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OXI METERAMBI ENT LI GHT CANCELLATI ON BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates to
woxpesmszxg, and in particular to techni ques foPCamse®aNn06c336

light cancellation in pulse oxinmeters. [0002] Pul se

oximetry is typically used to neasure various bl ood

flow characteristics including, but not limted to,

the bl OWXTMETER%MBIENT HIGHPCANCETLATIONA!

bl ood, the volume of individual blood pulsations

supplylng the tissue, and the rate of blood pul sations

correspondi ng to each heartbeat of a patient.

Measur ement of BrACEGROUMNOIQE THE RV ENEIGNen
[00@@ fﬁer grse?q%g Qz)ép%?rb{?gﬂesato %g?r?ﬁlftgrr\é a%llfdvl{el ﬁéﬁ}ﬂ\‘?‘? éc\hl\fecgmques for

amﬂler&&igﬁt YAEEIRtDh 3R JulRe bk uselss.t he tissue, and .
phot oel ectrl cally senses the absorptl on of light in

[00(;1:‘%‘31C 1?1C u?x etry ESS tygmﬂﬂ 'ilse to e?gﬁ&%ﬂfigoe% ?lo%/h;%'é]ragt%ﬁgtics
incli@iag e dot aReS1o, Tﬁbﬁalbdxgbiyg%ﬁ aﬁttlﬁitleﬂ of herauglobinhia arterial blood, the
tissue i s selected to be of one or nore wavel engt

volurpg of individusk blopd gulsptionssupplying the tissHe,And ({hg rate otgblood pulsations
corrregﬂ% b Qgéhhﬁeagtf)eatt %‘? aRURHRL N&fas&glﬁelki’tl AMfesE %ﬁé%&t{eﬂ?:ﬁ:% has been

ese 1e anount transmtte
acc@rﬁplﬁslhedl Byl ubofigdn-invasive sssiser whikch soatiess light ﬂlrowgld:amaon of the

patléﬁé2@$éwﬁe??ﬂgﬁ ol 0L 00 OB LRt L, ey tion of
pr Pt gﬁg%g L:%Mﬁmh Sot foht SIRBARKISs HRY st/ &?Auhaxe BR%Mhount of

urce that 1s adapted t
blogbamsﬂhmtlbegigmeﬁsumi | east two different vvavel engt hs,
and wi th photodetectors sensitive to both of those

[000%]Y ETRIGEH ScatichedBFRIH ICEsUS {sleleBRWRo HeBhBhbIGRore M avelengths
measuring bl ood oxygen saturation. [0004] Known

thatrapmatisprbed iby éha blood iisan aropwd ecpesehiatize phtdie amosntelthe blpod

ortionof, .th d r .
confuByBRERA R LS, BB ao R EER el PO 5a R ol o s
willoRey inkREsidens Wish fRIdhesgals mhbﬁntkuf@md)d&nﬂsﬁthmﬁm &&uﬁsue and the

surface is readily acceSS|bIe to the sensor.

relatoddight ehsoemtion Hler Byepstsingblopdaxyeenienels sych qeﬁ%&rs hfhve typically been

N
wavieleaithe edndoiiet pho%d&démdhs sasitiveao baitieoftthoss wvklenpths, in accordance

ambient light, but some_ ampunt of anbient [ight wll
with Wvghqeplgmg,@s 'for measuring blood oxygen saturation.

[0004] 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.

[0005] One problem with oximeter measurements is that in addition to receiving the light
that was directed at the tissue, ambient light is also detected by the photodetector. Attempts
can be made to block out ambient light, but some amount of ambient light will typically be
detected. One particular concern is the light at the power line frequency of fluorescent or

other lights, which is 60 Hz in the United States and 50 Hz in Europe and other countries.
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detected. One particular concern is the light at the
power |ine frequency of fluorescent or other |ights,

wohniashng2=260 Hz in the United States and 50 HzPCT/US2005/006336
i n. Europe and ot her countries.[0006] Since a single

[0006]0t Ot 8 6ingle p}ﬁtddéwcﬁ‘oilhé wﬁ%&ﬂjﬂ usddhehellighbbf @iffferent wavelengths,
di fferent wavel engt hs, as red and infrared, i

'S
such awdmﬂtlm%aredeeﬁtlmﬁéulaeké@d ebhesieirrid sigral mpist be demultiplexed.

ol L O HIE RPUL bl S RIEN  Hg repuse

ratel Hdvevelwhvesing @hﬂﬁslltlpgaxmgdiaerqubnoyph @lsb mgpﬁcrtedqbp ttmyamts'ent light
al so i nmpacted by the anbi Ii, ht | ferenc One

interfgEqpee.j Ong rﬁéueals.ﬂa%@lw@%qu of b 3 fraqpeney. U.S.

Sy Sl B SES s

deperedieg dporgthe poouhthe aatienttintofferants dat¢ctéddtenttefreqoacy.
detected at each frequency. [0007] U. S. Patent No.

[00%885 2Pt RBUS §§§’,2 ?ygits&ﬁ@és' s‘ﬂgtréct%rakdaﬁt ﬁ@ﬁ&l (detected ambient

etected anbient I'ight) fromthe déetected

light) fhoralthe déiected kighd signabl Tisiscicbymplished hy lmmg hohl@ thegred and

e PR TN TN o -

conﬂ;oséch@f B8 Bmeht ligifHreBhEGAYe dertRtdde THR 6 itReh beﬂlib&a@t@@ from the
hen be subtracted fromthe desired signal. O he

desm«chs:gmaés Qstier sxemoples ofipateuts dealinghvitihihe z&mhi@mhghﬁ @ﬁ?{e are U.S. Patent
[ 471, No. 5,846,190 and
No. @%24738 Fo; 5546, F%é%‘i N ATERIOS N 6, 449, 501

di scusses using a notch filter to filter out_lin

[0008]e qUeth BptentDInets 449,50 hdiseusses using & pateh filferdadilter Suidingsfrequency.
Howg\LeQ gch? g’;.me}glﬂlr%r\ﬁiqu dEJ&ﬁbE&‘Feav %géfi‘ ko Rﬁ@&ﬂ%%ﬂdaﬁfnen‘ﬁh ?%equency of

erference ar noni cs
the bbﬁeﬂmﬁme&ﬁef@ce rléaﬁmﬁgehlghadaaﬂﬁomcpobihb powenligk interfesence as a
uncl ear . how iﬁ e int erfer?nce

can be filtered, w thou
problem; and it ds WekearBernyithe Indsifarencg qamby %ltﬂﬁet"ﬂ@wu&ﬁh &g
i
mofy Rl Bl A HaE 4% SR A e et %S@E R Us,
Patait ¥vak,SOBRBEFVISCIVMIR Y wofchrfikter VERTBKSNsizoalo9] The
present invention provides a pul se oxineter nethod and

appar at us whi CIBRIEFSIAMARY QF THIFINVENTEONat a
di stance between a denodul ation frequency and a conmmon

[0009] t Th¢ presént dwiention providsd apolee oximeter mf:tbq@ and prpprgtgpwhich

ol 01 LB I s n s commc
mulfi?%&@boﬁﬁﬁodl \Aﬁdwlmaﬁea@éxﬁw(m @0, B, 260 1200d al¥o (2) a

denmc@iﬁtiphd;gtelericl;vgfggtér%ﬂarf 2 ﬁlsghgslt lpgigg rétg gf g Ipclartsglg IaI’T logJer ?han any
harmonic of 50, 60, 100, or 120 Hz. The invention thus allows the filtering of a significant
source of ambient light interference, while choosing an optimum demodulation frequency
that avoids interference from the notch filter or from harmonics of the power line

interference.

[0010] In one embodiment, the common multiple is 1200, with the demodulation frequency
being between 5 and 20 Hz away from 1200, preferably approximately 1211 in one

embodiment.
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source of ambient light interference, while choosing

an opti mum denodul ati on frequency that avoids
wonw@rlszence fromthe notch filter or from haraomise®s/ 006336

of the power line interference. [0010] In one

[00ETDOM iRyftier abpRt SRABBIVeAlid, idetkesigimalsl 308mbisht lighithsre measured both
denodul ati on frequenc bei ng between 5 and 20 Hz a

beferesid aftensach péfh@ et gmiisp W@X?lﬁmtbff (red pnd) infraregya one em%odlment)
Instgg&) é’fi sn'ﬁg r?; ﬁuﬁ)gg iey Or?% El? ({5?1( he@%ﬁgl?% t\?}é géﬂk?g{aé]% 'vgﬁged and then

subbedted Gomndle aétfeetl’ed sigadl. afhid dfm?nﬂdngehes fora Naﬂatlomnahﬂm@t tight during
(red and infrared in gne enbodi nent). |Instead of
the §¢tﬁﬁ169 signpls resueing hegfeechet Raveer dige kntPré?fév@ oryay ofhgs low frequency
mtegféféﬁc%eve' s are averaged and then subtracted fromthe
ected signal. This conpensates for a variation in

anbi ent |ight duri t he detect.ed reduci,n
100EA) e 1o sned) phibe prie TR SHios BETEEERREH fgmaton are done
in tlfn{lﬁei‘gﬂgl%\{ndn{‘t B HRACR a c[th%@ﬂn 4 éhl@sél‘ﬁ‘i’é &?fheeﬁcﬁﬁ hd Rrdware, or

resent inventi on, di gl | teri ng and
in tlﬂaebEquomn the ﬁltehs REe pmlcxaﬂml ohi popit vdueajlorthmnmeméﬁtq chmeepond to an

eSS Pt R B A R0 B o bl M. This prloning
spe&{sﬁlpqaﬁj&ldvﬁq At wileRAilable bY@k bufPaisr the Fite€Or r espond
an estinmate of the settled val ue of the output at

Ezemﬂgﬁv Ual o HRIEE G RETIGN o IBHEoRAVAREETD TPoor
[00131e Fighteer is JEHRbEi RSN (Rl Sdinédkr ThtErpOREVE Ml Blvention.

Figure 1 is a block diagram of an oxi neter
[OOIiAQCgﬁ%ﬁoa%isgx%éggg%géﬁﬁie& Oﬂrdt?t?{cgrw% ?Q d}éétgpﬂjﬂlpﬂag%sem?one

embtithprtlodlthedifSeritionpimeludidzadhorenfiltat t he inventi on,
including a notch filter. [0015] Figure 3 is a di agram

144l u :
ool PRI 19 g bhakRe SR AL N8k BB st inn
embidiuere of thesinaerdioagr am i | | ustrati ng t he prel oadi ng of

the digital filter and deci mator according to an

Op{ is@f dibH8mAN et RRhe HMRBlob@Ag o PREAi &P ilter and decimat
[OO%CR PTI ON OF THE INVEI\I'I'%(]\IV%/eraI T “Syst ééf{n tlter and decimator

according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Qverall System

[0017] Fig. 1 illustrates an embodiment of an oximetry system incorporating the 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.
Microcontroller 22 includes flash memory for a program, and EEPROM memory for data.
The oximeter also includes a microprocessor 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



10

20

25

30

[0017] Fig. 1 illustrates an enbodi ment of an oxinetry

system i ncorporating the present invention. A sensor
waQoisstadeles red and infrared LEDs and a phot oHETASRM@E/006336

These are connected by a cable 12 to a board 14. LED
pro€ided e ACsepaid hdss 3P reevivde thelpyossddERXofimudén, iab vellfag @& eiving an

16. . The recei ved photocurrent fromthe sensor is
analpeoti gepd @niadingd 4 fowwomdém& yranaleg dsplay R and red

vol tages are then provided to a signma-delta interface
No#@ Hikeror porati ng the present invention. The output of

sigma-delta interface 20 is provided to a

RCT ) I t I :
O PO DS el ol 48 e 2 T signal o
be mhipeta&rd r:Y mmrmawtmﬂesna)frﬁlgurepr dihessioropedrepso? 4vould include a

derfreRip 85, vttt PERUTEROI G of Iy Dt i ciioton 46, as wel
as (Mi@ 6 Fbr & 1té1§ﬁ£rﬁ[§ﬁll§’cﬁﬂr otAh§ ﬁ@ﬁil@%ﬁ‘d bAstlatiksh 6fed$<§lg¥1?§turat1on as

he processed | nf ornat i on, as receivi ng
veahldh@glrsmgheaart ofnly the resl Q'Mmﬂfd s ﬁmn aften glqadﬁnmalamgn but a similar

Filter [0018] Figure 2 shows an
Chaﬁ?@ %6%[(10(1\'0{1’8%&??@@ nverter 40 which provides a
digital signal to be manipulated by mcrocontroller 22

[0089] FNgiahefilier 46rd@almwthdmwé@s mtem@mn@ Wh@h,uaéh%\Umted States, comes

ﬁorﬂq@%fjs;&@kﬁﬁ A%tre OWOﬂH% Etﬁgﬁ?ﬁg f éc? Bé\eﬁ:r{ @%tpg vEr ?eqmrements
Euxbb@@ﬂrcsothelr aréasQist 300 Hmpdndolgoaz, on cofnidremsiti [tﬁd)f550§160| 100 and 120
cal cul ation of oxygen saturation as is we known

I
Hz isni208/z. T podylationdepndiadthéy choserstodverhighar dhanthe hlghest possible
hun% r@?%gnlg eI B{ég%‘%% h%{%} ﬂla#n?lrlgé hﬁ[‘g{% §am tfﬂ%ee? it %OSEII?&) be lower

thar amhmmardc&”ﬁhmp@w@ﬁilmhnterfarehh@s@mls e’ﬁwantgtheﬂz mc:mseeh asa

des{y 'énﬁlal!? 3 'aﬁpﬁeao %25\%4 e@“@%&?%%ﬁéﬁﬁwﬁ@ﬁ%w@t ZA#5 Hz. In one

a l14 iRl
B e T

1200 &l @ivithin & mnghoSeR0 Hz).bActurdimgty, ithapreféresdningivelment, a zero is

profiged g pel eGP AE2 Bl mePlih BER b BBl BT gpone

emBYAmMER! ¥R Cp ¢ Bestel fesrith 4 Adich At ?Iﬁﬂrﬁnce si gnal s.
Twenty hertz is chosen as a desirabl e upper limt

[Oog@gg’fﬁpéf%%glﬁ’%ggﬂlﬁ%‘& o%lc?gstaﬁd'?%% a%l | ?glrlgxgbaglﬁg interference

froxﬁ @ﬁf@ﬂlmémléiﬂelerﬁzg dueh ad- ﬂie%fppfﬁe dﬂﬂﬂ@rek&nﬂl@{t@ﬂ&ncﬂnr&ﬁhhas onto the
évalthlnarangeo 5-20 Hz). Accordingly, in
dete@tqglr

heyghantindissing £iltees hpve §een provided in hardware before a
demodulator, it is difficult to make these effective, and thus there will be some residual line

interference in the detected signal to be dealt with in the digital domain.
Averaging Ambient Dark Levels to Reduce Low Frequency Interference

[0021] Figure 3 illustrates another aspect of the present invention, reducing ambient
interference by averaging the ambient dark levels before and after a sampling period to
account for low frequency interference from power lines or other sources. Fig. 3 shows a

signal at a sampling rate of 2400. The upward sloping line in Fig. 3 is due to 60 Hz power
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provided in the notch filter at 11.23 Hz. The | ow pass
filter wwth notch (46), in one enbodinent, is an 8
woab@s/Beasel filter with a notch at 11.25 Hz. pODEBR005/006336
The present invention thus provides an effective neans
linomterfarenceatli is gesirubéy tbediatinae fhewffepoothislupsard slope (which will be
interfere h as th riE{@zLe Qn, fl uorescent |ights

OW‘V@H%H%H% Fheéoth% €6 )sighRhl . Al t hough

anti-aliasing filters have been provided in hardware
[00B2F OIF@ & dtewsdudetered signpl dwingi different perto«is nrﬁimdulaeme The detected
. effec and, thus there will .b si.dual
sigflg e i Dby lng,f cBbhe & g 4R Reriog SelntineiieRed nor IR
LED"hré be, MioSiih@h sARPROf tHY SARUSh e ﬁ%{oz%{el‘ tHr@é’a%llp"‘hng, during a

Reduce Low Frequency I nt erference’ Figure '3
lmp lpleru@d pétthe redroE D ey tusedent wish sxgmel 1 esieg tiummg/ém peumv,d as the red

d £
S Rt e e R
cor2gpsiditio i rell ORD bGALONCY. i nterference from power
lines or other sources. Fig. 3 shows a signhal at a

[oogﬁ”p |A5{é9 tl{earteg &%{in%gl?r%%d gﬂﬁgﬁll IS égr*azp C%é/g gull'nlggn?e Bénocf §8g a second

darklpstisdbd & dampidd. M nate the effect of this upward sl ope
(which will be dowmward on other parts of the 60 Hz

[O()6 r §9b§§lﬁuerﬁﬁg l?edtﬁ'l%ﬁlls tu%% %%]duﬁhg ap 885]% MSanfd sampled during a

ect si g ng d erent p
permdcﬁsll dt isamned bé ahd ttleecdi giehl de@lyaﬂuﬂlmg/e petiicd 64, g & ﬁlﬁlﬁdiark sample

.b line 50. Durin jrst dark rlod 52 neith
being iaken, Iing 2 PeEiquEts. obhis t[ﬂ’id d%nk|sa\m> %,0 COAFRSPITHIS @ fhefirat dark
perfd@rds; asoﬂhegme%{)%dté glig After this sanpling, during a

tinme peri e red LEDis turned on, wth signal

ri,si duri d as .the D cones on
0079 | 13 REpF Henlfh By 3p%8f*f)r9§letq€éhw%§9ea§5 ig fsegipan Prgeurate
alnlsisﬁtqs¢e¢ thas/ maéasﬁ&aﬁ%e ap@fent RvENS vﬁl?’ijné— ERIPAIRE 187 low
[0023] Affer the red LED is turned off and the signal

freqpenesyatadiorensg. Bypeelagmesiae dak 9@@@@@@@1@ leng eftproitie sa)nplmg period
) 4 u ently s.tur
for %ﬁg’%ﬁgﬁg ngg%%%%h r%%?eqagc%rg %aaurgu enhalEtg ag%rg le\iell signal is
obtdified. Wdtesta@ple, drdinttient Siterfiértnddaiiaing tﬁ&fe‘dﬁﬂocﬁll@ﬁhl p@ﬁod 56is
66, wth a third dark sanple being taken during

detgsmyinedbysgeasyrag the dagk @jaxgraalscbmg@eap@ 82 and Fb@Q@dﬁ%I glgnei during

per 885 LRy Ry R AR pegi o, e
darlo? sighel dlaing geeive 68 an& thestaek 3 aalgnalrtammgrpaﬁeé 68 are averaged and

subtracted from the detected IR signal to eliminate the ambient interference. All of these

calculations are done in the digital domain by microcontroller 22 of Fig. 1.
Preloading Decimation and Bessel Filters

[0026] Fig. 4 illustrates another aspect of the present invention where filters and software
are preloaded. Before the analog input signal is processed through the sigma-delta modulator
and ’multi-bit analog digital converter, it is typically amplified in a hardware amplifier 84.
After processing by the sigma-delta modulator 86 and conversion into digital domain, it is
decimated to reduce the sample rate by a decimator 88 and filtered by a Bessel filter 88. A

controller 92 pre-loads the memories of the Bessel filter and decimator with an estimate of



10

15

anbi ent | evel may be neasured if the anbient |evel is
varyi ng, such as due to a | ow frequency interference.
weypomwsragi ng the dark periods before and aft ePCThS2005/006336
sanpling period for a particul ar wavel ength, a nore
whAGRHSMIQ VERASHf mer%mpuotvoﬁla%earmsemn dahiichRMBled®dctR@bettling time
I's obtained. For exanple, the anbient interference
of the filterpfice steeodshmgmmat& ipputp Sh¢lod sEB changgdn elnemnpetobab;pccur from a

d
cheffgF it 5% By safindSf G Bl S0 R BB o folREed 1 e resutof
a clidn 8l the p@ititula2/BD béifg aéthatddnhe poedr ODGEILED, &R optedk i@ settings
the dark 2 signal durlnﬂ peri od 60 and the dark 3
of tbf: Gaat englmair%arpe&m tiggoaafrellen e wejeld bsragtivatingrsueh elepnges, it will
hav}‘e r%?er 021\?18 to%ﬁeiql tgs %s Leg‘glnecigl er%bg ?}e@ﬁ%foar?\@ﬂq dﬁ%b?x@bnate values.

Althh\gghdh@petagd sHONTRAsIbIOks ik B0 oinisnaidestocd2hafin Bhegpreferred
Pr el oadi ng Deci mati on and Bessel Filters [0026] Fig. 4
embqdigentthisds densotihapolhge progm Phichyuaelions 3 ﬁ@@mli%gl filter 88 and
| i .
decﬁgcr)g%é.i ’i;}%g??y il ;EQ{ té@%i?tg% %@?gﬁfnﬁ!g%ﬂrdfﬁgfamﬁﬁ &fa is available
soonerdyeshdebiag tiocksettéingtimend nmul ti-bit anal og digital
converter, it is typically anplified in a hardware

[0029P! ik ket b%%déf {08l bRRSRSRIlIRY npﬁhetapteth%' &Eﬁﬁnpﬁlv&ﬁlon may be

fodul ator 86 and conversion into digit domai n,
embleliédmtoghibrtspeai fd frmstwithostdgplagingdiren blye @ssctémil n@rm’m%cs thereof.

and filtered by a ss€ | fiJter 8 A cont.rol | 2
Forgitamplsatiore fan hungiraen oravelsie SChptt PR s Alemately, o
dlffgl%ﬁt &@ﬁé&uléﬁdnrfré&fﬂleﬁ(%l dJWd e SHoshAt IntdAgitrml tHefdtchHi@infcan be

he out put woul This will nlflcantl reduce
dorlemh@étetfq»rc 198 aﬁem@h@fdlgltﬁé pfacessétg @l?the detgeted érfgn@lh agerdingly, the

Such .a n i.n e
forefgpg}% Wéwaés rﬁer{drs?g%g 3? ﬂ%g%?t%vlehléﬁstrho ft ll ?ﬁHﬁgA o?ﬂx scgge of the
inv&tionAVItiel Rakefoyth ia thd RHo*i@Ydnean be the res uI t of a
change in the particular LED being activated, the
power of the LED, or other gain settings of the front
end hardware. Since the controller 92 would be
activating such changes, it will have the know edge of
when to pre-load the filter and decimator with the
appropri ate values. Although these are shown as bl ocks
in Fig. 4, it is understood that in the preferred
enbodi nent this is done by a software program which
functions as controller 92, filter 88 and deci nmator
90. This preloading of the filter and deci mator
provi des that valid data is avail abl e sooner by
shortening the settling tinme. [0027] As will be
understood by those skilled in the art, the present
i nvention may be
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enbodi ed in other specific forns wthout departing

fromthe essential characteristics thereof. For
wexerspse42nore than two different wavel engt hs 8ETHUSYNE/006336

could be used. Alternately, a different denodul ation
WHARIRIELAYMEDUIS] be chosen. In addition, the notch

filtering can be done either before or after other

digital processing of the detected signal. C

A Sor di bl v K metes og BPE TSR FHOTBRR SIS o

be i Il usifatatel€ gerlihtid¥ght hiBulol kel AbtHsRBing GOREdRAt S

i nvention whi cﬁg?s sler{équort hin the f%ol I o{/r\}l%ng oniednensy
thatd$ apresieddiificd SisGlnak Bk 4 xmmoanetiplodf $0,60per.andrigoa

pul se oxi nete ca I.Si ng:, al ternat el eneratin

i ght aretpedsvanErytRengthaly denst b tbeter Ritrdatpt 2 person
and I\Rr thén RIREAESHLLY NeRoRic DF 300, lo@mBrazoomon

nmul tiple of 50, 60,7 100, and 120; said predeterm ned

di st ancdlitseiimgysaid ghteat attissue siehi ghest pul se rate of a

. h i. f : i f
o 00, istifgR selshtd iR i Bl f N0hRy PG RLRANE, O
site; defosts filidting SRt @eécedd lidhy bitgnﬁliﬁﬁﬂegﬁ?ﬁiy:at gﬁld _c@x&{non
etected lig

said tissue site; notch filtering said
muléiplgnal at a frequency at said common nultiple. 2. The
met hod of claim1 further conprising: digitizing said

detectedy li g ' [ LGkt Lzed signal;
and sai ?'not L‘;he]f‘rb?@g{i Pﬁga@g?%ﬂ%é??%t)ﬁ%ggon said

di gi ti zeatigitivimgahid dtecldddighesiigoal toprovide axligitizee signal; and
sai d commpn [t.jple is 1200. 4. The t.hod, of claim1l
wher ei S ot UGG heRERET e AR S0 SHBCRAR S and
20 hertz. 5. The nmethod of claim 1l wherein said

pr edet erqri nedryll §E@HE Bf LiRin? P AWHRIIINES € bd¥mibniRiitigle 161200
The nmethod of claim 1l wherein said notch filtering is

performed by providing a zero in a digital filter at
sai d di st ancelhermething ofrelpinod vdierein saidrpredgieanisied distance is between

5 and 20 hertz.

5. The method of claim 1 wherein said predetermined distance is

approximately 11 hertz.

6.  The method of claim 1 wherein said notch filtering is performed by

providing a zero in a digital filter at said distance.

7. The method of claim 1 wherein

said modulation frequency is used to alternate between a first period of light of
said first wavelength being generated, a dark period of no light being generated, and a second
period of light of said second wavelength being generated,

estimating a level of ambient light in said detected light signal during said first
period by averaging an amount of said detected light signal in said dark periods before and

after said first period,;
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said nodul ation frequency is used to alternate between

a first period of light of said first wavel ength bei ng
wgeonsroarae, a dark period of no |ight bei ng gererasems/006336

and a second period of light of said second wavel ength

bei ng genstimitarg a kestliofatibogt Aghten ehid diteateldilaht sighahiuring said

s AR IS i i o

befolt SRl e 8dilf sBROMURPef ore and after said first
period;estimating a | evel of anmbient light in said

detected light signal during said second period by

aver agi n§. an ampathod o wedsurigee deteeldd lightraignal gnapulssoximeter

sai.d _dark periods before and after said second period.
COBPIA et hod for neasuring a detected light signal in a

pul se OXhR@h@tél}C@ﬂi@faﬁﬁ%ﬂl@ht Atk e waatlehythgedfs ahiditlation frequency;
light at two wavel engths using a nodul ati on frequency;

di r ect i ngireding spidgight at 2 tissup §i¥tie site; detecting a

detected,Li ] t i.g. & site;

usi ng sald‘lge%g}(ﬁﬁsgﬁq?cg%d ﬁ@gqq'iéagsga?%fe%ﬁﬁlesrglrﬁiéés‘é&gg{e\?veen a

first pensingssifl nhddudtioaffregaéntyfio aRémava betvesegtafirbeperidd of light of
enerated, a dark period of no |ight bhejing.generated,

sai figpt 3 ayelength bskig gracisted; # dark nsriod af po Hghtdivingwaneraisdyand a second
i NG: : ' ' a | f anbient |ight
perk QPR Fband el Bhod eite sliétuell 2T P! part oc
by aver agitingating alevelof anbicnalightde said detbetet dight s during said first

in said dark periods before an fter said first .
peri hyRYeragig samaRtiod§2id deissted %8% sighsl dhaid f‘@rﬁﬁtpepﬂds before and

aft%%iaﬂ fﬁ?tta;?ei—&ﬁgaﬂd ght signal during said second period

y averagi ng an anmount of said detected |ight signal
in said esinkatingra lovs df embient hght imfaid detsatied lightsiguhl during said

iod...9. The.nethod of claim@8 further conpri.sing: .
secB PRI 5 AAELEB 7 AP Bt F SURCPIed B CHE T PG ARgyperiods
befSRl MddRLesHi%donalprisd.gnal . 10. A pul se oxineter,

conprising: at least one light emtter;

9. The method of claim 8 further comprising:

subtracting an estimated level of ambient light from said detected light signal.

10. A pulse oximeter, comprising:

at least one light emitter;

a control circuit for alternately generating light at two wavelengths from said
at least one light emitter using a modulation frequency that is a predetermined distance from
a common multiple of 50, 60, 100, and 120;

said predetermined distance being greater than a highest pulse rate of a person
and lower than a distance of any harmonic of 50, 60, 100, or 120;

a detector for detecting a detected light signal scattered off a tissue site;

a processing circuit for processing said detected light signal, said processing
circuit including a notch filter configured to filter said detected light signal at a frequency at

said common multiple.
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a control circuit for alternately generating |ight at

two wavel engths fromsaid at | east one light emtter
wa00sgsz4podul ati on frequency that is a predet eCmusems/ 006336

di stance froma conmmon nultiple of 50, 60, 100, and

120; said predeterm ned di stance being greater than a

hi ghest pul se Thatpalsefoxangiercfeinimnid fucher cantyaisir:

di f h ' f , ,60, .100, 120:. :
det et or “OPARELSRI AL o ALerdet @A B fejpdpd It signal o

providdl 4 @bfFe@kignal; bhgsue site; a processing circuit for
processing said detected |light signal, said processing

circuit ismdnathhrigtea bpingetdigital fiker.configured to filter
said detected light signal at a frequency at said

common tiphe. 11, The I Xi r_.of claiml10 C
further mgg'rrpr i’[z}egal_se ghméeg%flogg[a?rg_lgf ‘gfetr%{fi S%@n%?m%l} myifijple is 1200.
digitizing said detected |ight signal to provide a
di gi ti zed3si gmak puBadxinedte ofelaih 10i wiheéinkidi@edetermined distance is
digital filter. 12. The pul se oxinmeter of claim10

betijeen aiaRd 8ihgrtEonmon nul tiple is 1200. 13. The pul se
oxi nmeter of claim 10 wherein said predeterm ned

di stancejss bgjueeR éﬁ% 29 DEh U H-wHefein b ined di i

oxi nmeter of cl ai@ﬁ] 1%) W ereri ncsgrlhc} &edg?-g?l%pgéeﬂcf%&mned distance is
apptositmiade 11 dedppr oxi mately 11 hertz. 15. The pul se

oxi meter of claim 10 wherein said notch filter

2L E0 8 2R ol B A B

zer& & 6l dip9ral filér 4 is4i8 distarlREi Ng configured to alternate
between a first period of light of said first

wavel engt h bei ng generated, a dark period of no |ight
bei ng geh@er at d8¢ palgelosimstas of lape di fgehefcompgisingof sai d
second I . hei : ' SSi . .
Cre o "B LSRR ! 09, PRURAL M, PLAALAFESE Bk peiod o g
of saaitbfistitvaléledith being gknkrated, erdaglt périghdf 1w l@’lﬂllcbeiﬂlgrggﬁ@ated, and a
said first. period by averagi ng an anmount of sai
secod @%}@&ﬁh%ﬁ?f @i srgpnd waﬁa@%%a BeIRe gensr#8d bef ore and

after sajfy hidodlsiMEdiicAfl beRB Lo kirBR Festinlafy £levef of ambient light in
said detected light signal during said first period by averaging an amount of said detected
light signal in said dark periods before and after said first period, and estimate a level of
ambient light in said detected light signal during said second period by averaging an amount

of said detected light signal in said dark periods before and after said second period.

17. A pulse oximeter comprising:

at least one light emitter;

a control circuit for alternately generating light at two wavelengths from said
at least one light emitter using a modulation frequency;

a detector for detecting a detected light signal scattered off said tissue site;

said control circuit being configured to alternate between a first period of light
of said first wavelength being generated, a dark period of no light being generated, and a

second period of light of said second wavelength being generated,;
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ambient light in said detected |ight signal during

sai d second period by averagi ng an anount of said
wdetesased2| i ght signal in said dark periods bebarasand006336

after said second period. 17. A pulse oxineter

conpr i si agrocassingeguiteaafigurghto estinates leval afembiedt light in said

ircuit f | | i ng.ligh ’
detGiGrENH steme! firiia G BrodR R v ring S it of Bid deserigd light
sigreal (FPSHA ahikPeribaEBIBRCANG afteIgi € 6P ?eﬁ@ﬂ,_aﬁ@%&ﬁﬁiﬁ@g 1@ve(1e of ambient

detected light signal scattered off said tissue site;

light an epid deteeted light sgnal dpengepi¢ sasPng peet] byaveragingian emount of said

bet we a first.period.of ,lkght of .said first .
e RRAITR smil B g G i ol i Re g B A6 R negiofh ghe
bei ng generated, and a second period of light of said
second wpdel engmjrbabmpgﬁngr@hﬁxﬁsmgpr ocessing circuit
configured to estimate a | evel of anbient Iight in
sai d det &8gBg-qeltgmodaiaiprdiavimganiapysodpled fsrecpize ppandgg sensor
Siglﬁy.eragi ng an anount of said detected light signal in
sdi d dark periods before and after said first period,
and est i arhdrdwared awslifiep foraumdplifyinglai sghdor isignslao preidd et adplified
) Iih%%ht 'Si grfal during said second period by averagi ng an
SIETENBUTHEC 81 QR PASefetl@ed |ight signal in said dark
peri ods er ' I : ey
o ot or e Fanol - afftafech PR oRFIl R sid Bupilr said sigma-
delthavadutptartoipngride e digtebohitpwd; r ecei ve an anal og sensor

signal ; a, hardware ljfier for anpljfying a sensor
signal tbIgsiBRtORER PiOPFr@EP%‘}iﬂthgH%f %1-8?‘&5 anal og

sensor s GBahl filfer TS HREERIperAO8h S8d WRsid thtﬁgt], and
converter coupled to Said output of said sig de?ta
modul at o cantropprograte fer paelgiding sad dpeitmatax adé digitat Hiter with an

.conf igur to, operate.on sai.d dji.gital output; a .

estifil ot hteffen B Shk Garans R npkfed o ibionfy mptifier
out put; and a control programfor preloading said
decimator and digital filter with an estimte of a
settled output value after nodifying the gain of said
har dware anplifier.
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