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[0004] The llght scattered through the tissue is selected to be of one or more wavelengths

that are absorbed by the blood in an amount representative of the amount of the blood
constituent present in the blood. The amount of transmitted light scattered through the tissue
will vary in accordance with the changing amount of blood constituent in the tissue and the

related light absorption.

[0005] For measuring blood oxygen level, oximeter sensors typically have a light source
that is adapted to generate light of at least two different wavelengths, and with photodetectors
sensitive to these wavelengths, in accordance with known techniques for measuring blood
oxygen saturation. A typical pulse oximeter will alternately illuminate the patient with red

and infrared light using two LEDs to obtain two different detector signals.
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signglgeperatedibyapfiotedstpstor in a pulse oximeter sensor. The signal component of the

sensor signal is measured by identifying potential systolic transitions of the cardiac cycle.
The systolic transitions are detected using a derivative averaging scheme. The moving
minimum and the moving maximum of the average derivative are compared to a scaled sum
of the minimum and maximum to identify the systolic transitions. The systolic transitions
correspond to a signal component of the sensor signal. The signal component is compared to

a noise component to determine the signal-to-noise ratio of the signal.

[0011] The present invention also provides techniques for reducing power consumption in a
sensor. After the signal-to-noise ratio of the pulse oximeter has been determined, the signal-

to-noise ratio is compared to a threshold. In response to the output of the comparison, the



correspond to a signal conponent of the sensor signal.
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DETAILED DESCRIPTION OF THE INVENTION
[0018] The techniques of the present invention can be used in the context of a pulse
oximeter system. A pulse oximeter system receives a pulse oximeter signal from a
photodetector in a pulse oximeter sensor. Figure 1 illustrates a block diagram of pulse
oximeter system according to an embodiment of the present invention. The pulse oximeter

system includes an oximeter sensor 101.
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[0024] Pulse detection block 102 then compares the amplitude of the systolic portion of the
pulse oximeter signal to a noise component to generate a value for the signal-to-noise ratio of
the pulse oximeter signal. Subsequently, threshold comparison block 103 compares this
signal-to-noise ratio to a threshold level to determine whether the signal-to-noise ratio is high
enough such that the pulse oximeter signal can be used to accurately calculate pulse rate and
oxygen saturation. Too much noise obscures the pulse rate and oxygen saturation
information in the signal. Noise can degrade the signal to the point that it cannot be used to

accurately calculate pulse rate or oxygen saturation.
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[0029] If the signal-to-noise ratio is less than the minimum threshold level, threshold

comparison block 103 sends a signal to LED drive interface 104 to increase the LED current.
Based on the value of the signal-to-noise ratio, the threshold comparison can determine how
much the LED drive current needs to be increased to increase the signal-to-noise ratio while
maintaining the signal within the minimum and maximum threshold levels. LED drive
interface 104 responds by increasing the LED drive current to the value indicated by the

threshold comparison system.



exanpl e, the noise in the pul se oximeter may increase,
or the strength of the signal conponent nay decrease

wo booshg2d ood oxygen saturation of the patientPCT/US2005/006208
decreases. In any event, the system of Figure 1 senses

de of. the lse o rrete nal
(PR T ek Jae CoRtindqbEnRo ore the iamal- e Peariaog e puse
oxiH&téSdighdl ahd @ nﬁeﬁlydc?hsﬁ‘soﬂhé € B @ dutrehEostiltth@gighd)fo-noise ratio
m ni mum t hres ld lev t hreshol d conpari son bl ock

is msteémmhemmn@nm thresholiéevel. | Ve Minisnmubeeshold indicates a minimum

allb&%l@%ﬁxgtt’ﬁlgtpégl%at oq nsie (?EO%QV}}]%}f @'ag)ui’s@'r&@ a% therl)g(ygen

arison can

satde&tehnsumeehcnuratughalcbmddED drive current needs to be
increased to increase the signal-to-noise ratio while

iy Nt &
(00 B ghab A nis OB (Ao e MRl Al SR e chold
leviels; theasimetet $yatentMathtainethe WBTedtive curtdne atvaasdtatde value. The oximeter
I ndi cated b e threshol d conpar.i son s e 0030 .
SYSHIB AR5 C ‘“ﬁ BBB‘“&B‘H? H’ﬁ&éﬁﬁ’é -IP-RYRE 1RGP §¥ﬁ}?é’m“[e OXImL‘er signal
mc¥ed Bﬁ‘ﬂsm‘é%é‘ﬁhg of Ak 'tl'Qeé?lfolcfshQ‘hBylﬁ%x‘i’%bt@?ﬁy@fen?bﬂ‘ﬂ@ re@@rg invention
dynam cal justs the LED drive current” until

contaignal dynmnwd’pe@aplatqw as shcgvxeat Bigurehla nThehdynaimig fmduback loop

h | Th di cat
auleMERARY S s Syt o LD E R Rt et BiRippipp in the
serisef avdioGhaihfath e siRal @i tatié Btar0acrgRAbIS vl BF Y puedte of

be accurately calculated. [0031] If the

acqirgiaky cajeylatiog dloodxygerr satyrstioselelielen the maxi num and
m ni mum threshold | evel s, the oxi neter system
[0082] nt Adcosdihded d,;EBfaihred\emb@drm@m of die paes‘ehahbamtml the harihere for the

OX|neter syste i nt.ai ns equi unt.i
seryp dhRylse detfigiondlock 102 Teniang a;mF%h« aﬁg]rﬁlév%@shgq Rtween the power

thdl R EEP N f(M%eﬁﬁB?s tB & #¥ tht PEDs 8 @le98diatlll Hﬁtﬁutaﬁower actually

oxi met er system of e present invention contali
geubratadrby thieclclPacRy pmypdlag aphalietable rdIathmshipbethdw the input and output

ot MReediiick FEPLERDN HRTL U0 Ma oD EHL Teioh PR gulse
ox TEAGNigralfh dighifTBdrifllydésd it réjuskitd) lebexBOhtiohis bRtHeQeAlb. an

accept abl e | evel for the purpose of accurately

o)A U OB BR AR RSP i B0 fonen

gemdi}a/l%ﬂinbﬁﬁsestfmerhﬂirdt\ha h6isé 6mpitens €t Yéast 10 apdiitebelow the highest gain
detection_block 102 paintains a predictable
sethipgs)t 18p eHeqs thad ingseasingthe gynef therpudse gxpmegter gignal bas on the signal-to-

n
noi%% %ﬁfm}nﬁ gﬁxﬂ%ctughg {ar}{ %h%lgﬁ g%gtnié d‘?tgo@ ﬁeft{l@l%éﬁggﬁﬁ&gs of gain may
cayse cm/orel noge & py predsent abthe polse akmmmrrsugnab eThereford, kh}: gaipstages in the
pul%er:] getggtgo%l'glock preferably take advantage of characteristics of the gain-to-noise

variability.
[0034] For example, the signal from the photodetector that is sampled using an analog-to-
digital converter is fed into a gain block. The gain block includes several gain stages to

achieve a known response. The noise is measured at each of the gain stages, and then stored

for later use to calculate the signal-to-noise ratio.

[0035] Techniques for identifying the systolic portions of a pulse oximeter signal generated

by an oximeter sensor are now discussed. The systole identification of the present invention
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pulsg .et‘frd‘f%’?f‘s%wg sb’ﬁ@ ®novi ng maxi mum and the novi ng

m ni nrum of the output of the third step is found at
[0039F p The4wo predstesmirRgSract gl swres tarebrsseldctaddo e eny suitable values.

det e hy .C ar i t hi m and novi ]
As RS xS QR Rl i tertte e e Bl ctite gl & entering
sysE1¥ il thehfiiniBuaNRQati v Guthil eeSinssUBsGhard tr% BRWuRDof the minimum
m ni rum and_ maxi num val ues can be a fractional sum of

and Maximum MAYINEAYCrAERS ellthe Hutd siageaAsrangthst exapadg]theystem can
detiar acgl}"{)&k rBu?slét w’x?tgxf s1§rtxaef Rs &thgbs%lcs\%@&'hé nglpu?rrl]um derivative

sum o
output becomes more than 1/8 the sum of the maximum and minimum moving averages of

the third stage. These two examples are not intended to limit the scope of the present

invention. Many other fractional values can also be used to identify systole transitions.

[0040] These techniques of the present invention can detect and qualify pulses using CPU,
RAM, and ROM efficient algorithms. Minimal processor resources are required to perform
oximetry calculations with a comparable level of saturation and pulse rate performance as

prior art oximeter technology.

[0041] Example waveforms for the results of these calculations are shown in Figure 3A.

Waveform 303 is an example of the derivative of a pulse oximeter signal. Waveforms 301



maxi mum and m ni mum novi ng aver ages, the system

determ nes that the pul se oxineter signal is entering
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of the next pulse.
[0046] After the systolic period has been identified, unique pulse qualification tests based
upon typical physiological pulse characteristics are applied to the systole pulse at step 206.
The full pulse qualification tests remove false positive systolic detections (e.g., the dichrotic
notch) and pulses that have an inadequate signal-to-noise ratio. False positives are portions
of the signal that are falsely identified as systolic transitions in step 205. Pulse qualifications
are used in step 206 to filter out false positives identified in step 205. The steps of Figure 2

can be implemented in software or hardware.



third stage. Figure 3B al so shows an exanpl e of

waveform 312 that represents 1/8 of the sum of the
woreovsosezw@and nmexi mum novi ng aver ages of the t hhPETIUS2005/006208

stage. [0044] According to one enbodinent of the

S i nvention, wavef rns 312 re conpared
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i'ons”are conpari
sigh@eci al pul se characterlstlcs to detern1ned threshold
val ues. For exanple, the pulse qualifications conpare

[0051] According to one embodiment, the noise component of a pulse oximeter sensor is
calculated in advance using a separate instrument that measures noise in the pulse oximeter
signal at various gain values. The measured noise component is then stored in memory for
later use. The stored noise component is subsequently compared to the size of the systolic

pulse for a particular gain value to determine the signal-to-noise ratio of the pulse oximeter
signal.

[0052] According to another embodiment, dynamic measurements of the noise of the pulse

oximeter system are made. These noise measurements can include electrical noise, ambient



systolic area, width, and nunber of sub-peaks to fixed
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periods are identified. The systolic periods represent

[0084F51 TR@bresETRAVRIbN Bhs thE AdPAHL SR oP XM fee Bdtvo eXdtftions to
signal -to-noise ratio of the pulse oxinmeter signal is

acquiP end mauaip yheovygan satyratine of thesiggahthan mahy psipsab techniques,
rl.od. t i g€ onent. th | se_oxineter.
parffdy ' B b R B RT B Mo koot o0 et

sysRaisphe@/BDO4re dripen 8/thaXarge tafrer@eairiahe psls€ akigndtetsishal fills up its
advance using a separate instrunment that neasures

e
entigg system AyRageiC sangse Thgiopneer signghexcesds the sysiers’ sgarrgnt dynamic
raniE44 6 o, RSB Y08 GEMAREN  STEUOARPTRL dibiine
invalubs gplle nA dditiomatsenve dxtamtibhears irapured td recacsut the signal. While the
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serly 5 R peu0er b SEPATEGH if SqUREH NG PeGsiPife Herc e giRaFannot calculate
pulieoxgé?dr oRGEEH SatidrPd A8 abhtthe Sﬁfé@ Qkiﬁﬁa@ér’siﬁmﬂ am ¢

measurenents of the noise of the pul se oxineter system

e . Jhese noi asurenent s n.include ..
1003515 BR e ot e TR TR E L u Bty s in the present
invériti@ht Thadghahiciengeis gfeadly intbédsedelABd 36 theldyzel dfehe pulse oximeter

patient. The dynam c noi se neasurenent i s update

signadherage tha sendh hagbacs greatiyaedysed hy cuiting bagken thg L&D drive current.
0Xi: . i . o . .
TSR ELipBATaA how MoltPRGL i Bl RS RIPAAGM: tehge withoptpequiring
addittonal seihe elegutidnstod charigeeto the ILEDodettinps. putheeresenniat ertion, the
[ | .
pati%rlltgcra]lg move around vigorously without causing the servo to execute in an attempt to re-
acquire the signal. The techniques of the present invention can allow an oximeter system to

be much more tolerant of patient motion.

[0056] Pulse detection block 102 can include a transimpedance (I-V) amplifier or converter
401 that converts a current signal from photodetector 112 to a voltage signal as shown in
Figure 4. Ambient light in the environment adds a component of DC bias into the pulse
oximeter signal. This DC bias shifts the pulse oximeter signal higher, closer to the rail of the

dynamic range of the transimpedance amplifier.
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[0053] Once the signal-to-noise ratio of the pul se
oxi meter signal has been cal cul ated, a determ nation
WO soosmgr4@s whet her the signal -to-noi se rati o Pel/S2005/006208

wi thin an acceptabl e range. The acceptable range is
0

ected based on the relatjve noise conponent for .
Ly fféﬁr@ng ¢ B Fape @ease?fighﬁprgm TEReR 2R dnplgederdigital (A-to-D)
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i) OF Al ' ' ' resence .
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meaREetenl AR 2l 5o 1 detoryiBingsa seeRl R FRpditiaf Msgsde clectrical
an@ bl nbiSe, MetecBYRIrhRIngs intthedigldr #id delt8ifXpARInEmotion.

cannot cal cul ate pul se rate or oxygen saturation data

m i_neter signal . 0 On t,he qt her .
oS5 g B 31 s TR P i Bl S nt oin any
dedifed tniehnpr ©3RO¥Ide theadhiifbus TRaItRJRed), Ecal-ARRnéSuRhRAL bfthe

I ncreased rel ative to the size of the pul se oxineter
ambjeghhght agd othes BoISH EOUIFesN FoT PR ORe gecgmdl aneripfiared & EBycan be
rrL i .
b GR0H 8 o1 LN SHLE TE) LB AR D ot e
redr i) e fivantdlinfrired €I on,nigendtddth LEDs aff, denvved EKPi dndrisfraed LED

changes .to.the LED settings, hi the present invention
off{HE TBRGABREn @%Sﬁﬂﬁ%car'*a@ﬁathﬂ FOBIR PY B Wune dnfigph HED can
be gl!f@lr}lﬁlelry\f@lﬁl'é@ off &ﬁ& Bifos 'f&lc?«'ikt: ﬁégtl%m*ontaﬁd LRRTOVLED thn en both

i gnal © The techniques o present invention cd
LEBXs logthen red LEBt off angd/infraredtLEID en,rtherhboth L &EDsad f6 ithemt red LED on and

. pati tjon. [.0056],.Pul se det.ecti on bl ock 102. can
inf{fk 512 o blecfhop e it Sabuse” TheipAtem G caplss Ay are not
intehddd tdRihitGROYRPE Bf thePréseRThvéntignal from phot odet ect or

112 to a voltage signal as shown in Figure 4. Anbient

i ghte- | ' : f bi '
OB B BETET 5 AETIBIE B Pyt
amplifeer@OR s Maulavert 410 dengidalatesiti€ignal Gloasthie photodbrectorinto separate

of .the
red and tmfrared components. The demodulation function can be performed in the digital

domain using a software or firmware program run by a microcontroller. Further details of'a
Multi-Bit ADC With Sigma-Delta Modulation are discussed in commoﬁly assigned, co-
pending U.S. Patent Application , to Ethan Petersen et al., filed concurrently
herewith, (Attorney Docket Number 009103-020300US), which is incorporated by reference

herein.

[0061] As will be understood by those of skill in the art, the present invention could be

embodied in other specific forms without departing from the essential characteristic thereof,
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dynam ¢ range of the transi npedance anplifier.[0057]

According to an enbodi nent of the present invention,
w@mooansd2eg-t o-di gital (A-to-D) converter 402 seampis®05/006208

t he out put signal of transi npedance anplifier 401

duri.n ti.me when ei.ther. LED 110- is.on or off to
AGsPi{e ¢ EFade Orrerip b M Be i sirate, GR pidmiting, on the
scapEufend invedin vaRieh & sed Rirfhein tafol16®1rS didihR, sensor 101

This feature can al so be used to provide information

t jtu i gnal : of A-to-D. _.
1031, I TR B BinaphéiuSintifs RleeliOfoRER B2 Rl s in Figure
4 danyeiitpleehtedrin AystemEothomnmen E@lﬁe é-hetes sigembaTkese components can

t hrough _gain control feedback | oop 403 and used to
reduge gheestieht eldinissonisianalsdean othst typespissenpgnssianwell.
anplifier 401. For exanple, gain control feedback |oop
403 causes the transi npedance gai n of transi npedance
anplifier 401 to increase or decrease to reduce and/or
accommodat e the effect of the environnental DC bias on
the signal. This real-tine neasurenent can al so be
used for determ ning a sensor-offcondition, neasuring
el ectrical and optical noise, detecting transients in
the signal, and detecting patient notion. [0059]
During the normal operation of the sensor, the LEDs
can be pul sed on and off in any desired nmanner to
provi de the continuous (nultiplexed), real-tine
measur enent of the anbient |ight and ot her noise
sources. For exanple, one red and one infrared LED can
be alternately turned on and off in the follow ng
manner: red LED on and infrared LED off, then red LED
off and infrared LED on, then both LEDs off, then red
LED on and infrared LED off, etc, repeating in this
sequence. As anot her exanple, one red and one infrared
LED can be alternately turned on and off as foll ows:
red LED on and infrared LED off, then both LEDs off,
then red LED off and infrared LED on, then both LEDs
off, then red LED on and infrared LED off, etc.
repeating in this sequence. These patterns are
exanpl es that are not intended to limt the scope of
the present invention. [0060] Sigma-delta nodul ator
410 al so receives the output signal of the
transi npedance anplifier 402. Mdul ator 410
denodul ates the signal fromthe photodetector into
separate red and infrared conponents. The denodul ation
function can be perforned in the digital domain using
a software or firmvare programrun by a
m crocontrol ler. Further details of a Multi-Bit ADC
Wth Signa-Delta Mdul ation are di scussed in conmonly
assi gned, copendi ng
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U S. Patent Application , to Ethan Petersen et al.,

filed concurrently herewith, (Attorney Docket Nunber
wWO@oB50824020300US), which is incorporated by redBUS008006208

herein. [0061] As will be understood by those of skill

[ r he, present invention could be enbodied in

othef g'ué‘&l}’lfgid:&.'orns W t hout departing fromthe

essential characteristic thereof.Accordingly, the

f or egoi ngi. descA ipplsk BRimdberisPit@n@Behptidinge i1 1 ustrative,

but not limting, on the scope of the invention which

i s set fdrdriveiipterfiaec thal qoptiplsgiriye shment of dghtymiting elements in a

c onents in pul se detection block 102

pu?%%%?tgr%&ﬂg%grﬁ Figure 4 can be inplenented in

systens aifeedbatkfsdpridusled aroufi@ tieipulseix@i®ter SoneSeand the drive
conponents can_reduce the effect of ngQise in signals

interfacs thatmamely adrusts dhpsdive cagrenienf|theght epritting gfqprgnts based on
_ . et st Ccing: a driv

resule ofp cOmPHIRR HRNL PR aerR) L A AND bf & A} oBitidr Fpnal and
threshdld,i ng el enents in a pul se oxinmeter sensor; and a

f eedback |.oop coupled around the pul se oxi neter sensar

and t he QVISPn TR e QM EIRnIERR) S gAnEEfad Pyt phipdeleaiar in the pulse
oxfHhétdesepsdrr ent of the [ight emtting el enents based on

results of a conparison between a signal-to-noise

ratio of a pulse oxinmeter signal and a threshold,
wher ei n tthe pihs@ubsgiorimeter sybtgmats de§nefbimenlaimeliwhgrein the feedback
ho . I.n | se | er_sensor. 2...The. .
1o LGS L efiph DR R Cpr I ehend ol i T Signal-to-noise
ratidéf the palseckinl v Rignalis @geatdd €hailrd Mexifbd @ibdshold, aMEthe feedback loop
light emitting el enents to decrease if the ) ) )
cause) Hig drivg-cHapatof thy hight gmitting elsments to increase pf dieigal-tosnoise ratio
r DA TR, he feedback
Ofﬁ%ce}gﬁ%éﬁg@g@{ ﬂgﬁ%;{% ve C%Jllrpé gﬁlﬁmé’?n% ﬁeﬂf)lltdght emtting
el ements to increase of the signal-to-noise ratio of
t he pul s8. oxi nElieepulss quumkter systepsss ddfmed @ cfam dnwherein the feedback
1 théﬁﬁ?o' d. 3. The pul se oxineter systemas defined in
o TCUHEPE n the feedback | oop further conprises: a
pul se detagfulseQRtcRliOE Klotib tat CaABattAIE SighBto-noise ratio of the pulse

signal -to-noise ratio of the pul se oxineter signal;
oxpmgier signal; and

a comparator that performs the comparison of the signal-to-noise ratio of the

pulse oximeter signal to the threshold.

4. The pulse oximeter system as defined in claim 3 wherein the pulse
detection block calculates a moving average of a derivate of the pulse oximeter signal to
generate a first output, calculates a moving average of the first output to generate a second
output, calculates a moving average of the second output to generate a third output, and

identifies a moving minimum and a moving maximum of the third output.

5. The pulse oximeter system as defined in claim 4 wherein the pulse
detection block compares the moving minimum and the moving maximum of the third output
to a scaled sum of the moving minimum and the moving maximum of the third output to

generate a fourth output that identifies a systolic period.

13



a conparator that perfornms the conparison of the
signal -to-noise ratio of the pulse oxineter signal to
wo besosmeshol d. 4. The pul se oxi neter system aBCTES10080)6208
in claim3 wherein the pul se detection bl ock
cal cul ates a noving average of a derivate of the pul se

oxi meter ,sign to,generate a first .output,. calcul ates

a novi ng 6Zver gllélg Pgls toﬁgn%f”?sé'tmwsd{? n ‘%Pngcé?fg} gtw&egem {fié pulse
oxfifi@enlsert flkdrs oGefakl padifesrdii e BuAN Bﬁt@GEusﬁxﬁdg piit€e qualification

second output to generate a third output, an

testyfiorgen¢raies: agnabeomponenhphtherpalse oximaberisignalaxi num of
the third output. 5. The pul se oxi neter system as
defined i-n cl & ' I i l.o¢
conpar es 7?he ?él\g}p ﬁgw%?ﬁ%}rr%}g%gp#h%ﬁﬂg@@%&hngg r}ri?ﬁl%hﬁg%he pulse
oxtrhlgeﬁ dr”]y'btredl cipards systolc aea) widtls ami abmbéreofrsnb-pegksin nherfonrth output
nd the vi ng maxi.mum of the third output to nerat e
to §r¥ gupehe ubqaRArE KRR gl(gwl riod sipsp .1 the fourth
ou ?tooéékoc’r?ihlgﬁsgﬁggrcoﬁ%%feg g}'ﬁéli(gaefrteé A&Pwidih & @bk prea and width;

erern e oxI net systemfilters out false
compaiiet pules arfer and width te ttdtheshqlds. usi ng pul se
qualification tests to generate a signal conponent of

t he pul sg oxi neter,signal. 7. The | se. oxi.nete .

system as” def :ﬁg (ﬁmlsﬁ Ogin%ﬁt?ﬁ Sé/smleqsg%ﬁn?ﬁlg %ﬂpséwrherem the pulse
ox%t&@y@t’én%pﬁf@s@ﬁﬁbﬁé 8%a SVidth lah€ nanBeér, o WublipBaksdh ehe fourth output;

nunber of sub-peaks in the fourth output to first

diastolis grrgl widthcanghmambsr of subtnspkeinghe fourthjoytmut; andpulsgraprarand width

- . the fourth output to second
toﬁ]dregéséﬁegﬁlggﬁi%igrgr%ar es systolic area and width to

di astolic area and wi dth; conpares pul se area and
wi dt h t o9t hi r @ht Ipnkse orintkter systeihtes defihakinataimed wherein the pulse

system as defined, j.n clai wherein the pulse.
ox B HemBPTgyrCoRmt edsijoal Gudlfalins tes T Echestia i sigcomponent by
coﬁﬂm?g’thé’flagaleg’d fRe %étweantimaré@gmwdawtwahd JERFUIN detection,
, and nb f sub-p f th

area, w dt number o eaks in the four

compamg pulsarizepol qualified patsds,womphringa blatigically eignifisant coefficient of

lses. 9.. The pul se oxi er st em ined.in
2 oyl et & nE st ondlE T B the G s to thresholas
and66thparipad saditatidd fafRdf Hanpewlthrekolgener at e t he signal
conponent by conparing the lag/lead tine between

infrareddgulse detection and red pul se, detection

conpar i ndVpul d8¢phlse oxnelergysrmras dgfipgd | ,lmc@}‘fbéﬁeifﬁ&e pulse
oxﬁ?e?ntlél%gféﬁl' &?{Ha}'essth@ﬁéﬁdl %Qﬂgcérgéﬁgé{ %.Agéetﬁt%%lﬂ&f nﬁ?é’&ﬁﬁpcfdeflt to

ot of "a novi ng aver e Infrared and
caltiileterthbelsighajtadnoise watidar eshol ds,

11.  The pulse oximeter system as defined in claim 6 wherein the pulse
oximeter system compares the signal component to a noise component, the noise component

being obtained by a continuously updated measurement of noise in the pulse oximeter signal.

12.  The pulse oximeter system as defined in claim 1 wherein a reduced
amount of processor resources are required to perform oximetry calculations on the pulse

oximeter signal.

13.  The pulse oximeter system as defined in claim 6 wherein the pulse

detection block detects and qualifies pulses using CPU, RAM, and ROM efficient algorithms.
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and conparing a saturation rate-of-change to

threshol ds. 10. The pul se oxi neter system as defined
WO mooshsa2mo 6 wherei n the pul se oxi neter system BONPS2085006208

the signal conponent to a determ ned noi se conponent

to calculate the signal-to-noise ratio. 11. The pul se

oxi et er 5y st a5 460l Badil Do &l &1 B SRk ARE oxi

pul se oxi et ef® SYSPEAYTISHEANLROY A SR IIAICNdB AFE R S impger sensor,
theem®thbs eomprigiagent , t he noi se conponent bei ng obt ai ned

by a conti nugusly updated neasurenent of noise in the

pul se oxPFRMEPE diiynaurrent to light emitling glegientpan dhe RYJsq @yimeter sensor;
@S defined in claiml wherein a reduced anount of

processor resources are required to perform oxinetry .

cal cul at ideteamming hsigpallts-aoBx ratpicdra pilgraimetéSsigidlgenerated by a
phgtul se oxj neter sgst emas defined .in claim6 wherein

H_@etE‘E}P"s’é‘ thepwss ’HH’eEﬂré?ﬂ?OH_éf‘%ct s and qualifies pul ses
usi ng Cpgynﬁﬁ%ll)?ér‘]kgus?%ﬁg drive RitfenfdARE liéﬁ\@nif&é’rg efements based on

met hod fof reduci r consunption in a pu
resolts ot emzEissn betwiekne thessi gnaHtosorpr iatio 0fj theprudsei akimeter signal and a
dri current to light emtting elenments in the pul se
t}“s%"ﬁﬁter sensor; and determ ning a signal -to-noise
ratio of a pulse oxineter signal generated by a

phot odet ¢§t or The niditediid|defin&ixinBRLi@r 1 4SeiGein,dyamdically adjusting the
dynam cal | y ,ad%us_t ing the drive current of the |ight
driggrpyreent gf Giedighhemithugelements fsther eempsises: conpari son

bet ween i . 0- NOI i o) ) )

ol ot o feaSin Y o QRO (el (e 1iafe At clements if the

si ggﬂ_ftbmbﬂseirﬁti@bﬁh?pﬂlﬁe Wfaije’(eﬁérrsi gﬂl_)lhia m'ss ﬂidln)a ra'diima?i thga;hd’l&; and
rrve current.o t he I g t emt Ing e enments further .

conpr i sedecreasitedhe AHYye eHEenyproyided (9 therdishhemgifting glemgnts if the

sigﬁﬁﬁolﬂo%tratﬁf@f the gglsg biRrSigdnhl s 2Feabdr 90 & fh@xiRRin? freshold.
ratio of the pulse oxineter signal Is less than a
m ni mum t hreshol d; and decreasing the drive current )
provi ded16.0 t Bbe megjtod asdefinddrig climridnwheréin detegmining the signal-to-
noiSi gan.alo- Eo- n gesoe . gtei o of1 f hli pul S8 oximeter signal is
Eﬁ 5 e|f }_fehpa a_’WRxﬁ helEt I’W% hP P _iebs; The net hod as
defined tdlcwhtiga hovikgaierape 64 €driviatdl 6T3hé pase oximeter signal to
si gnal -t onoi se
generate a first output;
calculating a moving average of the first output to generate a second output;
calculating a moving average of the second output to generate a third output;
and

identifying a moving minimum and a moving maximum of the third output.

17.  The method as defined in claim 16 wherein determining the signal-to-
noise ratio of the pulse oximeter signal further comprises:

comparing the moving minimum and the moving maximum of the third output
to a scaled sum of the moving minimum and the moving maximum of the third output to

generate a fourth output that identifies a systolic period.

18.  The method as defined in claim 17 wherein determining the signal-to-

noise ratio of the pulse oximeter signal further comprises:
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rati o of the pul se oxineter signal further conprises:

cal culating a noving average of a derivate of the
w@poses net er signal to generate a first outpat/US2005/006208

calculating a noving average of the first output to

generate : % ' I :

o the. sdneRTE R TR bBYlive R AL AR o BfTE K e AUER Hiication
testdtergenérgieragsignatroompaonent of the pulae dximetensigngl. maxi mum of

the third output. 17. The nethod as defined in claim

16 wherei,n determning t signal.-tonoise.rati o.of the.

pul se oxilﬁet eminﬁfgf‘pﬁsﬁ?‘ﬂ%‘# H’ccg?fﬁlr f@gé@re% %{mlwag{ﬂ}?eslg”al‘to'
nof¥8 YAtROo fth& pullséTd ARféter BRnADHAS JdoRpridbyn of the third

output to a scaled sumof the noving m ni numand the

nmovi ng megngamngHthe signak ¢omponeutitp adeteommed srcasecomponent to

fourth output that identifies a systolic period. 18.
callelé[erFE? ﬁlgaﬁgg'ngésfeirﬁtéod in claim17 wherein determ ning

the signal-tonoise ratio of the pul se oxineter signal

further QonpriThesdthdd Brdefigedintcldial Bewhasintdevemiihingthe signal-to-

the fourth output using pulse qualjfication tests to
nog reitoldhepulsgermetss SigBRHIth G ComPESERIl se oxi net er

si gnal . 3 ' [ ' i :

et or i nRgPTn SECHAR ERai5dnbBeSpRApIdE JAZGRH noise
compomeit erobdainethby 4 corttineoustpupdatsiancasormeat dfugpisdia the pulse oximeter
. signal conponent to a determ ned, noise conponent to
sigak cul ate the signal-to-noise ratio. 20. The method as

defined in claim18 wherein determ ning the

si gnal -t gnoi s mathod féXf idédiByiRgls§@ooiramitRins $h 8 Palse oximeter signal

further conprises: conparing the signal conponent to a
gepgsaied by @ PPlsa entmetoriensorthe methadi compeisgonent i s

noi oo | n RRARP AU Reihe B EER A S URTRNG fimeter signal o

genddgehiffitiougpusyst ol ic transitions in a pul se oxinmeter
si gnal generated by a pul se oxineifer sensor, the
met hod c6ApYRURSY MoveAYLEREE AGths fBhAURY! &, 8FngEe g pecqnd output;

derivati ygchit e nRVingeverizlBE fife sSéddutgu? to generate a third output

identifying a moving minimum and a moving maximum of the third output;

. comparing the moving minimum and the moving maximum of the third output
to a scaled sum of the moving minimum and the moving maximum of the third output to
generate a fourth output; and

filtering out false positives in the fourth output using pulse qualification

routines to generate a fifth output corresponding to a systolic transition in the pulse oximeter

signal.

22. A system coupled to a sensor, the system comprising:

a transimpedance amplifier that receives a current signal from the sensor and
converts the current signal to a voltage signal based on a transimpedance gain;

an analog-to-digital converter that converts the voltage signal into a digital

signal; and
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generate a first output; calculating a noving average
of the first output to generate a second out put;
W@ adosisato ng a novi ng average of the second ouP@IIUS1005/006208
generate a third output; identifying a noving m nimm
and a novi i f otk ' : Noe r .
the movi ig ARG IS brchies s biat LBl indOARG figknityde of the
volagdedignal Grom the afsimpedanoé atmplfi¢rovhandight amitting elethehtsén the sensor
novi ng_maxi num of the third output to generate a
arg guetHiout put; and filtering out false positives in
the four t i : 4 Ea j j :
to_gener TS Pt aR e A T B B RN g dpack signa
to hecansnddatethé entirmnpentd ® Obiasren te witggasign?2. A system
coupled to a sensor, the systemconprising: a

t ransi npedance.anpl.ifier, that. receiues a.current .

i gnal T 2am ¢ HBeSEiEne dRbmadR o IR SE e ey gpise
oxlRetdr 6R4Jr3BRtaTi BphdesRian a transi npedance gain; an

anal og-to-digital converter that converts the voltage

signal into a digital signal; anda feedback | oop that

provi des 24. f edigsrHeniag dafinadria iclaimiZd JushsregmPISEE: of
the vol ! agsil@fidlor bl Bibiifiet HRAGIAPEIANCL AR tld fknal from the
ng elenents I n e o

when |ight emttl sensor are on
seidbf;, wherein the transinpedance gain is adjusted in

response to the feedback signal to accommopdate th )
envi ron wér?pmp_a@@rﬁb%om%eﬁ g"“’\ﬁbﬁ"’i’&é“%‘?@f?é‘lo.to a4hr e_ﬁel}?éd’ and
system ag f&tiNedadethi! BhiRdRArivEeleéd of IR 1HBPEMIttih clRments.

pul se oxi neter sensor contal ning a photodetector.

The system as defined in claim22 further conprising:
a pul se detector that cal cul ates the signal -to-noise
ratio of the signal fromthe sensor; a conparator that
conpares the signal-to-noise ratio to a threshold; and
a drive interface that controls drive current of the
light emtting el enents.
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