.

14.  The pulse oximeter of claim 12 wherein:
the low-pass filtering weight associated with said first low pass filter is
based on a frequency ratio metric which which quantifies the frequency-content of

said waveforms relative to a pulse-rate estimate.

15.  The pulse oximeter of claim 12 wherein:

a low-pass filtering weight for said second low pass filter is based on

a frequency ratio metric which which quantifies the frequency-content
of said waveforms relative to a pulse-rate estimate that metric, and

a separate Ratio-of-Ratios variance metric.
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and ensenbl e averager; a normalizer coupled to said
detector for normalizing said waveforns to produce

wmoerosmsioged wavef orns; a second | ow pass filt ePCHOB2005/007388

ensenbl e averager; and an @Xygen saturation cal cul ator
coupled to an output of said second | ow pass filter

and ensenbl e averager. 17. A nethod for processing
signals in a pul se oxinmeter to determ ne oxygen

sat urati ong CONRri,&kRYim b MR MReES i
correqund]f6ng ?%p;uwlg%gl f%tgl(r:@nt wavel ené‘?gg?’sé%‘mrla}l%%?ndpulse
fatsp norapyising:ent ; processi ng a new waveform after a

pul se period tri r.to ensenbl e _avera i: .

P st or | oal s SoiRRR TBebER L ih o SR it owo differen
Wavddt® dtilfchefrémfd f@i d historical average waveform
by nore than a predeterm ned threshold, interpolating

bet ween t hafirstlownsssidiering Aad enfemblasavsragstl aver age

Iy stori cal € BYSy i el SELED 4 ool sa A IplRss e

i oMb@nlenveapel; first few sanples are four sanples,
and said interpglations are at. 80% .60% 40% and 20%
&gavefoorms

of the di f#Beidicctrauptediio sHE IRERIORARTAOEPAIZRE ST
I bR GBtmANRE 3R HRHES or m

a second low pass filter and ensemble averager; and

an oxygen saturation calculator coupled to an output of said second

low pass filter and ensemble averager.

17. A method for processing signals in a pulse oximeter to
determine oxygen saturation, comprising:

receiving waveforms corresponding to two different wavelengths of
light from a patient;

processing a new waveform after a pulse period trigger to ensemble
average with a historical average waveform; and

when said new waveform differs from said historical average
waveform by more than a predetermined threshold, interpolating between the new
waveform and the historical average waveform for a first few samples of a new,

composite historical average waveform.

18.  The method of claim 17 wherein said first few samples are four
samples, and said interpolations are at 80%, 60%, 40%, and 20% of the difference

between the new waveform and the historical average waveform.



