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Description of the Related Art

SpO2, sometimes referred to as the ‘fifth vital sign’, represents a patient’s blood
oxygen saturation. Medical professionals can detect hypoxemia, i.e. a deficiency of
oxygen, by monitoring a patient’s SpO2. Values between about 95 — 100% are
considered normal; those below this indicate hypoxemia, and will typically trigger an
alarm in a hospital setting.

A technique called pulse oximetry measures SpO2. Technically this parameter is
determined from a patient’s arterial oxygen saturation, or Sa0O2, which is a percentage of
oxygenated arterial hemoglobin present in their blood. Functional hemoglobin molecules
can bind with up to four oxygen molecules to yield ‘oxygenated” hemoglobin (HbO2). A
hemoglobin molecule bound to less than four oxygen molecules is classified as ‘reduced’
hemoglobin (Hb). Conventional pulse oximeters feature algorithms that assume only
HbO2 and Hb are present in the blood, and measure SpO2 from the ratio of oxygenated
hemoglobin to the total amount of hemoglobin (both oxygenated and reduced) according

to equation (1):
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More specifically, AC signals are measured from a heartbeat-induced pulse
present in both waveforms. The pulse represents a pressure wave, launched by the heart,
which propagates through the patient’s vasculature and causes a time-dependent increase
in volume in both arteries and capillaries. When the pressure pulse reaches vasculature
irradiated by the oximeter’s optical system, a temporary volumetric increase results in a
relatively large optical absorption according to the Beer-Lambert Law. DC signals
originate from radiation scattering from static components such as bone, skin, and
relatively non-pulsatile components of both arterial and venous blood. Typically only
about 0.5 - 1% of the total signal measured by the photodetector originates from the AC
signal, with the remainder originating from the DC signal. Separation of AC and DC
signals is typically done with both analog and digital filtering techniques that are well-
known in the art.

During pulse oximetry a normalized ‘r’ value is typically calculated from AC and

DC signals using equation (2), below:
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patient's notion. Activities such as wal king, finger tapping, falling, and

measures SpO2 along with systolic (SYS), mean (MAP), and diastolic (DIA) blood

pressure, heart rate (HR), respiratory rate (RR), and temperature (TEMP). In both cases

the oximeter probe typically connects to the monitor through a cable. Alternate

configurations of SpO2 monitors include those that operate in reflection-mode optical

geometries, probes that clip onto appendages other than the patient’s finger (e.g. their ear

or forehead), and processing units that are worn directly on the patient’s body (e.g. their

wrist). In some cases PPG waveforms, along with SpO2 and pulse rate values, are sent

wirelessly from the oximeter to a remote display.

Because it is based on an optical measurement, pulse oximetry can be extremely
sensitive to a patient’s motion. Activities such as walking, finger tapping, falling, and
convulsing can result in a number of artifacts that distort both the AC and DC
components of waveforms measured with the oximeter’s optical system. Motion-related
activities, for example, can cause the oximeter probe to move relative to the patient’s
finger, change the amount of ambient light that irradiates the photodetector, and disrupt
both arterial and venus blood flow in vasculature measured by the optical system. Each

of these events can generate artifacts that, in some cases, are similar to the AC and DC
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coefficients relating r (fromEg. 2) to Sp that aretypical
operating near 660 nm and 905 nm. Analog versions of these waveforms pass through a

low-profile cable to a wrist-worn transceiver enclosing a processing unit. Also within the
wrist-worn transceiver is a wireless system (typically based wireless protocols such as
802.11 and 802.15.4) that sends information through a network to a remote receiver, e.g.
a computer located in a central nursing station.

Clinically accurate pulse oximetry measurements made at the base of the patient’s
thumb require a set of coefficients relating r (from Eq. 2) to SpO2 that are typically
determined with a set of empirical experiments (e.g. a ‘breathe down’ study, described
below). These coefficients differ from those used in conventional oximetry
measurements because of the differences between vasculature in the base of the thumb
and the tip of the index finger. Typically the base of the thumb features relatively fewer
capillary beds, and thus the coefficients are preferably adjusted accordingly.

Three motion-detecting sensors (e.g. accelerometers) form part of the body-worn
monitoring system. They are typically secured to the patient’s torso (e.g. chest), upper

arm (e.g. bicep), and lower arm (e.g. wrist), and measure time-dependent motion signals
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alarms/alerts generated by the body-worn monitor. For example, a walking patient
typically yields noisy PPG waveforms, but also has a low probability of being hypoxic
due to their activity state. According to the invention, a patient in this condition thus does
not typically generate an alarm/alert, regardless of the value of SpO2 that is measured.
Similarly, a patient that is convulsing or falling typically yields noisy RED/IR(PPG)
waveforms from which it is difficult to extract an SpO2 value. But these activity states,
regardless of the patient’s SpO2 values, may trigger an alarm/alert because they indicate
the patient needs medical assistance.

The body-worn monitor features systems for continuously monitoring patients in a

hospital environment, and as the patient ultimately transfers from the hospital to the
home. Both SpO2 and cNIBP rely on accurate measurement of PPG and ACC

waveforms, along with an electrocardiogram waveform (ECG), from patients that are

both moving and at rest. ¢cNIBP is typically measured with the ‘Composite Technique’,
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contents of which have been previously incorporated by reference: BODY- WORN

transceiver can further include a touchpanel display, barcode reader, and wireless systems
for ancillary applications described, for example, in the following applications, the
contents of which have been previously incorporated by reference: BODY-WORN
MONITOR FEATURING ALARM SYSTEM THAT PROCESSES A PATIENT’S
MOTION AND VITAL SIGNS (U.S.S.N 12/469,182; filed May 20, 2009) and BODY-
WORN VITAL SIGN MONITOR WITH SYSTEM FOR DETECTING AND
ANALYZING MOTION (U.S.S.N 12/469,094; filed May 20, 2009).

In one aspect, the invention provides a system and method for monitoring a
physiological property of a patient’s blood (e.g. a SpO2 value). The invention features a
first sensor with two radiation sources that emit optical radiation at first and second
wavelengths, and a photodetector configured to detect the radiation after it passes through
a portion of the patient. A finger-ring housing that houses the radiation sources and the
photodetector features a ring-shaped mounting portion that fits or wraps around a base of
the patient’s thumb. A processing unit, worn on the patient’s wrist and operably

connected to the finger-ring sensor, receives signals from the photodetector and includes



MONI TOR FEATURI NG ALARM SYSTEM THAT PROCESSES A PATI ENT' S MOTI ON AND VI TAL

SIGNS (U . S. S. N 12/ 469, 182; filed May 20, 2009) and BODYWORN VI TAL SI GN

MONI TOR WWOH0BYSTHM FOR DETECTI NG AND ANALYZI NG MOTI ON POTRISR103moel69, 094,
filed May 20, 2009). In one aspect, the invention provides a system and

met hod fé@thrﬂﬁ‘ip‘tl‘éﬂf mgoramémg@@lsma dhe pmcefﬁer tsycoofigure@ i prepesssl) Bledodt (e. g. a
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recei ves psitignaha phrtity tsireoytis tledetse of tie patichtisnbhmbleshiot llaa‘angrdw tgn sensor
and a processor he, pr is confi ured t o, process: i% the first and

cessor
second sifraeed é{“érSE‘?PFél PREIQY epfogn qt 9 aQFXlP@aS&aP grde 6 e VAR &4 gnal s
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sel ected AC signals, or signals derived therefrom to determne the
physi ol ogiecdtenpridpe ﬂtwsamfe eldegopiatpadmge sartyl o sepalated@omahapleatbdetéataritys, the
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The ri ngigharedn m_liyut p&%ﬂ(ecgara s@ﬁﬁ]ﬂ%@ttoﬁe%tﬁhgfa' @kl r@to&t)lr @tﬂ:hf’é&dﬁtr@f are®- 0.,
nylon or fabric. Typically the first and second radi ation sources are

proxi mal hetvoslnedr 49Y peqtoqoanepniigeredte easeine hictectrival Sanmd (@R exdieibrp¢ EpStkage)
and are %%Hgl atl“ﬁg E& dsq%ria:l:}efop Q %ﬁ)ﬂg G %{n%lrratt% b}gg' s@ig lo?bgc%} \A’Sfrpelzé{odaglo

degrees. hese an er e e “processing - uni't inc es an
i nput pObbnr(eeteQ to alf&eemual arpplifierepetiat Thgcablstai QlpplesathoE0IG signitba cont r ol
area network, or protocol) configured to receive an electrical signa

(e.g. a mcgﬁeuﬂzlé&lreesagfi@ﬁlapl}lg digethEnt Gegeraal inrig podx ARpEEC $i80Yener at ed by
a series; E&QQX @n@én‘?ﬁiafl&g?§§ﬁag@§ggkﬁl§1 tﬂkgeﬁé&@%b 'thé‘ﬁ]?ét hhd er

circuit. e cabl e at su | es nal I nclu circuit,
and can pt¢angd (ﬂ’iPGe\&a\Iejiomrstganel’aedQﬁrelaeﬂ h¢antbeait lqueis tharhgrede@rmingdaimd ncl udes a

focond. PRGN SPiEny Fatpdatho o it s Th . pamdaiondify fd St and

pre-det e?chB@s@dEd ReR®biHafe (A@ &hd ﬁ@ngﬁﬁl)s -wiltlin BRMPHE wR{A6RES 8bnkQviflet er m ne
heart can additionally be processed to detect both thRe AC and DC

si gnal s widtionthat hmyl?l?@lp%th@ﬁoiﬁmotlm igrgtepiet ntheroystam cab invaycteld r upt t hem
I ot Ors]i I y gg%toreectthe%c grPcFDEyc%tm%rgngrﬁn A 1sI t?/}s)}cgﬂchgne 1tf motion exceeds a pre-
determined level known to corrupt these signals beyond an acceptable level.
Alternatively, if motion is present but is less than the pre-determined level, its influence
over the AC and DC components may be removed using frequency-domain filtering,
deconvolution, or similar techniques.

In other embodiments both cNIBP and SpO?2 are simultaneously detected from
both the PPG and ECG signals. ¢cNIBP is determined, for example, from a time
difference between a peak of a QRS complex in the ECG signal and an onset point in one
of the AC signals. The time difference, for example, is PTT, and cNIBP is determined
according to the Composite Technique. In this case, cNIBP is most accurately
determined when the finger-ring sensor is worn on the base of the patient’s thumb. For
this configuration, parameters relating ratios of the AC and DC signals to SpO2 need to

be determined beforehand using, e.g., conventional breathe down studies.



sinply ignore the AC and DC conponents; this is typically done if notion
exceeds a pre determned | evel known to corrupt these signals beyond an
accept ablwol2ewel48208l t ernatively, if notion is present b®CTIGS20109439%00han t he
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It can be cal culated froma_ nathematical transform of time-dependent

vari at i off¥ tgpe- ée%fiﬁram@w@rﬁagnal P8 SFii%] s deriFiorapsn BYscd Ofre decisioBctdum
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enbodi maBtorts % opera%¥y g8t with stand-alone systems for measuring some of the vital signs

(e.g. to receive cables associated with systems for measuring ECG and oscillometric
blood pressure). Additional ports may also be used to collect signals from external
sensors that measure, e.g., glucose level, respiration rate, and end-tidal CO,. To simplify
data collection, each port typically operates on a common communication protocol, such
as the CAN protocol. Input ports corresponding to ECG and oscillometric blood pressure
are typically located on a common side of the processing unit that typically faces away
from the patient’s hand. In this embodiment any cable connecting to an input port may
include an accelerometer to characterize the patient’s motion.

In certain embodiments the processing unit features a touchpanel display that
renders a first user interface that displays information describing oxygen saturation, a
second user interface that displays information describing blood pressure, and a third user
interface that displays information describing ECG signals. The processing unit can also

include a barcode scanner that scans a barcode of a medical professional (located, e.g., on
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speaker Reoieryted vhee pwwtghiciglatigaly lowars emsigeredrinthingmbedimshe Vel ce nessages
i ntended _for .t he t . Th ' it .c incl - | rel ess
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aspect, uigiohnyeBittothapaovt@pabr lewil hoiltetiap PTEasililes gl foasthngpié,BP by
processing ECG PPG and notion signals with filters that analyze both PTT
and AC sPgRENEInNgsvalyes e Raipidecy Rg-dRieringd ftas g sexintieql fifters (e ghe filter,
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Typically y sigha at are generate en notion is relatively low are
consi der edculatinga powerdadienfitorh a fregueryadyphan sgicgnal cor@smpontlingi to ahd tymerot
processeg further when tpepfriml%ion sensor,s indicate that tion.is g eater
than an SERBAEHENAINEL apd fheg,compapaerthisio pRreidsterayied vajig cabbsisFe,

det er m nigyyghdgRithdiate PTe valks bieP@ sfglhﬁrsq?é STORIGH hahde $ONhlues
statistical filters (e.g. a sinple average and standard deviation). Mre

sophi st i ewttgpictléctaiéujated frogurtiondescabiog et AGgnd D§bsignaly micasirdd isoma
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regions. One or more ratios can be calculated for the pulse.

In another aspect, the invention provides a method for suppressing an alarm/alert
based on the SpO2 value by processing the patient’s posture and activity state. For
example, the alarm can be suppressed if the patient’s posture is upright (e.g. standing up),
as patients having this posture are typically not in immediate need of medical assistance.
Similarly, the alarm can be suppressed if the patient’s posture changes from lying down
to sitting or standing up (or, alternatively, the other way around). In this case the change
in posture, which can be determined with the chest-worn accelerometer, may disrupt the
PPG waveforms to the point where an alarm/alert would be falsely generated in the
absence of such alarm suppression.

Still other embodiments are found in the following detailed description of the

invention, and in the claims.



notion signal, and then conparing this to a pre-determ ned val ue, can be
used to estimate if either the PTT values or PPG signals are affected by
notion. SpOR20wal4ems are typically cal culated fromrati opCaamsesionssngo t he AC
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as patients h&lg Aghevis an pespded seheanatiy dravang pf H&pugs'q XA RiPRe Alldg. of
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posture changes fromlyrng down to sitting or standing up (or;

al ternati vel yFig Ba iohhelenvaiy daawinpaf a phtierit1sitsuralseéthtthe pdbaogeeten ppdst ur e,
whi ch can F.e eterm ned with the chest-worn accel eroneter, may disrupt the
PPG wavePbrits~Hathsed poi nt where an alarmialert would be fal sely generat ed
in the absencgngngsﬂng AlcAs s SURRLE SRR tic &d&ihg@f@ﬁéﬁe%ﬁ?ﬁﬁfnﬁﬂeﬁ%%u%de found
in the follow ng detail ed description of the invention, and in the

cl ai ns. BRIBRMOFESRD HTc@N pOPeTHEIORAN NGS Fig. 1 shows a schematic draw ng

of a pul se oxiheter probe, configured as finggersring senso r.n around
Che base of _arfafiihereRehne argion® SR Seh it SEEEHARI T e or ani ng
of the pyRSR) RXhiFRLREMBIO BenDhedTeleal Iodkel i sdmeiad] waveIkeralid frbRRhang _
phot odet ector separated fromthe finger-ring sensor; Fig. 3Ais a schematic

drawi ng 6f a gatigat’s érrex dingpiy and wade fropethe bpsseof @pafenteythpmbbe of Fig. 2
attached; Figs: 3B. r - i.onal tic dr.aw f . tient's
t hunmb neasur egl‘%i\ngtlfiQgﬁ%hgaﬁggﬁ%%%#é&%ﬁ% rél%}oﬁ) rTLE\ll%u.e p%kglwfiiﬁg‘ld QXJ I?lstﬁg gr aph
show ng ahuned-abimondd gxibetewpibe SP Bk, and thvse ratle at thé tip af tresihddxRdder f or
neasurenents fromtheoretical nodel in a nmedical textbook, nade fromthe
tip of avp#tdWMmciahgeefsrpgrhe; and made fromthe base of a patient's
thunmb; Fig. 5p I SR {gque patients
made with theF% gﬁ%g\%oﬁa?ﬁ Sfp})ul S tﬁ?ﬁg;&%?&ggg@?’g F—r{agg&%d%&gh? ose nade at
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Fig. 7 is a flow chart describing an algorithm for measuring SpO2 and patient

motion with the pulse oximeter probe of Fig. 1;

Fig. 8 is a graph showing data collected during a breathe down study indicating
correlation between SpO2 measured with the pulse oximeter probe shown in Fig. 2 and
SpO2 measured with a blood gas analyzer, which in this case represents a ‘gold standard’;

Figs. 9A and 9B are graphs, respectively, of time-dependent IR(PPG), ECG, and
ACC waveforms measured when a patient is not undergoing motion;

Figs. 10A and 10B are graphs, respectively, of time-dependent IR(PPG), ECG,
and ACC waveforms measured when a patient is undergoing minor finger motion;

Figs. 11A and 11B are graphs, respectively, of time-dependent IR(PPG), ECG,
and ACC waveforms measured when a patient is undergoing major finger motion;

Fig. 12A is a graph of time-dependent RED/IR(PPG), ECG, and ACC waveforms
similar to those shown in Figs. 9A,B-11A,B measured during periods of motion and no

motion;
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accel eroneter (ACC), ECG system (ECG, and the 660 and 905 nm LEDs
(RED(PPG and I R(PPG, respectively) within the pul se oxineter probe of
Fig. 1, RAwQ.20i0/148208 fl ow chart describing an al gorithm fPor/use@sstong SpO2
and patient notion with the pul se oxineter Erobe of Fig. 1; Fig. 8is a

gr aph show ngFigst 2R and £8P e grephismy the I BBOhwawdarmsefdg. 12ddimeaturesy
lati 0D, . | . ‘ .
corr oL LR DR PR AR AE L Y R RSP TRLN TR v R,

r epr esenhswantlgple R Rsanel adlelilatef @m thdAvaedr@B are graphs, respectively, of
ti me-dependent | RCPPG, ECG  and ACC wavefornms neasured when a patient is
not under goi n§igderdnha 2mphof datmrobyigrepraseiing RpRsdisveencopwepsifeplthe of
time-dep : patient is
under goi %ﬂ&f}iﬁgb %?@FGED%%%BH%@%U@%%#? Hggégfrdﬁeoe%?) ap %&}tes pectively,
of ti nme- depetidentrvilRpEREEN tHe@Got awchbeACES thaweiveofoms shews un Egy. WPBN a pati ent

i s under goi ng_paj fi motion; Fig. 12Ais a gr f tinme-dependent
RED/ | R(PPG), E%; f%ﬁﬂ“ﬁ%g%%\géﬁpgﬁ H%fi’%lg ﬁ?ﬂnasrrePresq%gg%%gﬁ?s\ﬁquﬁ Figs. 9A B-1
1A, B Wa%%ﬁ&qéﬁ%dfﬁﬂe RED(PSS) Ald MPPPANWANG oM APLLRR: dukigs pede® @nd 12D are
graphs of the IR(PPG wavefornms of Fig. 12A neasured, resSpectively, during
peri ods ofotivntai pericaindineovaipbétenen diedowf and tphakaoigghaphiveialmishelvie &t Fign of how
mul tiple Rs are cal culated fromthe waveforns; Fig. 12C is a graph of

dat a poir]| ’representing RoORs between conponents of the RED(PPG and

I RCPPG) wavef gidrg 3 ABRASWE & Grapurdf figheP@ipedisit BEAMdRYPRG) RARekiaimPBAtl H€i C
interval s between the foot and peak of the waveform shown in Fig. 12B;
Fi gs. 12Pregagked prdeferanipg aBRS: of data points representing RoRs between

f R(PPQ) .. ' i ods of
ot} on at - per FU KT RECUAPE RatiEer EAE oo Tt raae et Hee Rl o

shown i nafteiapph2hy a Faghed Shestoais RPEGApQAveforh ius®t WenprntenPTEGSsienwh | R( PPG)
waveforms that are processed to deternmine a PPT; Figs. 13B and 13C are
graphs, #EEigetidvely, of PTT versus heartbeat before and after applying a

e e !+ i e I S sl salerlate ST b L1
and appl ynangped filter to an IR(PPG) waveform when motion-related noise is present in the
waveform;
Fig. 14 shows a graph of time-dependent waveforms (ECG, PPG, and ACC)
generated from a resting patient by, respectively, the ECG system, the optical system, and
the accelerometer system of Fig. 1;
Fig. 15 shows a graph of time-dependent waveforms (ECG, PPG, and ACC)
generated from a walking patient by, respectively, the ECG system, the optical system,
and the accelerometer system of Fig. 1;
Fig. 16 shows a graph of time-dependent waveforms (ECG, PPG, and ACC)
generated from a convulsing patient by, respectively, the ECG system, the optical system,
and the accelerometer system of Fig. 1;
Fig. 17 shows a graph of time-dependent waveforms (ECG, PPG, and ACC)
generated from a falling patient by, respectively, the ECG system, the optical system, and
the accelerometer system of Fig. 1;
Fig. 18 is a schematic drawing of a coordinate system assigned to a patient

wearing three accelerometers and a pulse oximeter probe;
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mat ched filter to an | RCPPG waveform when notion-rel ated noise is present
in the waveform Fig. 14 shows a graph of tinme-dependent waveforns (ECG
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electrical diagramof a circuit used to drive the 6g0nm and 905nm LEDs
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to genergEeéiatf)%%lcﬁz%BﬁmC) and RED/ | R(DC) conponents used to cal cul ate
SpQ2; Figs. 2BAsarii 23B23Mehow images o6 thethod ysady nvénitor oDt Datt@hedtaga 1
attached to a patient with and w thout, respectively, a cuff-based

pneunat i ®USHS Pt and eithogt respestiyelt psptfthrectiNieBmatie sk Hegs for giprating

the cNIBP measurement; and

Fig. 24 shows an image of the wrist-worn transceiver featured in the body-worn
monitor of Figs. 23A and 23B.
DETAILED DESCRIPTION OF THE INVENTION

Figs. 1 and 2 show a pulse oximeter probe 1 shaped as a finger ring that wraps
around a base of patient’s thumb 3 to measure SpO2 and cNIBP. The probe 1 is designed
to be comfortably worn for extended periods (e.g. several days) while freeing up the
patient’s thumb and hands for activities such as reading and eating that are commonplace
in, e.g., a hospital. Motion corresponding to these and other activities can affect the SpO2
measurement and is detected with a network of accelerometers worn on the patient’s
body. The probe 1 makes a transmission-mode optical measurement along an inner
portion of the thumb 3 with a pair of embedded LEDs 9, 10 operating at, respectively,
660 and 905 nm, and a single photodetector 12 that detects these wavelengths after they
pass through vasculature and other tissue lying beneath the LEDs 9,10. Specifically,
both LEDs 9, 10 and the photodetector 12 are positioned to measure blood pulsing in
portions of the princeps pollicis artery, which is the principal artery of the thumb and
stems from the radial artery. As described in detail below, measuring blood flowing in
this artery enhances the accuracy of the cNIBP measurement. A small circuit board 11

supports the photodetector 12 and may additionally include, for example, a trans-
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Fig. 24 shows an inmage of the wist-worn transceiver featured in the
body-worn nonitor of Figs. 23A and 23B. DETAI LED DESCRI PTI ON OF THE

| NVENTI ONVBi2gn)/14820and 2 show a pul se oxi meter probe 1 sirapams2@s/0390h6 nger
ring that waps around a base of %ati ent's thunb 3 to nmeasure SpQ2 and

cNl BP. Tiepgstapgreamplifier deisingl dping phptocewert drona Bleyhaiodatetter 12ftended peri ods
(e 0 Seysralaflay ik 1LLELIERE IR HRE RaL B0k SoLTRARd agds, for
activiti és suchr as rea mé) and-eat g that "are confronplace in, e.g., a
hospi t al .19 Mk identifiey $pesifio vive@n s thesd Bntle DENSIY, a0 thydetw Bsledaths dhf ect the
Sp2 neasurenent and is detected with a network of accel erometers worn on

the pati &#p: infugisgyalurnhel grreshion creliisients hitriais BeR EnSpddes dptaribsd
measur e"@g%@'é%% Fnd PREEUPOLIAN aFé;/ déslé;g%édgg gl%gg gwaﬁ ReRwPRith ré%&eﬁSe@edded

LEDs 9, operating at, respective nm and a sing
phot odet ecFi@s. 2122t det ects these wavel engths after they pass through

vascul ature and.other tiss | yi ng bene the LEDs 9, 10. Specifically,
both LEDs 9, %g‘w&)ﬁi f&%ﬁﬁ%ﬁ%ﬁ%@@%&smﬁﬁw@wefﬂﬁﬁ&cwa_ &8lre bl ood
pul si ng RvRQEL fe‘&ﬂt?esg%ctﬁ laqrdp@ﬁiﬁgssm),@blth&!sﬁ Fort @EYEDMY, G0 ahé ci-fg¢ pri nci pal

artery of the thunb d stens fromthe radial artery. As described in
det ai | bébav,11ndhs hoingg bifeataes thoss avg-obnhparhipss 254-6% yr dnvigloegest Hbkataccur acy

of the cN BP.neasure t. A |l circuj oar d uppor.ts the .

hot odet QU6 SEoNAhearas adaREroreebpiidhls BRED pediBiBfiied. WK nedin

t ransi npgpReeRuAdRe Hak€bf the thudiPlvith ifRaiNO Y168 YirdEN thréddMB thikigRheb gslet ect or
12 and converting it into a corresponding voltage. The circuit board 12

al so i ncringegeningsekisstlgB lecatedhhe hodwmg p fistd esdre A pPpitionh|teheftans’ eni tt ed by

t he LEDs ;9 0, | e .intu b a f rrelation
coeffi ci ger?fag%st %g%ta?ﬁgf\ggﬁgﬁltg %tg%ﬂ)‘&?'ga‘fs Lgoekssc);} %tg‘%ﬂ%rg %c/?vx% H%%rdrg) atc():?i q[t6hese
circuit eodramhg, g elegsordnie strap’ g mhetiod; |thdgdtehws Wot 17 eafpereitce to Fi gs.
2 1 and 22. A ring-shaped, flexible plastic housing 6 fornmed into a

cyl i ndri @gitere kuragh ogrer whey diedroasing fiinpes ebepayentarthypldi #yscatdy 22 t hat
suppor t 4kt hatly dPodiithopd C¥hd st%ggggg oy IREBOUIP I Qcliepf T es three

cut-out portions -C, or "li1ving , that” nmake 1t easily bendabl e
and abl e fiasenad,colnmip detuen imimidses ofoticn fréleti entoeghs mezesirerhdnt isse. h&lfbxibde,pl ace

around the base of the thunb with a flexible nylon strag 2 threading
t hr ough F??\‘R%e %“Pﬂ‘&cﬁﬁgﬁPﬁﬂéﬂteffA?befB@ %%E%It%ﬂ“ttﬁés“r’?b‘t?&i SH@‘H%“ @itE AI® ends. A

portion 4h&fn if¥8eSid afheXabRA MBS PORAMGR flofn B WRItSIRn (GRRERENIAD, €. T. .
" hooks') that ad%eres to a mated patch 16 (containing, e.g., 'loops') on

t he st raptise theilERrorccpiling tolke paringhdiserad, in Fre. 28 ngpokamaldgysignals measured
by the photodetector to an amplifying/filtering circuit within the transceiver, as shown in
Fig. 22. There, the analog signals are amplified, filtered, digitized, and processed to
measure SpO2, as described in detail below.

As shown in Figs. 3A and B, during a pulse oximetry measurement the LEDs 9,

10 intermittently emit beams 28, 29 of radiation at 660 nm and 905nm at roughly 500 Hz
according to the timing diagram in Fig. 20. Once emitted, the beams 28, 29 pass through
the base of the thumb 3 and rapidly diverge to scatter off tissue such as skin 24, bone 25,
capillaries 26 near the thumb’s outer surface, and a portion of the princeps pollicis artery
27 before reaching the photodetector 12. To increase the amount of radiation that passes
through the artery 27 and capillaries 26, and thereby optimize signal quality, the LEDs 9,
10 and photodiode 12 are separated by approximately 35 - 55 degrees. Optical
components separated at this angle tend to increase the relative contribution of signal
coming from the artery 27; ultimately this improves the accuracy of the cNIBP

measurement, as PTT values measured from arterial components correlate better to blood
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adhere to each other when the housing 6 is worn on the patient's thunb 3,
and easily detach so that it can be renoved. The straps 2, 4 allow the
probe 1 twokwelwewswsely fastened, which in turn m ni m zepCrEaiS2@0/08®h@t i ve to
the measurenment site. A flexible, cable 5 connects the oxineter probe 1 to
a wri st - wersire thandeesieyegasursd fioppgapiliary h@rnmnsSh&mhthff CRpiglarion26 e cabl e 5
carries fr r e LEDs
accor di ngg{lgep? ﬁgh\t%ls art%p] %’Pgagr}r[\;%ggbdnﬁ@{gulga; Wl 8"‘ glr%lae%nggeaélg%dn esg} Eeasured by

t he phot @aﬂii‘zttfb(ﬁtdﬁﬁttéci)by’rlﬂleajﬂlbs § yiiongt ik kdsarts i’mgseparﬁtélﬁrﬁe mliehdéht'fob&cal
transcei ver, as shown in % 22. There, the analo (():jnal S are arrpl i fied,
filteredVaeigims ded RERUIR(BPGbesbewa 11 bigniagsipiateddopt eé@ QIBed in det ail

bel ow. I renent the
PEpe o, TR i B etpreié vt RC SUtl 18,8 Ritinls (BHITERE MefBH ST,
905nm at pnBariyiy Hlo&d) @n&iD(amgmidcmg:spmdlﬂ@totum nglepéralgntesanitaring off th2@kinOnce

emtted, tr\goé]g ne 28, E? pass throu F eof the thu and rapidly
di verge t0 2P et 1 %88 cepeR %C%"A Tarisy A6 2 artely i/t |PAI0F 85 26 near

the t humﬁnfﬁﬁ&ﬁrﬁ{ the Wd aGRp orﬁﬂfjtyﬁlcmgl;ép%eﬁfs ab&\R OBy | f‘%%@%heot@][allb%hﬁ. artery 27
before reachin he phot odet ect or To i ncrease the anount of radiation

t hat passes t@ﬂa@hetmoeﬁsmgﬂoomﬁhamﬂ? ouDClsggnabs of 26 REE&IR(HKB)eby optim ze
signal qual i hot odi ode 12 .ar.e separate

apor oxi nigarysy s SRR e BB 8 B Rer FuCUE SRRSO s angl e
tend to yKiGE @RGMbENSS di@laRiplot8ssehbthbddlbgias fHat &bgﬂ@ﬂtmﬁzﬂm iRgpottaifol he artery
27; ultimately this inproves the accuracy of the cN BP nmeasurenent, as PTT

val ues néastmisingibhbased sNIBP. Sdimatsbithe ACoanddPGcempenerds ield HReRdpr essur e
than t ho%v%u{ﬁftﬁ&?fe?ﬂef 8%@ il U é/eb%g’ gPQrgﬁfﬁ[cﬁl ph&&E{PmBQc?c 1e111t§r ihe@ne26 and

princeps pollicis ar car es WI eac eart beat

and absoeb@om&mna,tfbmmma, treR &R/ 1stdwerhlﬁ[é$ilﬁlflr1&neéﬁhhﬁg RED/IR(EPGhH separ ate
ti me-dependent optical waveforns (i.e. RED IR PPG shown in Fi %
gener at eV ¥§OfAL aeé@earmsmwtamuah AP -PBSY aRgierged st &9 BZAC signal s

correspo %;ﬁﬂ&% i l;
correspoggdloﬁg T:hg atklaﬁé&%l%%eepen ent é%tg'%gér%lhr%&g@fr&?ﬂcésagﬁﬁﬁ%@tg%géﬁﬁ and
non- pul satemcgy,mdpememsRED/BRtQBCc)aBDtH \aaveém%&r(amdn addieoyal R Ailteed witht o any
filterin he one pi resents about 0.5 - 1% of the total
S gnal | Gisiget (S Bt H b i B aedh BocdhoRintemeed Rih o

RED/ | R( PRGie Y@}\{lﬁgé)feg@orﬁéé ﬁln‘éﬁoﬁ’- a§9@%aﬂ@btﬂ?hﬁé@@ﬂpgqfﬁrlMQé galmml)tli@lrer cal cul ates
t hese components using a nunber of processi ng nmet’hodol' ogi es that are

addi t i ondlhese stappcan laﬁdoﬁeowuldeltﬂmrranadpgnglePtT(Tmbasélglt@lNIOBWareUhlmrﬁrat ely the AC
and DC c%rrpnonents

onents pgls s1ngthou51 ][?ns filter are isolated as described below with reference to
Figs. 6 and 7 to yield RED/IR(AC). Once determined, the AC and DC signals are
processed to yield a RoR value, described in equation (3), which relates to SpO2:
__ RED(AC)/RED(DC)
IR(AC)/IR(DC)

3)

Fig. 4 shows an empirical relationship between RoR and SpO2 for measurements
made at the base of the thumb with the oximeter probe shown in Figs. 1 and 2 (solid line),
along with similar relationships for measurements made at the tip of the index finger with
an off-the-shelf oximeter probe (small dashes), and the theoretical curve for
measurements made from the tip of the index finger (large dashes). Curves
corresponding to measurements made from the index finger and thumb are determined
empirically from a group of patients measured under similar conditions. As is clear from
the figure, the relationships between RoR and SpO2 are similar, but slightly offset due to

differences in the measurement site. Without being bound to any theory, these
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which then relates to a SpQ2 using a series of enpirically determ ned
coefficients. In one enbodi nent, for exanple, the RoR is determ ned by
first neasorong4BEB | R(PPG wavef orns, and then passi ngPCinamseaioosegh a

| ow-pass filter characterized by a 20 Hz cutoff. The averaged baseline
conponengdifesgnceanalay hadee & e aelatiwlyovedenaiiy obeapiliady bedsmeapihy bagaef thepr esent
RED/ | R( . t f.ar t.he ddi.t | | o £ 1111 € . W i gh- pass
Filter navimERe R BRsf fe il MO ARE Mnery SRl e reg
with a fimFiged iyl isear, @apukelyffunspOD Naluéndnging &ohy atuplo fHiledzow th a
vari able _gain anplifier. These steps can be done with either anal og

el ect r oniv@luse bglioyi 105 capbe pgeunted farayith a dibtepran apr-§neadRqdel spelr SUYK t hi s
filter a S0l ' WM .t hgs. 6 and 7 to
yield REDTRAG EGETIEERARRT, ORIt 1 8 ShECIIE o B C Bosed to
yi el d a ReRmiakdby fikdscthe begirical équat d anresBindinginathemetiat] ésction Shfie

RED( AC) / RE ) Rq R =1RAC) /I R(DC ig. 4 shows an enpirical

rel ati onéTﬁ%éE*gé‘i%@Hn%ﬁﬂé v HE%“PB%H éf@éﬁ@wgmants made at the base of the
thunb with the oxineterg,probg,shgwrdm+H 98ord) ARp2 (solid line), @ ong
with simlar relationships for neasurenents neade at the tip of the i'ndex

fi nger wQOphinaredofaflucts ier-s hehifd osdefificients pordyporfidingtd memsirasnts mnadt 4t hige

t heoreti cal rve for asur.e S e fromthe tip of the index finger
(large d§§sr?e°3;tlhe%ﬂ?\%é’§g§ﬁ“f“e]§pw%mﬁ% 8" measurenents made fromthe i ndex
finger and thunb are deterfm nqg smRide! CallTy TRQQ&A 9rdup of patients
nmeasured under simlar conditions. As isiclear fromthe figure, the

rel ati onshi ps between RoR|and SpC2 are sijm | arl07But sl|ightly offset due to
di fferences in the neasurerent—site—W-hout b% ag—beynd to any theory,

t hesedi fferences may be due to the rel atijvely T"ow density of capillary beds
near the base of the thunh as conpared tq thosgypn theg tip of the index
finger. The relationship flor all curves iln Fig. 4 is non-Iinear,

par ti cul diable ¥ ercodfici2ntsdbr eguatiomyd negjatimgRoRbto (ip ODfor niG@Bdrenvaitsismdeel ow 70%
can be aCﬁ&u t ed ; r Bﬂ% a different non-Ilinear nodel, such as one based
on a sec@htéctyer ﬁ’tﬂtyﬂ al. Coefficients a, b, and ¢ for this nodel are
determned by fitting the enpirical data to a correspondi ng nat hemati cal
function |ikeThBexfeenes S EASImAes ¥ReH 8l TSNOWYiil Aefadalfitanspedificbel ow  SpQ2
={a+b* ROR+ c * ROR2) x 100 (4) Optim zed values for a, b, and c

coef fi ci sfveleeghy elstho AfiDigsedinnhe pulse primeter piehe. afhis Kdeerase thefSpRe t hunb

are s howﬂleiag{lrg_rﬁglltefs %ndgﬁggt\gﬁy determined by the relative optical absorption of Hb and

HbO?2 in the red and infrared spectral regions, and absorption, in turn, will depend on the
wavelength emitted by the LEDs. The absorption spectra of Hb and HbO2 are relatively
flat in the infrared spectral region, but strongly diverge in the red spectral region. The
coefficients shown in Table 1 are thus relatively sensitive to the exact wavelength of the
red LED. For this reason, a series of empirical studies need to be performed using pulse
oximeter probes featuring LEDs of varying wavelengths surrounding the red emission
wavelength (e.g. 600 - 610nm) prior to manufacturing. Such a study, for example, is
described with reference to Fig. 8. It is typically classified as a ‘breathe down’ study
because it involves lowering the SpO2 values of a series of patients (typically about 10-
15) under medical supervision. SpO2 is typically lowered by decreasing the amount of
oxygen each patient inhales through a specialized ventilator mask; this is often done in a
room with a reduced temperature. Blood from the patients is extracted from an arterial
line and analyzed with a blood gas analyzer to determine its oxygen content.

Simultaneously, a pulse oximeter probe with known LED wavelengths is attached to each

15



Table 1 - coefficients for equation 4 relating ROR to SpQ2 for neasurenents
made at the base of the thunb The exact val ues of paraneters shown in Table
1 will deperdifsiose specific wavel engths of the LEDs uged/usnomiossopul se

oxi meter probe. This is because the SpQ2 neasurenent is fundanentally
det er mi neatidny (intikis easeat theebagped f@alth@ﬁ%)@néwwoweaﬂmeéhmR%Qesqurbedrfe red and

f d I h
vl engER AT ved g T B TRRRSRRA R kel M blo B AR 0 o

rel ati vekypidalligtrange ﬂr(hﬂ 70 nfI08rE dSisfeahdoab stugh ar, typidhllpddenging wilseer ge in
the red spectral region. The coefficients shown in Table 1 are thus
rel ati vePyimdeHgIehss ayige kD sewidle diffiasnt redrninsion spastar Bigon ppmplegien phij s

reason, e ché‘ss lﬁfw%wnéiwcgggﬁé#gbﬁﬁeﬁ&%ﬁ Qret}gla{%@rtif) @E@Edasucﬁ cf!?ﬂur%' S€

oxi met er probe eaturl n varyl ng wavel engt hs surrounding the red
em ssi onbyvahﬂebleasrggis apelyger, ﬁi):{ialculaﬁét_emfﬁcmnustarbtocnsrmmﬂbadhmﬁ”abig1 $wuch a

study, for exa i s descrj.bed w ference to Fi 8. It |s typically
ol ass] f1 SEACKY. nBlf%Ff‘élétSﬂé) gevHiceas Y Treidos Bedt Ry g o o avelig h]g the SpQ2
val ues ofrhae3@kirRSen® ad@ht 6 a]i'iﬁc%l %V@é&g’ﬂlﬁ e ABAMLpd R tol Abn NG LBULE 2

supervision. SpQ2 is typic | ower ed by decreasing the anmpbunt of oxygen
each pat ivelut desehidbdbelowr amgh)r@d mmectatédasezmdn@/femm dnghemrisawkrn trarisseiver. of t en
done in a roo

W 1th a reduced rature, 0 atients is
oy acted 11 ool R o FERG St b B its Ee bkl RN ERER e (o
det er m ne) |tﬁ§w%&%ﬂlsc&mﬁceDEDs Eierﬂékérﬁlmu%iéallﬁw@ﬂi' SRs Nt ESIbol Pbe with
known LED wavel engths is attached to eachpatient (in this case at the base

of the tHOwBYinaAdeHsspnspeivabotorectde LROR agethen seréad bynwarpleneitomnd 3) Sp2
val ues for  thig vfﬁgﬂe?g%%mggﬁ) ”gﬁl%ﬁaﬁ‘i’s Wl if Eh% Cill% 999%%%?(3@&&&%%

typical ly range aneous s I'es are y done
usi ng DUMngmmfaefurmlgpﬁhe%dm ingold&ls tomHelrirdiit B@dr&mindr(qﬂloﬁﬂl}sSI on
spectra. Upon caonpletion of the studies, the wavel engt h-dependent val ues of

RoR are fidnaeddvithe lapanpo give itpewell drfieed myisenes) B‘Il@éﬁth@é’éllséﬁé}%‘éfrpro?f‘o
| cul at f
calcula ?hcﬁ@ﬂef OI:;"lg 'ngl?? arpactlgal aglﬁ"éfﬁre#utpﬂ% \{llj?st%?rfagrsce var E%fsaa{

di fferent set en S W result for t erent
wavel engivhkage FThiesgh dmeiab]emoemmng mecto tteepudt axdmbtenpnobk drg tiergedshein vabuer espond

to, along.with . a resistor val ue_describe elow, are stored.in a abase
in nenor?ftarrpaﬁﬂag s fﬁsrw%qraﬁgbﬂe‘f%se grﬁp.l%?enf %F@Bf‘iﬂ"eﬁtj“%a}l

pul se oxhpRbeko-BioRREcdnferler ah@%r&%%@? a%ﬁ%ﬂ dstEJ&lcul&te tﬁet}@sﬂ’t@l\/@z{l@é"gt hS of
the LEDs are determ ned, typically w a resolution of about 1 nm using

an em ssilba Vslpeafmommmdotnéh@datalmném@lmﬁelm usert toesdlelot/thpappioprigiefa, Bind
associ at ed, wi a resi st d g n%{a {ah % that. i.s stored i
above. Ultimately thi

above- de ggc} i: 6%6 flalg{ngﬁig%cg e S maximizes accuracy ofn[he §802

calculation.

Measurements made at the base of the thumb provide accurate SpO2 values and
increase patient comfort. Additionally, the IR(PPG) measured from this site, when
processed in combination to the ECG waveform, yields a PTT value that can be processed
with the Composite Technique to yield an accurate cNIBP measurement. As described
above, an IR(PPG) waveform measured from primarily from the princeps pollicis artery
increases the accuracy of the cNIBP measurement. With an initial pressure-based
calibration (performed e.g. by the pneumatic system 285 shown in Fig. 23A) SYS and
DIA can be explicitly determined for each heartbeat using an algorithm described in the
above-mentioned patent applications, the contents of which have been previously
incorporated herein by reference. Typically, PTT values are processed over a 20-40
second time period (often implemented as a ‘rolling average’) using statistical filtering to

improve accuracy. To better define the onset of the PPG waveform, and thus improve the
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During manufacturing, the resistor is soldered to the circuit board (and
optionally trimed with a |laser to give it a well-defined resistance)

wi t hin t hwopoleseswsi meter probe shown in Fig. 1. DuringPam/tusetinaBooo
measurenent, the wist-worn transceiver delivers a voltage through the
cabl e coﬁ?@éftcintg which DY $ ped Plh gee dnterranesk tlmea serrespandige 6 REDE9oDAngal ue

ater pasglid LGHaN N Lesiakle. TR RbLA0S, d39Rnihiaczgd by the

transcel ve e "ana con pr OCGSSOI’ and t hen

used to eahaubdigid benicgdosli@bny@itha.feribRl v@dritg 1ihs, cMBP&ﬁ@@m%ﬁlehﬁse
dat abase, and ulti matelui%used to select the appropriate a b, and c
coef fi ci B figasidis Raade dwtlowmqrw@émtmrm@ PEP&%S ffapdards for @F%@cydﬁft he

502 cal syl A NEBSWIRORALS (TRARIA! PR OAREAL: 8t fThpEAK] de

accurate ues an |ncre se patient co ort It ona t he
| R( PPGQ ﬂamshjaqqxdaxfsn@malunslusliyt@pd\lwuanorpfcmmsmmg thh:Gpﬁinaachi[BE’o t he ECG

waveform vyields _a PTT value that c e progcessed h the Co S|te
Techni que to ?fgeﬁcf hais 8 dUETORPRNG B %faﬁ asuﬁ‘?f §uB &hq geg

| RCPPO) Rl QHIRTBARY R 08 (R0t kb Ui 200Ehiite o ﬁaﬁgepah%lnlshwva artery

i ncreases the accuracy of the cN BP neasurenent. an initial
pr essur entsaseed fralai Yrwtomshpefipdiffam thedipeofdingoywithe Cpmmaaﬂy: a@ybblem 285

shown in Fi SY DI A can .be explicitly determ each
oar t beaf g Al 45PN oA et eatR b b PR 4 afon
appl i cat beitsotert fREbLCAMEGHAE B yQimIMY 16 hhd@@r«ambﬁﬁmgpr1eaﬂdwabwmgnm@r por at ed
herein by reference. Typically, PTT values are processed over a 20-40

second t mﬁés%émﬁlﬁdln(adﬂtaéﬁ%lﬁ?)f@rﬁ@ﬁlze‘@lasaﬁ@t%tedrﬁﬂm |ew§1 lagasicagdioy thest ng
statisti &a nfté dnk GLILE 031 {nﬁu'b&%@{ ﬁoﬁcaglﬁe @Qshl%n‘?,[% VS'?J-Z Qegi e t%@%?t of

t he PPG I Mpr ove ccurac

determ neﬂmehSquﬁemQrAegpxm@Imgq the dﬁED(hEQ@tr}:laamfdrlﬁﬁefseme)asﬁé@eﬁtypq cally
averaged together. Wwen conmpared to SYS and DI A val ues neasured under
clini cal we%lﬁaﬁneaﬁ@nw ﬁlﬁoraﬁe%%?%ﬁt 17 SePRdpr ¢achancagnr Bt dlrdhent s made

fromthi (=101 a s for
accuracyi?@%&g 5%%1%% ﬁgrtet an é&deg\g/:t ‘g? }Mgtﬁm(r %ﬂ%mig—&ﬁ%}g%rp §)Ezhlnfglaéa}gd ot her
reasons fingertf€¥)af - Q&%O%anxbtlﬁmpmdml deviabien af theidiffieetyceg xod39 6a3d.i on f or

measuring both SpO2 and c¢NI BP. di rect conparison between
Sp2 neastreYerr %“felﬁfémﬁéﬁﬁv%far?ﬂl% ‘ff%é Rﬁ%ﬁggl p of the index finger froma

group of 20 S?ﬂ%@?éﬁs@o%ét&%&&emﬁﬁ%1&é%b%1s%§ r%@%%%@oﬁ@ﬁet@ pedy-second
period fromthe tip of fingér with a cormerma% avai |l abl e oxi ma%er pr obe,

and t hen woor mengoimssyatsine shewin odbigs. cﬂiﬁAt amei %@s@ad)fnetame& a‘mlrﬂmawzcmE@G _
oxI met er A%é),q&ﬁ&’?’%})%ﬂa IHQJIJP\G)SV{/ar\Ue s tto charac erlze(%he patlen!: S 9%1 signs, cﬂ:gree During

t he
of motion, activity level, and posture. Fig. 6, for example, shows the various time-

dependent waveforms measured concurrently over a 3-second period using such a system.
The ACC waveform represents a measurement along a single axis made by one of the
three accelerometers incorporated in the body-worn monitor. Typically this is the
accelerometer included in the wrist-worn transceiver, as this site is closest to the
measurement site for SpO2. SpO2 values are determined by measuring the red and
infrared waveforms between the peak and foot values, indicated by colored triangles in
the figure and described in more detail below. Typically these peak values are
determined by filtering each waveform as described above, and then taking a first
derivative and evaluating a zero-point crossing, indicating the point where the
waveform’s slope changes from a positive to negative value. Values for these parameters
can be averaged over several pulses and processed with statistical techniques (e.g.

averaging after excluding values outside of +/-1 standard deviation) to yield the
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ca niques (e.g. averaging after S

statisti exc out si de of

+/ - 1 st defiigddegtercs aM@edvet, Qs eedribed hﬂlﬂﬁfé/ddﬁ(lp&ack\)/ vwlﬁﬂ Itd&$erfcelto Fipdi vi dual
pul ses wiithin the RED | R(PPG wavefornms. RED/ | R( foot) val ues for each pul se
are usedfdd —PHiuBdbed Breforsnand Bnasiedated R SysnRlsHss @ e elptigplycessed with

statistiga }e ndi | A, ﬁlsco%%&rthé)ﬁ h?liéo 'Etﬁ?(ﬁ)o@ﬁvg A% VRYGIorm i

best cal cul'ated by neasuring a mt e second derivative of the
RED/ | R( PPish QRS ebmphes.caRktive B Dﬁl)arkﬁalouéfaiu(cmd)tfoshﬁwtmgM(ﬁ keznhlis guthe)twar e

(7P cal| fl! SLILRES, O, SATRLLRG, L o) et o, gLt sy g anal o
El ect rOd%ﬁn@@ﬂ%f &9edta QRS RISk o. %Cﬂ“@:ﬁs Rﬁ%&@t@ﬂ@&{u@ﬂtuﬁ@ RAIYELG circuit
in the body-worn nonitor neasure a three-lead ECG wth show ng a
t i me- depéniight RED/IR(PPG) waveforms at times within 500 ms of this feature. If

RED/IR(foot) and RED/IR (peak) cannot be determined during this time interval using the

first and second derivative tests described above, the algorithm determines that they are

immeasurable (most likely because of noise in the PPG), and begins searching for similar

values corresponding to the next heartbeat. If the ACC waveform indicates a high degree

of motion, then the RED/IR(PPG) waveforms are processed as described below to

determine if foot and peak parameters can be extracted from them. If not, the waveforms

are determined to be immeasurable, the first and second derivative tests are not

performed, and the ECG and PPG waveforms corresponding to the N+1 heartbeat are

investigated. This process is repeated, typically for a total time of between 5-10 seconds,

for as many heartbeats as possible.

If no more than an acceptable level of motion is present, as indicated by the ACC
waveform, then the values for RED/IR(foot) and RED/IR(peak) can be processed to
determine an RoR for each heartbeat. This value can then be analyzed with the statistical

techniques described above to limit artifacts and ultimately generate a SpO2 value with
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The ACC waveform in Fig. 6 provides an accurate indication of the patient’s
motion. Typically this waveform, along with two others corresponding to additional axes
of a coordinate system, is sensed with a solid-state device called an accelerometer. An
accelerometer is typically a micro electrical-mechanical system (MEMS) device that
measures the acceleration of the part of the body that it is attached to. The ACC
waveform measured by the accelerometer features DC values that indicate the position of
the accelerometer relative to a gravity vector, and AC values that indicate movement-
induced acceleration. Suitable accelerometers typically have a response times less than
about 1 microsecond, and are thus more than adequate for detecting most types of patient
motion, which typically occurs in less than 15 Hz. Processing the ACC waveforms yields
at least three valuable pieces of information relevant to the SpO2 measurement: it can
determine 1) a patient’s posture; ii) their activity state (e.g. are they lying down, walking,

sitting, standing); and iii) whether or not the patient’s hand in moving, thereby indicating
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any DC of fset values (REDIR(DC)) supplied to the differential inputs of
the anal og-todigital converter; these inputs are indicated, for exanple, by
RED/ | R( DGyoOl2atvel48206n Fi g. 22. Once digitized, these val mes/usanoobmno be used
to calculate an 'effective' DC value, RED/IR(DC*), for both the red and
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accel erati on. FaUi7tsBbie 2 AGGEIAFQAREY RSy AYAbS@thhy3 YN ctBePPNGantihédEsS | ess
t han about 1 m crosecond, and are thus nore than adequate for detecting

most t yp&sOaf S¥atanddRI Avalangnwithyhpatient y plogiani BosBee wnd activitydeeelt hyan 15 Hz.
Pr ocessi ?%CE&? 'Afggtl V&p?%ﬁéﬁ@/%Pﬁ& lE%’étanhbﬁgéé Wa@g,t%gpl gth)vn 1916151

i nf or mat Fon Felevan asu ‘enent can ermne 1)

patient’ 6. [Ibshlpoeithoh B} bbglﬁs withGhdagiring e B0G, REIYIR @PE)] AiryACY ng down

wal ki ng, sitting, standing); and 1) whet her or not the patient's hand in
movi ng, tHEFEEYS (Mer O&l @ﬁ@ fsasuree ‘F?E\D@F’P?B’)CP\?‘%?CGF]%O%V%%“%MUpt ed

by noi sey, S
Addi ti onai)@}gglgt}:lggﬁgflﬁggy oP4 ﬂaﬁﬁd %&éﬂ \(R/aw\l/lgl %Es%)‘?ggﬁ(ﬁéﬁé%gaﬁﬁgu S ar m hei ght ,
f r om whi shvéipdnogtcatd¢asuret avigebe pmlsdabxmdatqmrped&:tdeecrd:&d abevee atd rhetkE(dGand used

to cali brw%gfgfo}’rpl?s gllyés%ﬁzdnv%faﬁ o E@ 01rcu1t t at%r?rﬁr?zﬁgs z];n ]£ZC8 l%talng %ttac%es to
at least three electrodes worn on the patient’s chest. Three accelerometers are typically
disposed, respectively, in the wrist-worn transceiver, in a cable that attaches to the
patient’s bicep, and on the chest proximal to the ECG circuit. A series of analog filters
(performed with hardware components described with reference to Fig. 22) and digital
filters (performed in software using well-known frequency-domain techniques, such as
using a ‘matched filter’, described below) process each waveform to remove unwanted
and relatively high-frequency electrical and mechanical noise (step 36). Such filtering,
for example, increases the accuracy to which data points corresponding to IR/RED(peak)
and IR/RED(foot) can be determined. Typically RED/IR(DC) values are determined
directly from waveforms that pass through a low-pass filter characterized by a 20hz cutoff
frequency, as described in equations (7) and (8), above (step 47). After filtering, the ECG
QRS for each heartbeat is detected with a beat-picking algorithm described, for example,
in the following reference, the contents of which are incorporated herein by reference
(step 37): ‘ECG Beat Detection Using Filter Banks’, Afonso et al., IEEE Trans. Biomed
Eng., 46:192-202 (1999). Heart rate is typically determined from the inverse of time

separating neighboring QRS complexes. Degree of motion, posture, and activity level are
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of these scenarios is summarized below, and in detail in the follow ng
patent applications, the contents of which have been fully incorporated
herei n bywoebsrwsmwe: BODY- WORN MONI TOR FEATURI NG ALARM BY SIS 10/629D00
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"matched filter', descri bed bel ow) process each waveformto renove unwanted
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correspoﬁlV ulde dérﬁéﬁ%é éﬁ%} Yjeq?%?ﬁ‘:rlf)? B chglgx Eg%lx\(?éeﬁr% ne Typ| cally
RED/ | R( D@)oc\i@ﬁrl.ge@pﬁﬁlﬂ?y dﬁbl%mfui&ﬂr dllgttem ﬁyeﬁﬁgouhb vavefbani lchabe aﬁys s through
a lowpass filter characterized by a 20hz cutoff frequency, as described in

equat i on§igh7yeqgaey mjise. a%thénégﬁegﬁlnzr%)m/ﬁ?@@ﬁakwab@ﬁ 595! the KEstEeVaRs f or
eaCh heagf @a‘%ﬂtwd\?foﬁiﬂ%t Q&&ﬁQPPﬁGf}E V%@é BinGlé O&oftd 98{1\&5& QQ‘oﬁQ RA REEDmT OF
exanple, 1n the follow ng reference, econtents 0 are |ncorporated
her ei n bystepedDr éhdmir(gﬁqm%))tlorﬁs%teﬁmatedmebeptebm this alzgriffinh pecedsanés’ |
Afonso et al., | d Eng 1999 Hear rate is
Cyol cal | gndtuieshah REP/HFBREY HavFiaver Calestmris M3k QeoHed ALFYHBD (15 ORs
conpl exegq) DaRh&Ra19kis, TEBP é%pl@%ﬁ H{x%lvead&%p%ctmgﬂhws deual cahfihen plater m ned
fromthe nine ACC wavef orns, described in detail in the abovereferenced
pat ent apiohi ezt drdwegh ofzhe PBEi weweﬁorbélt@w Kstvape®@)pulEachllegfedtdueing apar anet er s

period of relatively low motion. In this case, the comparative method can be a linear or

non-linear numerical fitting algorithm, such as a least-squares or Levenburg-Marquardt
algorithm, or based on a standard correlation algorithm that determines agreement
between the immediate pulse and the known good pulse. This latter approach can be
implemented as a ‘matched filter’, and is described in detail below with regard to
equations (13) and (14). A matched filter algorithm, for example, is preferably
implemented in step 36 to improve the signal-to-noise ratio of both the PPG and, to a
lesser extent, the ECG waveform prior to processing these signals. Or it could be
implemented during step 40 to determine a degree of correlation between the immediate
pulse in the PPG waveform and a known good pulse to determine if the immediate pulse
is corrupted by motion. A derivation of the matched filter is provided, for example, in
Turin, ‘An introduction to matched filters’, IRE Transactions of Information Theory 6:

311-329 (1960), the contents of which are incorporated herein by reference.
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value of RED/IR(AC) is determined in a similar manner from the RoR values determined
for each pulse (step 45). The algorithm calculates cNIBP values of SYS and DIA directly
from the averaged PTT value, as described in detail in the above-referenced patent
applications (step 46). Using equation (4), it calculates SpO2 from the RoR values
determined during step 45.

To accurately generate alarms/alerts when continuously monitoring a patient, it is
often necessary to consider both the patient’s vital signs and their motion. Thus, during
step 50, an alarm/alert is only generated from SYS, DIA, and SpO2 values after
processing the patient’s degree of motion, posture, and activity level (determined during
step 38). For example, if the patient is determined to be walking with a normal gate, it
can be assumed that their values of SYS, DIA, and SpO2 do not warrant an alarm/alert,
even if one or all of these parameters exceeds a pre-determined alarm threshold.

Conversely, an alarm/alert for a falling or convulsing patient would likely be generated
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val ues f gatidEBotiRh fagofopin@iicthRabY eRefealcrd patntappliseidnt ahe admedtabe bot h SpQ2
and cNIBP. For the cNIBP calculation, RED I R(PTT) values are determ ned
from t he Whighehayr beest Rigriouely ingomaraed breefeierars and RED/ | R(foot). Val ues
correspondi ng . ) } en the
REDI 1 R(1 oot ) And"RER] Rep SO g e IR he 6 N RO o)
and bel owig. 2 aadpaidessas withGhe alkofi)hm Thiven i l8p.dscareRoRweb wideathht analyzed

heart beat - i nduced pulse in the waveforns. Both | | RCAC) and RED/ |.R(PTT)
val ues aWéfhtaf}%Pefgg%o%ﬁnaw@r _W&‘}Fg‘d%? AT REA AN VEaE o Batypa

pr e- det epd Msde ReFd QileERNALA% 4 EQVARMA bilihe d3AnSRERNHRerefSh(dD$Hlues
subjected to a series of statistical tests (step 44) ‘that typically involve
t aki ng t helaberlthyeohmetest werd aydeniatdadly ilowered froachneralalizalow eeartlRe AOpe
period. A

‘ralli ' | b d duri 44 hat f h
Vel ues afetingri B B3EanotE Ja R TRne by spifialtiy BP0l of one

st andar digiend. ah it@al, A kigtadoaita gereahastidedif6eddcl shgER\REs thandngden t he
average is recalculated. The final average value of PTT is then determ ned

as t he aWBdoaigampiestipiethgbiaodpas aREryer Refaxtiacied [ugiag anwhidwellingesatheieal aver age
val ue of RE I ] .' | fal af. m RoR val ues
determ nél(ﬁlﬁ %I}ﬁég%%veiﬁﬁ?lg%%%é? égﬁg’ﬁk&@%y gﬂeﬁgéjfmﬁgg} é%%ﬁ't Ee)g%lclﬁl val ues
of SYS amthpblinfeadineeatdoydihg aomhk heveaer agedb&MHervial (steywrpdoteseyided i n det ai |
in the above-referenced patent applications (step 46). Using equation (4),
[t cal CUPRFRC SN FE Hin SO0 RSRIG by 160 WelBRe e alieios§- st by HES g
accurate gshe I I At NHL A i ent,
it is of 'Itt%?] necgetg(}sngﬁ 38/6 '?ﬁ%ﬁ??éﬁ%m%‘gﬁ@ %ﬁ’g&%g? ?gﬁt% Wg@gl Ptg ‘g‘%}gﬁ@%n t heir
not i on. Thdispalyhediwith spreptite, syatemahad mdadaer the efficacy §f the neveati@dddscobrdSYS,

DI A, and SpO2 val ues after D ocessi na the patient's dg ree of ggtion,

post ur e, DEEH- Aoy FE GFPeEve f”rli b RTREWHB APR Sty 9y ﬁ.y SESFMekddbl e, if

the patiepb; frsmdfl 8faphN@fela@oR €oMlalila1g 10W thOQ VAREIR o GRE@ nehil 7(CR DR
assunmed that their values of SYS, D A "and SpQ2 do not warrant an
al ar m al erworse than that for relatively high SpO2 values (e.g. those near 95%); such a

measurement response is typical for commercially available pulse oximeters, and is
primarily due to a decreasing signal-to-noise ration in the RED(PPG), which decreases
with SpO2.

Figs. 9A,B — 11A,B indicate how different degrees of motion from a patient’s
fingers can influence both ECG and PPG signals, thereby affecting the accuracy of both
SpO2 and cNIBP measurements. In these figures the IR(PPG) is shown, as this signal
typically has a better signal-to-noise ratio than that of the RED(PPG). The ACC
waveform is typically measured along the vertical axis of the accelerometer embedded in
the wrist-worn transceiver. The magnitude of the axes for ECG, PPG, and ACC
waveforms are the same for all figures.

In Fig. 9B, for example, the ACC waveform is relatively flat and lacking any
significant time-dependent features, indicating that the patient is not moving and is
relatively still. Consequently the IR(PPG) in Fig. 9A, which is strongly affected by
motion, features well-defined values for IR(foot), indicated by marker 53, and IR (peak),
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even if one or all of these paraneters exceeds a pre-determ ned al arm
threshol d. Conversely, an alarmalert for a falling or convul sing patient
woul d |'i kebyotoersgmser at edeven if the values for SYS, DI RCTAISA0180p8D0d al |

within the pre-determ ned alarmthreshol ds. Specific_ nethodol ogi es for

al ar s/ alishiqased hamagken st deikeyise tha/E€ Gl wasiefas h@rq@at%ﬁtcomﬁWomdwa@df ound
in the aho fer i 0 ave
been pr e\B éﬁaslfe?/ S?hcglrcgorgf&sgg{g ef(rf(%trltllt Hipe hﬁam cP{__a?e %l%ﬂé%?)? Edat a

col | ect edndcNIBR hﬁu@waﬁeylﬁdalryﬂieﬁfccmﬁﬁhede&élﬁmﬂed durfo g)enads’:ldildltﬂé @p@@sed with
the algorithmshown in Fig. 7 correlate well with that anal yzed with a
bl ood ga&o4Kas f}ﬁzléﬁhcatﬁﬂitbﬁﬂleifhcght’%’eﬁ%@é fépPB8sents a 'gold standard' . Data

shoun T the. H.8UIEA ¥Ry ARk AL oANELDS R CaRYEnt ifRehoRRaL e ggwn

study, wherein a ues of heal t unteers were systenatically
| ower ed TRGPCH wuyefminsvatlsmhoxmehy apOai ot t]h@dahechbmo@(hmlFlga](lBa fingar about 70

%R by carefull ling the subjec t ot al bout
20 data pUtQRds %@tﬂg FF@Q% egpendsp ‘th?lé%ﬁ @égg 8&@% %mt glrml%ﬂfa
sanpl es f,@ficH D d L0 08 RNED, yv@lﬁéh ¥ELiSts 81t { BEIE8Lls USinNhe @Bcdnf- @RIk Ng
catheter, simlar to a conventional arterial line, inserted in the

subj ect s in staki cahtragt tethg poDameotithe ARE gaeghdrmmisabe p@dedmg daniﬁcrhgox 66,t he

i nventi on,descr.i bed her shown al o t he axi corr with the
bol a5t aRdTRERESndFTRoR PR MaROP IS tdRaly &bt SR ER R Bl ¢
correl at afitt Sssolaidd YRS canflex N isdicneteb HmdR¢t 81.1 BOt the bt c¥éRs aDat a were
coll ected and anal yzed with a prototype system and indicate the efficacy

of the i AVeeRARMNHeSdsioim HehelR{PPEhapveiraneRpeciienlys whtruﬁl@m@?thnn@r ove

th a pr rrelation
¥V|or rel g{ﬂ gﬁze?gwq%at&hélaelscé?g?p% df% té c?gkee?ﬁg%é gr%ﬁ E)&}éﬁ) %(ﬁgated ]ge t han It hat
for rel aimaviedr$7hbpdurSpGRe YRIPPED v&(a@e@)rmt N$ebumeas aﬁi‘%ﬁfact&hﬂhm&hﬂ&‘@&ﬁéeﬁﬁent

response |s 2¥£|0a| for commercially avail abl e pul se oxineters, and is
primaril$ a@ 6 ZavaoEPeeriilhhe BrignaTrr¢ted Av? BYSG %&rttfawng RothefoRERPIaK,  whi ch

decreaseg, E)P%téﬁ)?wadé &é’alﬁonal %lfﬁe?ﬁnh&dﬁ@%tﬁloﬁgﬁ%%'t%%f}flggét degrees of

noti on from ati’'ent's fingers ca uenc oth signal s,
t her eby ahhdet 58)gmtilpealacmrkat39)©f tHectibse§péR palrsel nt:tﬂleEBR(Rﬁ(é)sxuat\e:Iﬁtn‘nt,s. In

t hese fi PG own, a this nal y ally has a better
Cooer |t kB e O B e g e Thale B i s

typi cal Yie%ﬁ%%ét%i«eaﬁﬁﬁg rhth&: HeL &ﬂr&&'ouﬁi? ﬁlﬁer?fretﬁl@Qhé%g(f@alt@rEQ neﬁa@iﬁgdded in
the wist-worn transceiver. The nagnitude of the axes for PPG “and ACC

wavef or menagewateheluss e bodr SpD? afid @Mf% an algorithm described herein can disregard

them based on the magnitude of the ACC waveform, and continue its calculation of vital
signs once the finger motion is reduced to an acceptable level.

Figs. 11A,B show the affects of a major amount of finger motion on both the ECG
and IR(PPG) waveforms. Here, the period of motion is indicated in both figures by the
dashed box 65, which contrasts with the preceding period where motion is not present,
shown in the dashed box 66. The ACC waveform in Fig. 11B indicates the finger motion
lasts for roughly one second, beginning and ending at times indicated, respectively, near
markers 68 and 69. The motion is complex and peaks in intensity at marker 69. Even for
major finger motion the ECG waveform and its QRS complex, indicated by marker 67,
are relatively undistorted. But the IR(PPG) measured during the period of motion is
strongly distorted to the point that its peak value, indicated by marker 64, is relatively flat
and basically immeasurable. This makes it difficult to accurately measure IR(AC) and
the subsequent SpO2 value calculated from this parameter. The IR(foot) value, indicated

by marker 63, is also distorted, but to a lesser degree than the corresponding peak value.
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In Fig. 9B, for exanple, the ACC waveformis relatively flat and | acking
any significant tinme-dependent features, indicating that the patient is not
novi ng arwloi2e1weBasi vely still. Consequently the | R(PPGPCIrfusEdg/o3®s) which
is strongly affected by notion, features well-defined values for |R(foot),

i ndi cat ed by Mafkdrws3n F%ﬁd%ﬂ%péé&)B lnﬁma@dh@dn@yow&@rdemted@hﬂew se the

ECG e e QTR0 e T AR, 5o SO SR THR SRic el TS

undi st or £ e fi Ures indi Cat

cNI BP vahli@ss 6] aligifibgalyl, yhake aauedts &Iaﬂin}gs deﬂlerpmsaﬁsé diuﬂidtim 1251 b@dﬁplef
little or. no notion, as indicated by the ACC waveform.in Flﬁg)gB Fi gs.

10A, B sh&EAHIN (H-135pveaisiditassipgle RnORg\@ﬂuerﬁ@f pash patsede thedtf IV IRHP@CG and
| RCPPG) %V%%WHO@%@%E%’\@ @Xd%%f&iaﬁiﬂg?&% s ehn %&aﬁ;@ it kg 108,

finger notion 1's mani y a timne- nge vvaveform
t he begi anbmg oot RaRi aah he$a]cnmteda”beehcbylemifdaenf 62yes\ihing kevped Sieatteafsor a

little less than ,one _second. This is in stark co tr port on of
the ACC REAVEFBRAT f%ethﬁ@tﬁ%wa.% SEASHOECHBR (SEPalh ﬁpbﬁda@& ®not i on.

Fi nger ”QﬁlgférR&@%aIQ@%IP@é é%ngg igfihi&fbd 89 d&ﬂr%n%%ﬁ‘@ﬂl@é%ﬂhﬁ@ﬁ’e ' tS

associ ated QRS conpl ex, as indicated by marker 617 But the notion causes a
m nor ambBEYIRPPE) stagefivion asHeschided RiPeQ)ithveiatmerny F@se%zi\;‘Bea]lllﬁyB when t he

notion i s naxi,n ze ti.me,carrespondj r .a small
burp | nd cat ed RO 7, b S U R SRE S R B e Rl e b unp
an arti f@?gts thatr, 1hmhit Hﬁ:ﬂﬂ}as&%ﬁ@l@fsublmlo%cﬁ‘et%&@f\w damﬁﬁéﬂlt@ be

m sinterpreted as a pulse containing both a foot and peak in the | R(PPG

wav ef or neoeigpeding it RED/IRGBPG riae cléwefed fiopt the doadiof eaahtpilsete it oot ( mar ker
58) and Qg%é(sﬂ(g g ﬁgatkS 8&681&1& g c?eLé eglua%gge pmes ﬁlbI 1%85‘ Se cﬁgula@d fg\@vef orm
maki ng it Icu

0 accurate meters using the

derivati vghitesd ﬁuae@c‘dflob@ybla@@vg miwﬁesﬁoaaﬂlgrto Bb zﬂz) Qﬁd OmMeQushy periods
interpreting these features and generating inaccurate values for both SpQ2

and cNI BPf ngmogipgawsidetermnied dronbig Afel avayeloams. dO@?fe@am@ptOﬁémh péioedrcon t he

magni t udg th .wavef or nt.iLn S ¢ ul f vital signs
once the Fl%léngrfrDtglF Venpsulré u ﬁ?gggﬁesasg%gﬂ) a‘ia%e eovfgiatlg%fa? 11A B show

the af f eedchniahiesd ded}ibed Rrautdil bedbw f o Rg@Matedhiadfuren Ro® for b fgeveﬁ@iﬂsan dhlsR( PPG)
waveforms. Here, the period of notion is indicated in both figures by the
dashed b&eRamn thgs Q@rfuétb?rtnra%ets APt Auttide prleted AYSpRHMSHY ISP ECRERT on i s

not pr es%Qsteﬁ oﬁ@ﬁ%atid@ Hall ﬂleda‘i'i%giﬁ?%eb 91% reﬂﬁl@el@g&lﬂ@t}é ahe (E]EQ“B% Eésg:r 1B

i ndi cate e finger notion | as one secon gi nning and
endi ng aupddterese wheh cahgaed roethpﬁmthodeismcmﬁhwuhaqlhmm (98 waitth caRulafdre noti on

's compl Jeli(st ggl%gﬁefol&{s folrrf]:acl:hn}t)u Qesllntt e ﬁ}EDV& 55{}) wavefE s, gucil a measurement is
described in more detail in the following reference, the contents of which are incorporated
herein by reference: Wukitsch et al., ‘Pulse Oximetry: Analysis of Theory, Technology,
and Practice’, Journal of Clinical Monitoring, 4:290-301 (1988).

Fig. 12A shows ACC, ECG, and RED/IR(PPG) waveforms measured during
periods of no motion (indicated by the dashed box 70) and motion (indicated by the
dashed box 71). As with Figs. 9A-11A, motion in Fig. 12A is indicated by sharp, abrupt
changes in the ACC waveform generated along a vertical axis by an accelerometer
mounted in the wrist-worn transceiver. The ECG waveforms shown in both dashed boxes
70, 71 are relatively immune to motion, and thus feature QRS complexes that can be
measured easily. They serve as fiducial markers for analyzing the RED/IR(PPG)

waveforms which, unlike the ECG waveform, are strongly affected by motion.
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maj or finger notion the ECG waveformand its QRS conpl ex, indicated by

mar ker 67, are relatively undistorted. But the | R(PPG neasured during the
period ofwouopiwmsios strongly distorted to the point tharCirituszpeatial ue,

i ndi cated by marker 64, is relatively flat and basically inmreasurable. This
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aver aged PR C ABRA| TPQEP G Pl gsb s eddt BraeS oYl VRE TR
val ue. A_@H’ar&&%z%'d%ﬁreﬁﬁ%légré&ap@&rcgl@e fihQAgky ARfdoHeneadiby ARley during
pul ses within the waveforns, as described above wth reference
to Fi gs. {194 bdsh theHAEDBR (G ew matforvesl fyr edeb Rnzaintdrenl cabhcindated bystheng a met hod

indicate chematically i Flgs 12 | n this nethod, | ti

' sub-r at 6@1 @@%ﬁ%ﬁﬁl oVdhe EBS@(‘}PE égfp&mﬁﬁagl?ate%w%eﬁp%gw@r e

cal cul at egh by QHWMI@(%) frpt% gPJpheéi%QaRl'éL S€edch of s EQAth 9@1&%”'&?& MiRedbelow
determ ned as descri bed above. The sub-ratios are calculated for each tine

i nt er val bpkqaationypd)cal |y 33 nms, corresponding to 30 Hz) and only during
peri ods of no notion, q det er@_ ) C Once 310 group of

sub-ratios are determn rocesse( th a

¥ B P A | — AN . ;F S
ot b P e PP e L BN o st Lt
. 9 Ptrmg(z ) e ) pr
for multiple pulses. A pulse oXine a urenen as n sub-ratios has

t he advamﬂlagaeRE]D/IRe]DﬁgarrcieAMBIEelTXDEc) attr atenah eavhstgntahfoagh@n thepdat e rate
when conpar ed E t he thod ssociated with equation (9), which cal cul ates
just a sFRYeeU SWnﬁcﬂre IRO¥ei n t he RED/ | RCPPG) wavefornms. Such a

measur ement i SpAeRCL {h*affﬁuérﬁ iSRSt EnE\Gh Aithe dub-hhEs 1fnqi1 oW hakgregpce, the
contents of which are incorporated hérein by referénce: Wkitsch et al.,

' Pul se Ogommgstot gnd svat Wneszanatldﬁmahc/grap'}ecﬁhw og\be staidti@lyqroeesed widuz nal  of
REDY | R PP B Brisel RO ec T UL SGE TG TR Pr GHmE T Rat ed by
t he dashedeRfee, (Pdetdntind®h *&fécﬁt&ﬁbl@afo?@a&yplﬂﬁﬂn the RED/IR(PPG)
waveforms. For example, each value of RoR(n) from equation (10) can be processed with
a weighted average defined by wit(n) to determine the effective RoR, as shown below in
equation (11):
ZZ:?ES? RoR(n) * wt(n) (1D

n-peak
z:n—>foot Wt(n)

ef fective RoR =

In one embodiment, each weight wt(n) is determined by comparing an SpO2 calculated
from its corresponding RoR(n) to a preceding value for SpO2 and determining the weight
based on the correlation. For example, if the preceding value for SpO2 is 98 %02, a
value for SpO?2 in the range of 70 — 80 %02 calculated from RoR(n) is likely erroneous;
the RoR(n) is therefore give a relatively low weight wt(n). Additionally, a relatively large
change in the RED/IR(PPG) amplitude during the sub-ratio measurement period n

typically indicates that the corresponding value of RoR(n) has a relatively high accuracy.
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dashed box 71). As wth Figs. 9A- 1IA notion in Fig. 12A is indicated by
sharp, abrupt changes in the ACC waveform generated along a vertical axis
by an accebertyms®s nounted in the wist-worn transcei vecT/Ush@0Bg8800
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equat i on afd Bk effecRERRRGIud cah bR)esimMEPERRGhe Rbetticleh®)derivEEREDMRRSGST.N + al 2)
+ RED(DC) - AMBIENT (DC)\ RoRr IR(PPG n + a) - IR(PPG n) 1 [IR(PPG n +

al 2) + | R(DC) The dpsBegirx DN Fighé?A IRERYGsR DO)e combliaypy ERtDT)Where assunmed
to b
Bgcaﬁs gogﬁotf&ﬂ%dt &Qm? 'Y ,'S%E’éékg i1%nd Rbbrﬁ%d%%‘ﬁh :tl}lg[l? 8% esu%ﬁglé mﬁg%cé?t%%e

rel ati veh;orplﬁﬂ@gwﬂth@REWMEPGb bvfa{fﬁoiofﬂ{ ivdtilieaving hTtﬂneaf@a“capﬁ]tthre@ can be
statistically processed with a vari etﬁl of statjstical techniques sone of
whi ch ar &aeisen; ki 17R shaws disgved it <8H@éiwlaé@fe¥r@,ra%@lg wsh a@rl@m% an

‘effectiygy ?E\’% Ex?&;s GG Ridh ?ne' Waye Pérk E’g’c@an rﬁ/F Qsuigxanpl e,

each value o from eq ation can e pro sse a wel ght ed
aver age deti:rmlmdd bFonvdxampld, appiElae«)mDﬁ]the fine aed f@ohd ﬁestlaeﬁeyatazs tesisocmuldel ow i n
equation 1r$ icate twoRsuB f];|s1)ve pulse l\{)ith(thg pulse between markers 74, 75 and 76, 77 yielding

sub-ratios indicated, respectively, by the dashed lines 79A and 79B. The actual pulse,

while still affected by motion-related noise, lies roughly between the markers 74, 75, and

results in the sub-ratios calculated according to dashed lines 79A and shown in Fig. 12E.

These sub-ratios are relatively noisy compared to those for the motion-free measurements

indicated in Fig. 12C, but if processed with a weighted average like that indicated in

equation (11) would likely yield a SpO2 value with suitable accuracy. In contrast, the

‘pulse’ between markers 76 and 77 is not caused by an actual heartbeat, and instead is an

artifact resulting solely from motion. Thus, sub-ratios calculated between these markers

76, 77, as indicated by dashed lines 79B, result in artificial data points characterized by a

large variation, as shown in Fig. 12F. The presence of motion, as indicated by the ACC

waveform, drives the algorithm to remove these data points from a SpO2 calculation, as

they will not result in an accurate value.

Figs. 13A-D show an alternate embodiment of the invention that uses PTT to
estimate if a pulse is corrupted by noise, and if so deploys a ‘matched filter’ to process

both the RED/IR(PPG) waveforms to maximize signal-to-noise ratios of the pulses

therein. With this embodiment the body-worn monitor can determine accurate SpO2 and
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effective ROR = n(r)peak n foot W <X> In one enbodi nent, each wei ght w (n)
is determ ned by conparing an SpQ2 cal culated fromits correspondi ng RoR(n)
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fromthe coefficients derived fromthe fit. The dashed box 7 in Fig. 12A

i ndi cat e QRS moktbe twrpf thedREPG) varaforon %emvﬁpuﬁwtryglcaby igd inplage eBent in

t he ACC turn stro i nfluence h of t he
Ry 1 R ( PRGERBT e ghitt Sritor HET b hp ke ek dne e RReE e Bks:

Fi 9. 12Dfshawsa sihep, @iyl ibardbR( RE2GInfoaMafyomakisl @B e hhiRg @Eﬁéﬁfaﬁhz?c‘l 77

i ndi cating various points along the waveformwhere its foot and peak, in

t heory, €u¢. dIIHéIScr@ﬁfeﬁhmIR@H’G)vaeé@rmﬁ@ﬂ@ws apf)fqatm byAbaE 22Banst ity &0t ind

second fir deri e ul d indic Lve wth
t he pul seypﬁ)catu\)(ecélr?u%:r é/rtgﬁ%%h nddé gftlhfélw Y%\%ﬁgéﬁt petrg%trj)rél%lgndl cat ed,
respecti y@hy initiyl ﬂlféﬁng&sfmd)vblh@ﬁfr&ﬁﬁna}ﬂﬁbﬂ&Bnd ﬂfféﬁ létﬂitnlyg’iforlalﬂsﬁ)epom\ﬂ”ll | e
still affected by notion-related noise, lies rou bet ween the markers

74, 75, sHgsipesBefesinatortheflavishpspheyen tdrigyl 3R & a]ééisﬁe&mwgdtdsﬂ%gtﬁ@d li nes
79A and $59WMAG R %Qess slszlﬁea-{élfeﬁ)?céﬁjs@cﬁtﬂzte'hgﬁrt afs duf 3§fa'nﬁ{ sMreH{%g%%teE{?a{Ipar ed

to those for the tio ee neasurenents | ndicate
pr ocessesvhndht ik typicudliydiot-e2D seeendsgetep ilR@).t hat i ndi cated in
Once PTT is determined for each heartbeat in the measurement interval, a series

of simple statistical filters are applied to detect pulses that may be corrupted by motion,
and can thus potentially yield inaccurate values. In step 107, for example, a simple
average (AVE) and standard deviation (STDEV) are first calculated in a rolling manner,
beginning at pulse N and extending out € pulses, where € is the number of pulses within
the above-described measurement interval. These statistical parameters can be updated
for each subsequent pulse because of the rolling calculation. If the PTT value for the
immediate pulse is more than 1 STDEV greater than the AVE for the preceding € pulses,
as shown in step 108, it is flagged as potentially originating from a IR(PPG) that is
corrupted by motion. This simple filtering process is shown schematically by the window
112 in Fig. 13B (data points outside this window 112 are flagged), and is indicated in the
flow chart by step 107. A rapid change in PTT, however, may be a real occurrence

resulting from an actual fluctuation in blood pressure. Thus, the algorithm processes a
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equation (11) would likely yield a SpO2 value with suitable accuracy. In
contrast, the 'pul se' between markers 76 and 77 is not caused by an actual
hear t beatwoant/i4s®msead is an artifact resulting sol ely fPcoraSramiosswoo Thus,
sub-ratios cal cul ated between these markers 76, 77, as indicated by dashed
| i nes 79Borrespanding A¢ Gwaydtpan genegaied by dieraceelelemetas tvathiy 8¢ Wystavdrar ge
variation, as. sh in.Fig. 12F. The, presence of tion as indicated by
Uhe. acc BUEFSFRR Gl P motih g ushl BESPEu0he FRLLSM 51l bBNGE From o
SpQ2 cal uhahé PTT aa8 itk Beycivted|pubel(stee309)t DukingtRCO9ritingy ¥aleermine@s. 13A-D
show an alternate enbodi nent of the invention that uses PTT to estinate if
a pul se that gwtienskegdeda pistdssermangg Goptticiend épe s Mmatc@nda detejpived. t o
process t t LM i -tp=-noi se ratios
b the. parsaaBe, PR hEgFTE e O MRl A o R s B P

det er m nénaec wr arapSRED/BNHEN) BRvefalme suévanhwdeshowntin Bigsr Bl-47 el noi se i s
present. To illustrate this a}tppr(fac,h, Fi,C?s. 139 -C feature a serjes of
graphs ofeictised Belpwh mthisrase thapisedpsgpsiqeyedyig\pesprupied fxpe e tehiderts r om t he

time separatd @WZ REFH AN | R( PPGQ
(Fig. 13%)&?{6'5@ TP plenfler A0 o S G Ppgwmgdég?%d?gnﬁ%ﬁgtq%%g))as a

f unct i oncaf bhaantadpmeaa88). ; Thnad ¢@jthPTthemeagus edstér Hih @ rep@Gevalaef amg
processe ith he i r, apd plotted as a function of heartbeat
(Fig. 13%;‘?‘%15?11% aé‘ﬂg&“lpitcﬁ Vi’arYSquT‘“@ht-hand_ side of the figure, is a
flowchart cor (RSO BeNBarddOiftrh iR 19 HBABInED &Y bel lebsufihl BL,ESintstipSLOVMBeR &N t
nmet hod for maki ng neasurenments when notion-related noise is present. The

f | owchar ts aspymeshiheg tha PAiT, andisowsspendialetbatsa andynke relafivels upgorsunsgss baoBe 1 11 for
processin e .ECG. REDY | R(PPG nd ACC wavef or. hat renpl ac eps 37-41
oo Bhio S Reur Ry LoV, R P PR e

in Fig. g. OWs erence (DT)

separ at i agndrival ECGvRIRS. anthid dise. fthopuled isttherddRiifPSmawee FideMalsbhefermaayvef or m
is typically used in place of the RED(PPG  because of its superior

si gnal - L & ot Northefilies. when peddp felecgmapseRtionhe Aqns?h@céﬁuﬁre@ oge Wﬁﬁhpl, easily
This cast i RES RS RENd RO Bal MERREL M e Tho hOR. ERIOES SRXE € "

foot is tigpalodlalknooalshapesinehk tiye dakiamg parthieulade ovhen derdiyal iswabtt tohe
waveform after erform,n‘?ésoms initial filteri nlg t o, renove hiiggﬁfrequency
’ [

noi se, affdPReNOFRISRS AGISE-SHeTaa 8RR ARY B AL hyivoRer R iEdYt he f1 ow

chart s hemmng - imhidiatd ﬂ_ﬂisé witd %tk%%%%gd QHFsE,rEE ‘ﬁ&l?@teﬁ@@ate’?ﬂﬁn ¢ he process
is repeated for consecutive heartbeats during a nmeasurenent iInterval, which

i s typi calatheniaical 2@ssswemhation flgoahnl.0bhe croneeorRlaiangyields Blteringed f or each

heartbeat in asurenent i ra erval

parame%e?se that, once incorporated, represent Slifear hﬁésr that in theory can optimize the
signal-to-noise ratio of the immediate pulse. Specifically, for this application, a digital
matched filter features an impulse response characterized by coefficients i(k). This
function represents the time-reversed replica of the ideal signal to be detected, i.e. a pulse
in the IR(PPG) measured during a time period where motion (as determined from the
ACC waveform) is not present. Alternatively, i(k) can be determined from a standard,
pre-programmed pulse, determined from waveforms measured from a large group of
patients, which represents a known good pulse. In still other embodiments, this
‘textbook’ pre-programmed pulse is used initially in the matched filter, and then updated
as subsequent known good pulses are measured from the patient. The subsequent known
good pulse can be just a section of a pulse (e.g., near the foot or peak) that is known to be
uncorrupted by noise. In any case, assuming this pulse is represented by the pulse
template function x,(k), then the coefficients (k) of the matched filter are given by
equation (13):
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of sinple statistical filters are applied to detect pulses that may be
corrupted by notion, and can thus potentially yield inaccurate values. In
step 107,wbanloemsaosl e, a sinple average (AVE) and standacu/utemioasioon
(STDEV) are first calculated in a rolling manner, beginning at pul se N and
extendi ng out e pulhdks= whelVe & &) where & Lot Npullses wi t hi n tHa)

above- descri bed nea nterval . These.statistical anmet ers can be
pdat ed fOF dEEh TS Beb G n ErGue Baied G 8 TS RRUR LI psE CUPERIGE: o

the PTT valiue trBﬁ’srveﬁsQPstfu@HEéj'vﬁﬁ?th@'éhﬁ)%t %) srarerilhiaRown ST RRMigh epher t han the
AVE for the preceding e pulses, hown in step 108, it 'is flagged as

potentially originating frorsrS 'FF;% h@é ?(s corrupted by m)tl(gﬂ Thi's
simple filtering proce35|§ sc gly by the wi ndow 1 nFlg_.
13B (data points outside this wr"naow 112 are flagged), and is indicated in

the fl owwdllaa:rx(k)b@te ﬂteespmbﬂ:i of mdlapnmﬂlampmlge(uenthé'[frputIpolrsew«&mirirrgx@ﬂth@ga real
occurrence resu fro an act ua ct a&h&g?l n. bl ood Thus,

r.ess
the al gorPthReS fb EsoldRoPYIss 58I tﬁ ‘Eﬁ%ad’élﬁé?gfl@ﬁ H’;f t he

accel er ofRiR" F¥irh B bR (1) had ¢ 1995Ms Ewé&ﬁ%‘dt\é@fentﬂ% gﬁ&&%ﬁbfb@e Add fgoti on was
i ndeed present during a tinme interval consistent with the PTT and its

associ at edmpdiasepulstaapidt0dlal, thepiungt ttbpma@ded filteryilbze af éfs eraximent t hat
not i on exgleeded a pre-determ ned coefficient (e.g. Mrax) . Mrmax can be
det er m néd °f or exanple, fromthe power spectrum of tinme-dependent ACC

wavef or ms t hatrhahfitdhe@\Wiket BnioVdsuRd siBEM b BolsPPfao yaKefmmbBiateShisilt paket hose
shown in Figs. 14-17 and described below. In this case the pulse is

consi der &H ap gmigenicibatrig girectlytiolagad te thedangth o4 thefdter KJE ) ffiftepongihahatiet er s
associ at cur at el
measur edgpﬁ?}gehgaln orl 1%2&?0 eelﬁg%! Eértﬂvggé ﬂea@&n&aﬁﬁg 548 r&? Zbg%f)r?rea%@aﬁhc ullltgfi ng PTTy

from t heldng®h 1argﬁbath(t1EyﬁG:)1ulwpleeHeaftrnseats01 the ot her hand, if nmotion is
determ ned to _be | ess hen it _is assuned that the

PTT and correéIrPBH&P‘ﬁ‘@leﬁGP§§Stﬁﬁ§/1%éﬂr1eﬁséﬁliqﬂéﬁ‘9 ftmegwrf&fﬁr@hwaﬁérmaraéd. n need
of addi t't}fé’l%gmg'/i‘&]e h&rgTb%\P&h%% el eI QITRYE (s @1&3&3‘% H@feféﬁﬁ have

caused the a ue. In this case, tered with a
mat ched between tHeahmeediad BTTedh datcudesedafroNahd filtén'edi mWéfovm;aus withéd-+i- h

tel eco A matched filter is e . whic i deal

Fr equency |PUSbNDE b HAEe st icR L Fen R GHGF 3 et Bt Fge PEmolShi ven
si gnal O?elgtedfﬁﬂifﬁbtﬁh@%ay BadsBerrbhdBas YQIBE 8§ SPEaT LA, Ysueharaddie signal is
subject to random stochastic noise, such as that caused by notion. It

i nvol ves shmwhenphicady infFig.olPiol Ad thg; fone, asmeidited &y pepdé L whe EC& &mbwn good
oL oe PREHP R Sl St PHRA BRSPS by o555 Bl R
are determined.

A patient’s activity level, as characterized by ACC waveforms, can have a
significant impact on the RED/IR(PPG) and ECG waveforms used to measure both SpO2
and cNIBP. For example, Figs. 14-17 show time-dependent graphs of ECG, PPG, and
ACC waveforms for a patient who is resting (Fig. 14), walking (Fig. 15), convulsing (Fig.
16), and falling (Fig. 17). Each graph includes a single ECG waveform 80, 85, 90, 95,
PPG waveform 81, 86, 91, 96, and three ACC waveforms 82, 87, 92, 97. In all cases the
PPG waveforms correspond to the IR(PPG) for the reasons described above. The ACC
waveforms correspond to signals measured along the x, y, and z axes by a single
accelerometer worn on the patient’s wrist, similar to the accelerometer used to generate
ACC waveforms in Figs. 9B-11B.

The figures indicate that time-dependent properties of both ECG 80, 85, 90, 95
and PPG 81, 86, 91, 96 waveforms can be strongly affected by certain patient activities,
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paranmeters that, once incorporated, represent a linear filter that in
theory can optim ze the signal-to-noise ratio of the i mredi ate pul se.
Speci f i cavbyp1oras20shi s application, a digital natched fiPCrars2dieaswoes an
i mpul se response characterized by coefficients h(k). This function

repr esent’@llctht?ée tridigatadebpcthe &G wpvefermo$2, 8fed3, (98alA0§ill‘gﬁfan PePbendiet ect ed,
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S
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pul se is i Y t: t?e,g, a@ﬂqj

subsequeﬁ(t%e n%ﬂ\kn%lﬂe{gjo% fr%d&gé&g}dg&&gggg?éeﬁ romt he patl ent ﬁ’rﬁt‘go su]bsequent
known go&ikspid-$2iscdarr tbeleptmtal mammeamd mmootnda:apud: skpatengmotiorearantyveayt oot or
peak) th unc . by .noise. In any ase sumng this
pul se i safﬁtaﬁég@ﬁ%ﬁlﬁﬂ}bﬁﬁwvs ws Torg |P&t1%nt1atﬁ1“c°cfteéPP%9t x&t?blettﬁe% t he
coeffici ﬁﬂ&\%lﬂ?(a@ori@ﬁm§ ngerﬁtﬁ%@\etg e bbdy- Wor@ﬁl%?gbﬁ/tg'&c@%at@ﬂl%ttérﬁ’lﬂle(@2 li(lc) =

xtp (N - wher e The digital matched filter
can be r éﬁwresEnPE@ vweﬁznml&ii),taéongrmmﬂl beart mepodgespliatarg ratev firém ghet KOG al

et Sl R PEC SR el of Bl o, I, eauacion

pul se re%kféﬂoﬂﬁs)f iBab& bithk dathf sholh iRFRy. I Deal SR TRINE Sp&htihdien Melbagy vl ate, N
is the filter length, and i is a tinme shift index. Fromequatlons (13) and

(14) it Ppngor aewne theavitelisegns tchlsulstaddeomn e nigitiae @atend arenelatinphy diagtce thsul se are
| denti cal Iég}lpﬁlﬁt E‘é%'tle £ logg' S?]{Fal ?ﬁt@ F {r&tgtrla %r a artl?l?/aﬁehs f:%%%)éilb%&nv Val ue.

The mat cf I mpr e 1 nme
i nput pulISBIeByfc&rpaaémyﬁithIsl's@ettel s d| rectly rel at ed to the length of the
filter (N). Afilter |engt is greater than or equal to the interval

h th
bet ween heart theaté shews Egﬁtﬁ% EBG %ﬁ ét%AQQ §/ vaeeteims measpeddtan s great er

t han nul al cul at ed
fromt hewfa ?{Ht%gepﬁﬁh\{/\g\%@éﬁ 1nl16 Ha d t roqn %A@%sgggéé%&@zg%fgﬁ?gt ics are
recal cul atcedy (isfieyesbQjlpsi- pefrioﬂicenoﬁtﬂzitmnewuh ebdt ey’ trhélelnmm&htlame PTT, as

calculated from.the filtered waveform ,is withjin +/- STDEV, of t aver age
2o por - sEURFPORINE FhPRHEIBLTER i oL ao e’ 1ed B HDoonTe! at eq

arti f act gnd Bake IR, CAYSPoRA f%%—’f%% wheh HRSHafbntIRER vAiddng MBEhangtich a case is
shown graphically in Fig. 13 At this point, as indi cat ed by step 111, the
ECG and direction. Each bump in the ACC waveform includes relatlvely high-frequency features

(other than those associated with electrical noise, described above) that correspond to

walking-related movements of the patient’s wrist.

The ECG waveform 85 measured from the walking patient is relatively unaftected

by motion, other than indicating an increase in heart rate (i.e., a shorter time separation

between neighboring QRS complexes) and respiratory rate (i.e. a higher frequency

modulation of the waveform’s envelope) caused by the patient’s exertion. The PPG

waveform 86, in contrast, is strongly affected by this motion, and pulses within it become

basically immeasurable. Its distortion is likely due in part to a quasi-periodic change in

light levels, caused by the patient’s swinging arm, and detected by the photodetector

within the thumb-worn sensor. Movement of the patient’s arm additionally affects blood

flow in the thumb and can cause the optical sensor to move relative to the patient’s skin.

The photodetector measures all of these artifacts, along with a conventional PPG signal

(like the one shown in Fig. 14) caused by volumetric expansion in the underlying arteries

and capillaries within the patient’s thumb. The artifacts produce radiation-induced
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RED/ | R(PPG) are processed as per steps 42-46 and 48-50 in Fig. 7, and SpQ2
and cNIBP are determned. A patient's activity |level, as characterized by
ACC wavefworeslo/@saeshave a significant inpact on the REDPCRUSRGY/0a99d0 ECG
wavef orns used to nmeasure both SpQ2 and cNI BP. For exanple, Figs. 14-17
show t i mehefeparrné Hiat rdafhisslt¢¢ dsoRuipPPMawenAdPGeigedlo presl tp splcalafgat i ent who
is resti Fig. , | ki.ng..( Fi 15) 66 i Fi alling
(Fig  177P0R3h dg“iﬁ%hTﬁ%s SRPubE 4 F]hg‘;‘? )éhfﬂéé?éﬁv@ogfgﬁmfeéé,g“é’%"%@d’?&g%{e PPG
wavef or mwdidn tGatifds, is Q@lkiand three ACC waveforns 82, 87, 92, 97. In all
cases the PPG waveforns correspond to the IR(PPG for the reasons descri bed
above. The ACEDGROSFBOHEMEBIHTSHINYE Mudtinlf g‘iﬁ*&F&le%rz?a%’G}de%FnﬁiaHﬁé faltsfe x, y, and
z axes b i : (o) nadt:i : i jmlar to
fhe accel SaatEl BuRaE e G R e SRl REk ol e e £
figures icadigaitehit biate Hy preedepe neeACCpropérrtisabowi ihBighl EGn86/ith85, 90, 95
and PPG 81, 86, 91, 96 vvave(Lforms can. be tronl(i;c%%aff c#kg%l va). certain
patient &tHiayMRAVEIOTRKMEASUFLITPRPE BYtiEq! 5@%@ ShalVatkipePisally g7, 92, 97,
Accur acy eRfaePrAe, Fé%!i@ﬂo?ﬁ}]afé%&i Bidod pRIEN &8 R VEI RN AR shSldd fgr ef ore
affected as well. Fig. 14, for exanple, shows data collected froma patient
at rest. thels¢ parsmatess, psindicated|by Tabih & aresysynatical YW@ teapefaobngc@2sedwhi ch
feature a,rel.ativel.y, stab asel.ine al ong_.all, thr axes of the
hocel er ofBER IS G pREAR g RS o SPfed briole TR a” 67, 02, o7
shown i nakid@al, hdd Mgg'eﬁaldwanﬁ.osgd)g,cdﬂlik@ﬁbarﬂﬁuté@es andry fatdald Bipst cative of
patient notion in any way. The ECG 80 and PPG 8 fwaveform; for this
pati ent &rssuerdossporispiaglyinsteass with expigom| Tl theyalarmg drpthietds fepdisat i ng on
t he body- itor t r y. term fromthe PPG waveform
81y, ol oAt g pETEIE ) Rkl ih\Ge Bt b AR ERaTh of or m 60).
cNI BP (f teompedattiEIm&xturedciigdtht body-hothmbheori(ic80y moktaf¥GeBveknviad®f or ns) .
Based on the data shown in Fig. 14, algorithns operating on the body-worn
noni t or SSRARAIEIRAhe Physigal §?fgﬁ%orb%ﬁ theipateatiafd Baseccas it (et Yent are
rel ati ve%lﬁﬁgbl e; the algorithmtherefore deploys normal threshold

or

criteria |arms/alerts, described belowin Table 3, for patients in
this state. Fig. 15 shows BCG 85, PPG 8fdiffmddlh&eXBoBI/ | wagf,Sk iSRRG €0
from a wal ki ngVpaltSignt wear i Mgtiem$tateody wqrn nopitor. | In this case, the ACC
i ndi i pERASHE MR 4t i onAlagmeibigich * funp'
waveform 87 clearly indicatles a quasi|-p | at i ons h ' bunp
i n the mpodutattom—corresponding—to—a particutar—step—thegaps, -t he
. Ignore THEMDId; Do No
modul at i aByooSPOWRNSRS, THA) 19, wlling Increase (+10-30%)
Alarm/Alert
Use Modified Threshold;
Heart Rate Walking Increase (+10-300%) Alarm/Alert if Value
Exceeds Threshold
Ignore Threshold; Do Not
Respiratory Rate Walking Increase (+10-300%)
Alarm/Alert
Ignore Threshold; Do Not
SpO2 Walking No Change
Alarm/Alert
Use Original Threshold;
Temperature Walking Increase (+10-30%) Alarm/Alert if Value
Exceeds Threshold

Table 2 — motion-dependent alarm/alert thresholds and heuristic rules for a walking

patient

32



and 35 seconds, correspond to periods when the patient stops wal king and
changes direction. Each bunp in the ACC waveform i ncludes relatively

hi gh-f r eqwerroy/fsemsur es (ot her than those associ at ed w PhTAlSeaos®adl noi se,
descri bed above) that correspond to wal king-rel ated nmovenents of the

patient’s wri g furfhes reduce felvetlomy B tweefsurie dsfoepiadt wich halbedigvasat i ent s
rel ati velrlyonﬂnla&f r%%[o?e m?éﬁtépc%h 8&;910 oh hgrlieg o@al?eurlsgé ﬁﬁ‘%} b 'Eigteﬁn &Eé&%%%%ﬂ& n heart

rate (i ation nel exes)

and res plumag @faysuezat @nfikicsl. suahém gnnege lfunesgfw eﬁampireohahaﬁdlane efat b helMayef orm s
envel ope) caused by the patient's exertion. The PPG waveform 86, in
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b N
asi cal | y,d ﬁ[ﬁg%ﬁ&ﬁggglg‘?feﬁb{r ﬁ/t f Opfob8@BrdsSurk) Jgﬁ %ﬁd&h\gﬂé& R lred Guing a

quasi - peri odi ével's, cause patient’s swhging
arm andwadétiecsted tint ekmd;pmiemdmﬂr@dtammmﬂn threghb ks takeuliite] wosmupsehisor .

Movenent of. t he patient m addi ti onal ffects.blood flowin the thum
and can @aifags:t Y5519 é%Fur%é{?QBPOttSBUWg% 4%1“2%?\981 b e et @t 28 ski n.

The phot ggetRct l%f F1§9?§ ldﬁ@ %o@' ienﬂ)fzratuﬂ’é' 2&n Wpﬁdatl?%ﬁ: AcctRhifl gné’&s{nféd %Ven

convent i onal si-gnal Ke the one shown in Fig. 14) caused by
vol unet r M&leempan@twwalﬂmtghélemwmthmutﬁg thareford distatertbic omdifiddghiegwldsi t hi n t he

patient’ thu facts roduc on |nd ced at ocurrent that

T Bt D QB bt Gl PR P b g G SR SRS oot o B
and cNI BP. Th%ge 16lsh@dvs ECQmO 2pe dihusd Ad 9cwhierofind Mﬁfddlﬂ&nb@aﬁ&ﬁur ately
measure when the patient is wal Ki ng. The body-worn nonitor deploys multiple

strat egi &9t issimvioriae gemetsand higrapilly mogingrthelr ainepack a@drfpwg A PREPIMI Nng
activi tyuﬁ&earg&n A%}rg[??ﬁ:aﬁ ol i3 ;?anﬁgé v?%lﬁ’@’xhlﬁnﬁﬁa%’i} gr 8%’%{1‘ Q?t ect this

state by proce |ng Wave own 1n N similar
wavef or meleaesiirtewhv«formbd) ehenatietit at isttbeep isical H}msbnds\éawn ngtheypi cal | 'y
el evates heart rate, respiratory rate, and bl ood pressure and_thus alarm

t hr eshol @&Phofurtngexkich diedfely 9P snd REG; Haw afermsisye wagorpied byyraotion. The

syst emat
Vai uos. aboga M8 e IREEeY b A e P e AR B AP HE by LS ger
an al ar mA 1803 seoodd pegiodedinrdst fetosys, aethen atromysinghezimartdr fodoolod 1Br essur e,

does not ‘%’)é |caIIy increase with exertion. Thus the alarmthreshol ds for
this par &fEP8t o' %5 shown in Table 2, do not change when the patient is

wal ki ng. Body &ﬁ@ﬂ%g%ﬁm@%&ﬁ%@t %&é?oﬁﬁ‘% RO MBI MORIN 3rQke pMRhE! | Y
i ncreases between 1-5% depending on the physical condition of the patient

and the speegd naswid b tlneheystsw@rn\mtdiq:mgleter This modulation is strongly coupled

into the PPG waveform 91, likely because of the phenomena described above, i.e.: 1)
ambient light coupling into the oximetry probe’s photodiode; 2) movement of the
photodiode relative to the patient’s skin; and 3) disrupted blow flow underneath the
probe. Note that from about 23 — 28 seconds the ACC waveform 92 is not modulated,
indicating that the patient’s arm is at rest. During this period the ambient light is constant
and the optical sensor is stationary relative to the patient’s skin. But the PPG waveform
91 is still strongly modulated, albeit at a different frequency than the modulation that
occurred when the patient’s arm was moving, and the pulses therein are difficult to
resolve. This indicates that the disrupted blood flow underneath the optical sensor
continues even after the patient’s arm stops moving. Using this information, both ECG
and PPG waveforms similar to those shown in Fig. 16 can be analyzed in conjunction
with ACC waveforms measured from groups of stationary and moving patients. These
data can then be analyzed to estimate the effects of specific motions and activities on the

ECG and PPG waveforms, and then deconvolute these factors using known mathematical
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Tabl e 2 - notion-dependent alarm alert thresholds and heuristic rules for a
wal ki ng patientTo further reduce false alarns/alerts, software associ ated
wi th t he wodytvmsawsnonitor or renpte nonitor can depl oy PATASRI1693WD0
"heuristic rules' determ ned beforehand usi ng'g)r actical, enpirical studies.
These r uleshniqgies togkigatpiedy repzayeiansintgioa-related agtitaets k iThg desenivelptediECGi kel y
heal t hy, hi n terjzed, by.a .nor » ordi.ngly, the
rules dié &afgét%agvt%forr %‘é %f“? a%{ér%é urg%'ﬁ té,cg{)cfdé(t)edwga(r?é s%jrag!a%ﬁlgéigr&eq%}gl ues

measur edbdldii. Nng a wal ki ng state that exceed predeterm ned alarm al ert
thresholds are |ikely corruBted by artifacts; the system in turn, does not
sound t he al arlhf &C&F tvaysiormpQ icmedilated By the patient sym} meyeBeEddWYe £ g. 15,
and body j b : t r a

ati ont 1S IRFRRE R EPPLARLERINO 1 M diE LIS HobuRARHcRi A KRRy 2

t hr eshol dictricst ‘athscle ndbabl msedvel ysthd convidgene nat detedtat ngsthal G slettoodeshese
particular_ vital signs. Fig. 16 shows ECG G 91, and, ACC 92 wavef orns
measur ed 2f¢ Bl & BYEPRRsiptEdured mpten %&%E%g%ﬁ?%w%lewoqeaggaﬁlxﬁ fovi ng
their ar 'Eﬂe%%nt@é“&iﬁ.%ﬁéﬁ-m&icﬁﬁfs 'e%ﬂctédﬂgjﬁﬁ@é)é SichiRr Qf@c@bﬁ@émﬁ&htﬁf&r e, for
exanple, would exhibit this type of notion. As is clear fromthe waveforns,
t he pat i erasiresments,rvgsth figrdetenmiriedibtyiazdensd et ebndiscledesweable. t he gr aph,

during which 90 gnd PPG 9 .1. wavef.or are cor.rupt ed by noti on.
The patient ¢ AaRepegrY: Pearomogrd e L SRR ER (8 hat 1 ast s
for aboutlads/aRASBEeratéd By h @bnwdSREpinP el Rde@f, wiRfita faBbht@Wperichiaék t hen
convul sing begins for another 12 seconds or so. Convulsing nodul ates the
ACC wav efFommlaonsgsischtag thaspsianweied dwriesf the fiwo datspeand pesiods i FigslOrtds ur ed by
the wist- n. Thi | apkon i t into the
PG vever SIS IABFEIHE §EL EaisboReRf R el Sl SoR AOPRLF o1 "%, )
anbi ent  hagéforraQupds thig réd3bo tHehBreokoldwhinys gurepomliphotcadh Odd;sigh)aremyenent  of
t he photodiode relative to the patient's skin; and 3) disrupted blow fl ow
under neaffiutthe Whep BN vukpens arpdsteied nklgibinte desermingl iem ShisCongavatt™av ef or m
92 is no t 1.6 ' i ' ki est. During
this per}ﬁg? tg ﬁéﬁaﬁgtﬂgrk@g,l ‘%g teB]|QSSI§7 E%?\lsc%ug?ﬁ H%%ﬁ&%n%pc??gﬁgkl%ggtﬁggr i's
st at i onargspiratbat iateeis irmntchewrygdt front the dskirted vButforine SARGe vavv@tion nf Gel i s

still stron modul at ed, .al peit, at. a different ngy than the
odul a1 SRECH eV geEn A Re Ao R e RS SO R HReS pul ses
therein Bk f f:blctﬁlstreﬁs%n,ralﬁgéﬁtﬂﬁls opBaind BULHRL &% BIBLwsAensHigk ypied bl ood

fl ow underneath the optical “sensor continues even after the patient's arm

st ops nowimge nysitngwilhiet denfratermbitrinsfalertydabede@Gital signs when a patient is

convulsing, as these vital signs will almost certainly be corrupted by motion-related

artifacts.
Modified Threshold Heuristic Rules for
Vital Sign Motion State for Alarms/Alerts Alarms/Alerts
Ignore Threshold; Generate
Blood Pressure (SYS, DIA) Convulsing No Change Alarm/Alert Because of
Convulsion
Ignore Threshold; Generate
Heart Rate Convulsing No Change Alarm/Alert Because of
Convulsion
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and PPG waveforns simlar to those shown in Fig. 16 can be analyzed in
conjunction with ACC waveforns neasured from groups of stationary and

novi ng pawoentwl482liese data can then be anal yzed to estiPcmiUS201l003®hd ect s of
specific nmotions and activities on the FCG and PPG wavefarns, and then
deconvollute these factors usi ng known Madiféadetiredioldechni Beiestit Rubkfacti vel y
remove any not YBalSign ated ariMptien$iate The decanvalyt ed ECG and PEG wavef or ms
can them be used to calculdte vital s|igns, as described i SIIE o) ow
The ECG|waveform 90 Ts modurated by tie patient s ar mpoRYeTeNhold08nckR:
| esser degree than the PPG waveform 91. In this case, nodul ation i s caused
primarily byRedsappikad ' muséloavilgngse' i nMNoilganged by |t helawgAMletf| Betcayse eind
detected by the ECG el ectroldes, and wel | as by convulisi on-iRgduggd, motion in
the ECGlcables and electrodes relativie to the patientf's skin. Such notion
is expected to have a simillar affect |on tenperature néamue Erehpld; Godsiath | ar e
determ ned by a ggpsor that| & §0, giﬂgcl udesl\%(ﬁﬂﬁéee. Tabl&lm%]/AF:ﬁ']%\%uségpws

t he nodified threshol d val ues ané euristic rules fong alarns/alerts
generat ¢d by a convul sing patient. In general, when a pati éinvasipreri ences
convul siforrs,—such—as those sinmutatedduring the two '%'IR)‘Fé"?ﬂfgshBﬁ[ &}%‘Hél?atej )
Fig. 16) it is virtually inpossible tlo accurately neastire any vital signhs
fromthe ECG dompmauRPG 9 1 Waweflongrs. FoMNot(Hiasger easgn Alhe/tRrridhalsdolval ues
correspondi ng to each vital| sign are |not adjusted when con\@)ln%lg{;@ are
detected. Heart rate deternined fromithe ECG waveform for exanple, is
typi call roneoysl i Loh-fre onpvyl si and
o rat G719 27 R gche Ml AT s R REREY p BRI MG 25T ong
di storti esnwflsinppatipit cal waveform al so makes both SpQ2 and PPT-based cN BP
difficult or inpossible to neasure. For this reason, algorithnms operating

on either the_body-worn nonitor or a renote npnitor. will not generate
al ar ms/ al er t s 1BRESRIrshoms dhe hgugnde iigsonctsElg PAENEohiGER fieng, as t hese

vital si ggéﬂriﬂ‘iﬂglr%ﬁliME a E&{Ju@giﬂg atfRt GRES Hﬂﬁs%cp,yang%ds%'aﬁﬁh%I% for

artifacts. Tabl - notion-dependent alarnmfalert thresholds and heuristic
rul es fothiapgenyislgshagtegatgaediessTdithear Btabizos chlows, as ldesdnbdead nlsdviecarcul es f or

convul si atients. Here, the overridi ule is that a convul sing patient
eots. asORed HcEa dyeih plovon TRl RrURERE TSR Bty SFSRS Sener at od
regar dl eggngjalgrhﬂaCgﬁ‘tlgging})g[@t,(v\hi ch, as described above, are likely
i naccurate due to notion-related artifact ng The system al ways generates an

alarm al ert f &tg d7cbowuESGRY. PRG ¥nand ACC 97 waveforms measured from a patient
that experiences a fall roughly 13 seconds into the measuring period. The ACC

waveform 97 clearly indicates the fall with a sharp decrease in its signal, followed by a
short-term oscillatory signal, due (literally) to the patient bouncing on the floor. After the
fall, ACC waveforms 97 associated with the x, y, and z axes also show a prolonged
decrease in value due to the resulting change in the patient’s posture. In this case, both
the ECG 95 and PPG 96 waveforms are uncorrupted by motion prior to the fall, but
basically immeasurable during the fall, which typically takes only 1-2 seconds.
Specifically, this activity adds very high frequency noise to the ECG waveform 95,
making it impossible to extract heart rate and respiratory rate during this short time
period. Falling causes a sharp drop in the PPG waveform 96, presumably for the same
reasons as described above (i.e. changes in ambient light, sensor movement, and
disruption of blood flow) for walking and convulsing, making it difficult to measure

SpO2 and cNIBP.
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Fig. 17 shows ECG 95, PPG 96, and ACC 97 waveforns neasured froma patient
t hat experiences a fall roughly 13 seconds into the neasuring period. The
ACC wavefwormB/idgiogar |y indicates the fall with a sharpPdedise@s®3qn0its
signal, followed by a short-termoscillatory signal, due (literally) to the
patient bounciMigr ahalt. hethfthe LG AF @@PE(H%MVEfOHA@@fe\/@Qﬁeﬂ@TIﬁﬁlf@@S $¥6oci at ed

with the,x n 0 V, e e to
the resuPbicisRaty ot Redhad: R CeRE T AAR R e8I B IR
95 and Pl?eas&ﬁmvaﬁ@ﬂigrﬁusapeelounn@w@ma@éfdam gl dooshoass id@stortion blea f al |, but
basi cal | y i rmeasur abl e duri ng/the fall, which tﬁ] pically takes only 1-2
seconds. SFH@%:SPﬂIil E‘élﬁff gmpkitpe Wathoyt bejngbrigidyie ayy Hiegh: fiedaeiereyn Asttte to t he
ECG wavet.at fade IR 1 phlicd TRASSERLE Wi WAy 1Akl @lenRBhni&PPI rat of y
rate durlngt |ss I'me perio al 'l ng caus sharp oplnthe PPG
wavef or nf&ﬁ*ﬁgtﬂatﬁgmﬂbhgmtfaunng bleod armesurea$hnbarasfldesfor eXmmtplaboingtifted e.

changes in anbient ht,. sensqr novenen di sruption aof blo f
for wal kWﬁ‘ﬁnérPatl%W %?’%@t Tl FRyei eaﬂtferrﬁtéﬁfﬁl C%&é&ﬁ@g%@lnﬁ
CNI BP. Af tbekaie ftﬁér’eby b & tenE PP NGFHE B&lﬁ@sﬁ%ﬁ?%?%&%léﬁt@n K@k rhieom

artifacts, but both indicate an accel erated "heart e and rel atively high
heart r afiedicateil Aithd EQwavemegﬁPﬁ)wnd_@lCS@@mgdéoodmmssn@ (inviicatgselyi ©od t he PPG

Wt hout | BRURGbBUTLE 18 B ek 6Py e ERETy RERLERE O Bl S0 BT “Be aue to

the pati @afives nkaé BIo8l k@ e pahemhy dxsrefit@esbody’ s haenpstatic nechani sm for
regul ating and maintaini ng bl ood pressure. The baroreflex, for exanple, is

initiated whedablegathpwnthedhegriptic fugsrnd madifies Jasateesholds foya falling' s fal | may
cause a rapld 9%?18%, sr}nﬁerOc?gm? u?ﬁﬁ rn'*?ake% ﬁ%rf‘[?QXI(t goegmregs%?é g%éfg'l[%?] bﬁg%@ff | ex.

The body Py esp erat wavef orm

95) and wnalrsegslcagunkdddﬁbm tess uBeca(men@ﬂtﬁlataﬁd tl’(byshartl’t&ﬁh.ldlirhtﬁ)dih AsBod?dtdd as
measured fromthe ECG 95 and PPG 96 waveforns) in order to deliver nore
bl ood t o “ithe? igHt dlams/dertshasedpn vigd mgnémr@sh@@motta%erﬁ@drduuglflg én p¢fPds and

modi fi ed¢gal o] ] to
convul si rflé:ﬂ n}glz)&ee?&??}n gll‘l%?'l @Uﬁtﬁngﬁ%e%%d;@hh gﬂ%l 4?\% altlggarﬁyew tal signs
cal cul at edn\fuﬂmn (boendetBedasizonfthd follswanpdAChiew sietortn)t gemerathsraat i on

associ at eg{%ﬂ ms/ al erlts based on vital signs thresholds are
not genef d‘eﬂtﬁqcﬂ%l%toé MSHGIYES: However, this activity, optionally

coupl ed[With prolonged statfionary perfi 0od ®foderpavul 51 on (bot h det er m ned
fromthe foll owing ACC waveforn), generates an al arm al geliridfcq@ngirge to|the
heuri stic rul e¥ital Sign Motion State |  Threshold for B
Alarms/Alerts
Alarms/Alerts -
Ignore Threshold; Generate
Blood Pressure (SYS, DIA) Falling No Change
Alarny/Alert Because of Fall
Ignore Threshold; Generate
Heart Rate Falling No Change
Alarny/Alert Because of Fall
Ignore Threshold; Generate
Respiratory Rate Falling No Change
Alarny/Alert Because of Fall
Ignore Threshold; Generate
SpO2 Falling No Change
Alarny/Alert Because of Fall
Ignore Threshold; Generate
Temperature Falling No Change
Alarny/Alert Because of Fall

Table 4 — motion-dependent alarm/alert thresholds and heuristic rules for a falling

patient
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Tabl e 4 - notion-dependent alarm alert thresholds and heuristic rules for a
falling patientln addition to activity level, as described above and

i ndi cat edwOrof/gs20514-17, a patient's posture can i nfl uentasShawosdeeo
above-descri bed s stem generates alarns/alerts from SpQ2, cN BP, and ot her
vital signs. ddatieiniol astivithlevel ay descabaskabove émétnéua&é ibGigs. Eb@ saand cN BP

may var y Ip dﬂ?‘l n%oﬁg eocrlnr\%? e[l){@é h(g h?heD zﬁ)tolvg ﬁ%scn%eéi %_(Iys gQMatgg a1§}n%'7ﬁé1“ g up.

Fig. 18 ow ody-worn not 1 on- relat ed

par amet efisn{ $p@2, cngPe@dodthéfnﬁﬂaDﬂgnsoG&iremnplan@le akkiValkeyts k@med Jo betbm a
patient 110 using tinme-dependent. ACC waveforns continuously generated from
t he threép@é@@ﬂé b ey any gependigg on heifsy Hie RaEsydehiRgtvt onsitingpat i ent ' s

chest, ?eﬁ}% qg%cﬁga‘te%thovfﬁie%%ﬁ gx?ﬂloﬁRQN&n"&e elilﬁnfn%frﬁé CRidy Fi gs. 9A, B -

11A, B, patient's I's nost to a ect neasurenent of
bot h REDphiR(eR®G) (ev@vziegme S moéann, p;obilUSe aadhadzesty lb\e:l)cfmrﬁcatpademshlﬁglsmge

accel erorret 114 af ed to the wist, The hei ght of the tient's arm can
af fect t HEC WA MO U B preas @ rdd TR the ey ag?% PREEENt |y due

to hydrogtatig, fﬁf w65, [RPNGSE YN ARIAGES s'dﬁe?c%‘ib?]&'aﬁ@%vns%A?@é’s@ﬁbe& hi's
phenomenon can’ be det écted ang exploited to calibrate the cN

measur enebave vaish wé@cmqebeﬂlgsn%léi ailll Al rncbte)nackf@hfepaéfem ehaelds pmsehltely to

applicati t he cont e een i. ousl nc at ed by
refer encéﬁ CEASS W %Fw ‘%? & BE'IE%&!%P
ANALYZ| N@M&l@&n{e@rﬁlﬁsaﬂlyﬁe@té@% W84 Thi he; hi\@‘ythgpatleﬁgggﬂm cﬁﬁammd bed in

this docunent, arm hei ght can be determ ned usi ng, DC signals fromthe
accel eroﬁ%ﬁﬂ%]? sreaggemanidaslerbpistiure eanpaey sigaifigant rﬂlﬁﬁ@hﬁ@pﬁ‘@ﬁ@ fogedsi cep and

accel or oferey 1 OAEE R iR WIE Mo L FRT e A g on

the wri sexpioited forcalbiaed the cNexR fr&ﬁi@er%w@ldﬁ:@ﬁiﬁeﬂ@ﬂdmﬂ@ﬁ tenboveeasured from
this accel eroneter and processes themw th an al gorithm descri bed bel ow to

det er ni né& ﬁ@gfe@r@tenswml@wﬂww%% irehirk hyvt hePhpraEP U by ingerpaicdhy 110
usi ng angligs,detgHFVIREHRRIVEN M@{mﬁweﬂw Khatipgpgbrrect or and the

axes of a torso coordinate space e axes o th| S space 1 11 are
defi ned DETEGCHNEeANDMANAIOYTAINEMOTHNSE U srS.de] 2MhET, @4R¢‘11ed Msy £26.200€y.1 i cal

axi s, e horizontal axis, and s t enormﬁ axi s. .These axes
mist be RIS T it s bRt B leBreitE e R [0 St A LPE Shace:
before 1t heeRAbeREs 5 3POHE 8k s@@'}eﬁfecﬁjﬂﬁ ro'iI‘tH@HatleH‘?bfce}B ghd §fh§tp Po@ture
determining a patient’s posture is to identify alignnent of
in contrast, can be exclusively determined by the accelerometer 112 worn on the patlent S
chest. An algorithm operating on the wrist-worn transceiver extracts DC values from
waveforms measured from this accelerometer and processes them with an algorithm
described below to determine posture.

Specifically, posture is determined for a patient 110 using angles determined

between the measured gravitational vector and the axes of a torso coordinate space 111.
The axes of this space 111 are defined in a three-dimensional Euclidean space where ﬁcv

is the vertical axis, ﬁCH is the horizontal axis, and ﬁczv is the normal axis. These axes
must be identified relative to a ‘chest accelerometer coordinate space’ before the patient’s
posture can be determined.

The first step in determining a patient’s posture is to identify alignment of ﬁcv in
the chest accelerometer coordinate space. This can be determined in either of two
approaches. In the first approach, ﬁcv is assumed based on a typical alignment of the

body-worn monitor relative to the patient. During a manufacturing process, these
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the chest accel eroneter coordinate space. This can be determined in either
of two approaches. In the first approach, Rc v is assuned based on a

typi cal awDgnremrs200f t he body-worn nonitor relative to Phe/ysatio®sd000 Duri ng
a manufacturing process, theseparaneters are then preprogramed into

fi rmvar e Pajpeeters dig tam prprrogiamped i tofinpvadis oeerabng on Metwis-wyidcedure it is
assuned t acce LS. W ihin - nit.or a ied to
2SohTe HAeeRE ehSLRTESLT Aok OB RN 28 0Bl

appr oachmdBrorare Spplitinbichétephtient withaisemidllySpE Cdrhd Corlfi@siasion HEM the sédbnd

al gorithm operating on the wist-worn transceiver pronpts the patient

(usi ng, epwoachyviRdess ideigifredemi aopatiopespatifiadpasin Haee, wr hlgorithor aperatargswei ver, or
audio in truc%ions transnittedtt r ou ht? sgﬁaker. to %%%%ne a kgomm

posi ti on Wi YA PEYPEENSEE GPRARY @.aﬁf?r} L En didmg U WPTHEVEP fBC'AoM PR d

strai ght (owRdt-wd fragt@tlel I ALdiBeRstRRtie Bn8mitRe tMrous® MspXak¥pltd 8Kume
corresponding to the x, y, and z axes of the chest accel eroneter while the
pati ent R&npwnphsigopysihtrppact trigiayitydee, staodagap with arims posvied stesghitnowl edge
of which arm (left or_right) the nifor i s worn on, as . the chest

accel er QHBWB}‘_@WI%WHBW&%%‘})%?&%H@% Qe%rP‘é‘t]%‘t%€HIUS§IC%BQ§P%1?%@§ﬁEI§p5éﬁB¢ng on
this orientaldhe clﬁsﬂﬁ@él@%m&éﬂﬁﬁ%@Péﬁen@&%%iﬁ‘go&ﬁ@n.”’Pl'ﬁk bRk, H&?ev%f‘,t er
this information using the GUJ, described above. This potential for

dual - ar sl teyohaekiowledgsi afeshich st (laf ot Mghtpthe-ndatier i wem oneng the ghesand
normal vectors ich are interchangeapbl ndi ng. on t.he nitor's

ocati on S TSUBEG" SRR APHS GROB AR oK SO RRESTTASPRRInE PRAYA m on whi ch
the moni bAEnthSoVOK thQRAl PRI&ShANApPBARY tht ARMithPtdnQMRdhid idfeEIMRAtusHS NY
measured val ues fromthe chest acceleroneter values, with the assunption

t hat Rc the QURdleswibed aboieal Thivpatertiag fendualapeaitashmentyequeasorsdt ¢fttséie i n t he
procedure ig to.id ntr{'.fa)f t he al ilgn nt .of, RCN i n..the 1t():1h(-(31st %ccele onet er

. re-determine Y'Ie ical and normal Yectors which are HHCI‘ChaI&? [} e%en ing on the .
coor di nat'®e space. e nonitor can Eeterm ne thrs v or, simil=ar 10 how it

det er m n@sonk6r’Y locatér. h iBRed of ntanalBpgitaaehEs.informbdish, the #in @pphicRete t he
nonitor assunes a typical alignnent of the chest-worn accel eroneter on the
pati ent . MORitPhis vuB sxHbapAsHY detsrminge follavwAgratirchment erdpg MeasipdoXalyss onpt i ng
the patient to assune . a known . position with respecg to avity. The nonitor
then' cal GOl e RERAE G Revsbery aithale BropREST e hepB AUEFIoR5R AT of m
The thirdrstt@Reér.t he procedure is to identify the alignment of RCHin the
chest accel eroneter coordi nate space. This vector is typically determ ned

from the vect Ghe e¢c@as step ddthetprafedie iv tcaident@Ehe almment ofaR o thsshused based

on the typi (I:al al i gnrrg,nt of the_acceler omséer on the patient, as described
above. accelerometer coordinate space. The monitor can determine this vector, similar to how it

determines ﬁcv, with one of two approaches. In the first approach the monitor assumes a
typical alignment of the chest-worn accelerometer on the patient. In the second approach,

the alignment is identified by prompting the patient to assume a known position with

respect to gravity. The monitor then calculates ﬁczv from the DC values of the time-

dependent ACC waveform.

The third step in the procedure is to identify the alignment of ﬁCH in the chest

accelerometer coordinate space. This vector is typically determined from the vector cross

product of ﬁcv and ﬁczv, or it can be assumed based on the typical alignment of the
accelerometer on the patient, as described above.

A patient’s posture is determined using the coordinate system described above and
in Fig. 18, along with a gravitational vector ﬁG that extends normal from the patient’s

chest. The angle between ﬁcv and ﬁG is given by equation (14):
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A patient's posture is determ ned using the coordi nate system descri bed
above and in Fig. 18, along with a gravitational vector RG that extends
nor mal frwo2otee4pmsi ent' s chest. The angl e between Rc vPamwSRG0i0390gé ven by
equation (14):Qa VG r[n ]J]=arecos (14) where the dot product of the two

vectors is defined as: R@n] Rev = Rn] Meyx x) + (yCy [n] x rCvy) +
(yCz [n] x rCvz) (15) TﬁeG ﬁﬂquo(gﬁﬂﬁv_rﬂ‘ﬁ_h‘c"[}s of RG and Rcv @fe given
by equations (16) and (17): (16) \ el §§V {r cvyf +r Cvzg (17) As

i ndi cat eqihR tﬁélH@tt;irQ&hc(t bBihe thBSefBRAIiL Qéfif@mRar es the vertical angle QVGto
a threshold angle to determ ne whether the patient is vertlcal (i1.e

standi ng_upr Rgpt])- Ry, + (agnibows;,) i (JYM] 45,4 hen(Topsoc gt e = QiSthe
patient is upright (18) If the condition in equation (18) is rret t he
pati ent [The dsBnitiedof thebermipof Bhtnd Rg],ﬂaﬁefgﬂem Hyaqastigisdl @, anditith is a

nunerical val ue equated tOlJlLD_a.U_ﬁD.\_S_Dm_LU.LQ_LS equal to 0. The
patient is assurred bg Lyi ditign in equati on 8) is
not net, i.e. J% ﬁle Qg"tjﬁml r(fyFX/dqi)g %g%’fzt[ nis then det elr%?.n ned

from angl es separ atl ng the two renmi ning vectors, as defined bel ow. The
angl e QNG between RCN and RG determines if the patient is lying in the
supi ne position (chest up), EpoUsTtTom (rtest—down), or on their side.
Based on either an assumd ﬁﬂ?cpﬁ)Fe I(Q{,;C)?m—cﬁrcvg) pat(rgp)> specific callfbration
procedure, as described above, the alignment of RCN is given by equation
(19), where i As,indcatepines@ation (r18) uhd fnoneatongpacds tlﬁd’leerb(calyinglain Zo axes of
the chest accel eroneter coordj nate space respectivel r r CNyJ +
r CNzk ( Yosshpibangisyioddetsamieakhaiesy thippting g sedical (hédSt%Urdéﬁﬁ mlgm qsézémg
extract ed, % pom the chest accel erometer ACC waveformis given by equation
(20): The body-worn nonitor determ nes the nornal angle QNG and then
conpares it toiffses 45° theadetreo Stated=tht/esputichangipetghto det er nilae whi ch

osition_the patient is |yi n, as . . , ,
P If1 the cgnc}ltlon in equatloyn H%) {s met the patient is assumed to be upright, and their

torso state, which is a numerical value equated to the patient’s posture, is equal to 0. The
patient is assumed to be lying down if the condition in equation (18) is not met, i.e. 8y >
45 degrees. Their lying position is then determined from angles separating the two

remaining vectors, as defined below.

The angle Oy between ﬁczv and ﬁG determines if the patient is lying in the supine
position (chest up), prone position (chest down), or on their side. Based on either an

assumed orientation or a patient-specific calibration procedure, as described above, the
alignment of ﬁczv is given by equation (19), where i, j, k represent the unit vectors of the
X, y, and z axes of the chest accelerometer coordinate space respectively:

Ren = Tewxl + Teny] + Tenzk (19)
The angle between ﬁczv and ﬁG determined from DC values extracted from the chest

accelerometer ACC waveform is given by equation (20):

Ong[n] = arccos( EG [n] - ﬁfN >
1R[] Rewll

The body-worn monitor determines the normal angle 8y, and then compares it to a set of

(20)

predetermined threshold angles to determine which position the patient is lying in, as
shown in equation (21):

if Oye < 35°then Torso State = 1,the patient is supine (21)
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shown in equation (21): if QNG < 35 then Torso State = 1, the patient is
supine (21)if QNG 135 then Torso State = 2, the patient is prone If the
condi t i orsOiI2n10eig8@si on (21) are not net then the pati enPCraSassusmdoto be
lying on their side. Wether they are lyi on their right or left side is
det ermi ned frorftthe %ﬂéﬁeﬂwlEQnSatSéth)EtZNé’g&‘m@ﬁénhbrn@@ﬁt al torso vector
and measyr &d QAN 1AL LGN YEBYL Ru B8 SGE DRy ADRYG G, ALfngngent of
RCH i s deter it ned st f Pﬁ ah assurme en i‘on, fro e vect or
Cross-pr Mdd)fWRStMelatﬂéy Ei@limg o itNEri Pt O(E(Ilifﬁild@fs c{e?e?ﬂune‘d’ffm’rﬂ tHe, dnglekK
represent the unit vectors of the x, y, and z axes of the accel eroneter
coor di naFéC’élB@é@e?‘%pé‘&ft hayioptal estoevackanng Meagredarxiitimabyectdis agal cul at ed
vect or ? {I%ﬁm on the order of the vectors in the operation. The order
bel ow detI nes hori zontal axis as positive towards the right side of the

patient' s bod¥e affedthent 08 RS, Ts detMUlinell UseMZdither REYss¥mBENédadon] BEFraAg! € QHG
bet ween RCH and is determned using equation (23): HGin ] (23) The

noni t or c}tenqmafoeSrdshpﬁ)dangdfe‘?Cthna IQﬁtas(giveprt@d:qha[dn (aey wihereeis )@l réprastgk es t o
determine if the patient is lying on their ght or left side, as given by

equat i on te2Hyt vectorggidhe gy, taﬁéﬁ a’Fﬁsr %fdh@ta%telsemgter ¢q0sdipale space repegivetei r
right si gheir
efr s aneps ok bl Ot hOCHleds dect Afscpertend AN RIAERE B 10
with a cor the$>|pcmdomngmmelm loddw tdofism tht horezonse dxils @s pesigher towardy.the Aaght

particul ar postures and their corresponding torso states
Fi gs. Rdﬁr‘?g%fg)éuglﬁoﬁ?‘)dﬁ’especti vely, graphs of time-dependent ACC

vvaveforms 100 neasur Ay and the torso ates
(i.e. postures) 101d2§jcé'rmﬁ & flT%B%‘qu{h@@ %@%?ﬁﬁ for a noving 2§il ent, as
descri be t t he ACC wavef or ns
neasurequBQQR £o egwggcéfélﬁg#ﬁﬁg?&?}g?@@(gg% &?Ja%ﬁ (ﬁzg's shown by the graph
100 in Fig. 19A The body-wor n noni OrRGFPﬁPCI'ec%S these val ues as descri bed
above to continually defgsmi Heaﬁ@oa§ s quantized tors@3states
for the patient, as shown in the grapReallRenlF g. 19B. The torso states
yield th n fin S

ati ent ooy duRaS Al R S b TR s t§fesf T8 ekl S
ri ght si gd&he paébnt 8flYingiogdl@heir right or left side, as given by equatlon (24):

if O4c = 90° then Torso State = 3,the patient is on their right side

(24)
if Oye <90° then Torso State = 4,the patient is on their left side

Table 5 describes each of the above-described postures, along with a corresponding

numerical torso state used to render, €.g., a particular icon:

Posture Torso State
Upright 0
supine: lying on back 1
prone: lying on chest 2
lying on right side 3
lying on left side 4
5

undetermined posture

Table 5 — postures and their corresponding torso states

Figs. 19A and 19B show, respectively, graphs of time-dependent ACC waveforms

100 measured along the x, y, and z-axes, and the torso states (i.e. postures) 101
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within a tinme period of about 160 seconds. As described above, different
alarnfalert conditions (e.g. threshold values) for vital signs can be

assi gned Wo 208185 t hese postures, or the specific postorasiesesfoooray
result in an alarnalert. Additionall y, the tinmedependent properties of the
gr aph 1oﬂe@mn§éfr9ﬁauhyszeeﬂa\(eéorgls fermmgegipatietieastdspgibedtahpes Aathiebe count ed)
to deter f th ien e the| r hospl t al
bed. Th| tle% Oves %ﬁ(e evﬁhbegiévth% AE@@ “faggf\?gl%g (r)nlfggurgq)y e CFHGs:uch as a 'bed
sore i ndaefceldraﬁbt@ﬁwrp Acriapiyed sHoRatbyl the §p&tIQ0 iRl YOANThB8bdy-heeh t hat

| esions may result. Such a state could then be used to trigger an

al arm al momitpopltoh@swbaewal;ieﬂgs desdiibed ahovotesmitionaly, ddgrin@B,; iagd theschemat i ¢

drawi ng show n L endent curren ses. 1 1 e the

fed and TR RatAERORE SRl MR bR AR iBe erab NG Bt Sy Hhfrent o

SpQG2, botdysd higtel gféldaﬂhg fhﬂ‘@rﬁ’@rp%gtuke@&ieﬁhé‘d A TOst P&b’thfirs'tdéﬁﬂh%étfbnﬁ eparate

current pulses 1 haV|n3 a magni tude rangi ng between about 10 and 40
1

m, whi chapedis ab@ﬂ@@ﬁfoﬁwqeédtaa antyteg anytheiir backa cledsb stebit sidopnd yeft sde t o
maxi m ze e pg elpg Ig? abou? E@d sebh& n%s (E:VSMCIIlbhengDO!iﬁa tdﬁrffggnt agar}nt/aler?s

descri be nor e regar
consunpt cemditicsr(e gnthrgytbrieslukdOfor $ddl siigﬁ@lc@ﬂbé yss@gnleaeo éatm oEE[éSe pbsui@ﬁ) Hz for
a time period of 100 ns, yielding a dut{ ycle of 5% The separation

bet ween REM§HBeRIIQBOHE iEFH war@%lét ip gp alae/aqrts Additiopplly &g §memxi ni zed
di 122
e T aebddabtorBe® drREMER Yo Bihcimal RN A et IR ORRY 0 12t

gener at esart beecamrade it dpernses fd2kamphl hdesdien biedpaieov@ofarin denerdspigalt he

il

éimth'ien a

LEDs. Th II‘CUIt 75 features an operational anplifier 180 that recel ves a
Control Dei-t B8 ntl‘%}%‘éfrﬁafﬂéh‘)n unﬁ@dggwwsgﬁwﬁrmrﬁ%hﬁﬁ bed e

connect eﬂlcﬁ&mﬂ%% (p%ﬂédt%ﬁs@ fis Q&&atﬁﬁ%y’ 1%%&1’2 B&d th8lediBA ma @t %éh*’h ﬁatéUpIO' y
vol t age of ypically froma ion battery), g€nerate the current

pul ses 120yld1i®h hegwsdd tootrigeévem aéardudbrtrt@dllelsnparmsmg m@alﬁwf@qamnall ng at two
wavel engt hs (660,905 np). The wavel ength .of E

direction that'§ 128'183a ﬁrpﬁgléﬂc Spﬁ&l%f}@?ﬁn% Hgleiﬂteggrfdﬁa EIL)‘IE1 O&ph[:f'm rcuit
175 f eat yk&iStoldeide et re@hnd infRSedliBBDs me@ﬂﬁebﬁfrﬂ@é@ﬂo&omm{gd ines 187, 189
that connect directly to I/O1lines in a mcroprocessor within the

wri st - woirpasyremerieit weO2, Methithryred apé adtareheRPs alterﬂéter,r@terljeﬁmwgles 120, 121
flow f f ot 150, and
ow Trom £ {zﬁe §ur§\ﬁt ?ﬁ@@st Yzo"glbfs ﬁ%ﬁnglgﬁi gﬁgua%'}gnéib%% %Ipfllgout 18%&5\?8 an

ul ti mat el ran resi round 3. The
LED 150 insA bwmsledan e @ntrollydd ghaelic 215t vicina Woedd-loptsyaem ltd ﬁﬁiml@éthelQO are
t oggl ed cl osed ereb ying a drive current pulse of i_= Vcontroi/Ri

I
to t he L@@D_{%PP@) é@ﬁggsg;ggtgézﬁthout saturating it, as described in more detaﬂ Wlth

regard to Fig. 22. To minimize power consumption, current pulses 120, 121 typically
drive the LEDs at 500 Hz for a time period of 100 us, yielding a duty cycle of 5%. The
separation between neighboring current pulses for the LEDs is typically maximized
according to the drive frequency, and as indicated by the dashed line 122 is 1 ms for a
drive frequency of 500 Hz.

Fig. 21 shows a circuit 175 that generates the current pulses 120, 121 described
above for powering the LEDs. The circuit 175 features an operational amplifier 180 that
receives a control voltage (Voniol) ON its gating pin. The amplifier 180 is connected to a
transistor 182 and resistor 181 that, along with a supply voltage of 3.3V (typically from a
Li:ion battery), generate the current pulses 120, 121 used to drive a dual red/infrared LED
150 operating at two wavelengths (660/905 nm). The wavelength of the LED depends on

the direction that it is biased. To select the biasing direction, the circuit 175 features red
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radi ati on. Voltage flow ng across the LED 150 is al so decreased because it

is adiode. Inthis case the control |lines 187, 189 for infrared radi ati on
are | eft wpenio/ia8208hown in Fig. 20, this configuration perdaisseis/oswno 100 ns,
after which the red control lines 185, 190 are switched cl osed, and the

i nf r ar edcewrrldiors 55480 as¥infinggl contsok s dRadl b, compics dispeteis URENGSED 150
| n a backyards BLectl onnhOSRELALG MG DAtE Al OB ASERr Hing kg, t he

above- descr rrve curre ernating précess I's repeate 500

Hz. In betRecEXe$21 flew feomd thed. 3k esbly aditade] atodshvat direansnofltbe LADOWON t he
patient's thunb i s detected by a Phot odetector 155 that features both an

anode and@"¢RYRGGAY thraesh e 4arsiger | §3and; rgsistopl ) fovegoynd k85t dihe el chises a
separ at e pWL &4l NrohPEdCRRESod DRln SRABEGES 1%@?192%%@?%2@%:@% &&FB{?G
wth t cat hode o he

wrist-worn transcel ver. e W re associate
phot odi odepplinbg aldsiee tumattipahys oé§ pa=\i /MR ftothetltHED d 80red ganagptedredi r es. As

shown in Fj gs. and 22, a thunmb-worn pul se oxineter prabe 294 caontains
the red/ r#aﬁwe?i/{f@@e BYying %@S%ﬁﬁﬁlggﬂ%ﬂf»%@%&aﬁ?& H%Q“ﬁedﬂisééﬁ‘?%%flhe

speci fi cypavat enathsoPlind2alsh, fdteror trfditaliAfibRhR et aﬁé@tAé)ghovH‘ihiF?Q a
nmeasurenent, t he mcr oprocessor 1 n the wist-worn transcei ver determ nes

t he val u@0ghistdoefigwsiiat parsiiyd Joioh00rmn aft@rwhigh thewed tage] Unepl BctYsaeit; this
value, in turn, is conpared to a value stored in nenory to select the

appr opr | _éWE&FgéFﬂquﬁ’i Wit it w_at@p@eﬁ d%p@_. ar ﬁ»@mﬁw‘%e@eer_zg_ hlég%?é‘?sat es

al t er nat iypg 189 580da bidhAr&difa@hld g%ﬂeﬁ%ﬁfﬁfeﬁgadiﬁ’tiéﬂ%c&dﬁﬂg% tfd agramin
Fig. 20 that passes through the base of the patient's thunb 151, where it

i s parti abéve-debsuradabtive yuuade rlhy iatigmeascproatsaiercpestat @ix§ Ho Intbetlpati ent' s

heart rate and,S val ues. .Radi ation.that transm.ts, through,th humb 151
i naEBE deb At B BuH a0y fhaf e Bt B Pkt aPegt & Tkt 1 en
varying hphoReeettdfles3MhhifehtifesRE farfdlie @Rd LAROdAFHOR BldcRAof i Hifi@opat i ent’ s
thunb. An anplifier circuit 140 beginning with a transi npedance anplifier

156 r eceifyexsinttptal) phdicaiess sepatateavide doio enbls that cernegts dlag eaB)ston @Favg ty Blet age
which is_then lifi.e dfiltere 0. eraie t DL I R(PP vef or ns
s?—wo?nngalgpc) gr. eCVHFeB%. OCf%[gé g‘vrlrt%ﬁ? caeﬁllode. oq?heeﬁloi%gé% @5 éllvsa})

used to c‘ive ermne an rer Circul eatur es

separ at e f@feaonedssa hivld domhé femangn@ndvifdsl t eri ng signal s corresponding to red
radi ation, infrared radiation, and anbient |ight detected bythe photodi ode

155 when t he PEDhPYN fbFighi Hsid 1202 Hevh-woe PHeh atimsisr Prabe S99 cerfpigs theor
exanpl e, ! t k [Wale S | kO | 2 I red or
i nfrared %T@%d(}?@/g%m&qgg lﬁceidtgea?:['?feé , t({rﬁégl(lfg%?%gg\é%e%ﬁgj;ﬁ Eh”tm%ﬂeggtﬁs can be
subt r act efibétholm fedtahd infearédechdanidni Duriag @heasgnakst, the mikprpoavesdon i the

resul tant si \gVnaI -t0-noi s ifie cor.r espoRdi ng to red

ratio.. The a r channel
radi at i ofVIS5VREY frREcRdc] t%ﬂlé%ﬁﬁh%%i%%h? &s;smrelg%yéaomwnngavo age

drop across it; this value, in turn, is compared to a value stored in memory to select the
appropriate coefficients relating RoR to SpO2. The probe 294 generates alternating red
and infrared radiation according to the timing diagram in Fig. 20 that passes through the
base of the patient’s thumb 151, where it is partially absorbed by underlying vasculature
according to the patient’s heart rate and SpO2 values. Radiation that transmits through
the thumb 151 illuminates a photodiode 155 that, in response, generates a photocurrent
varying in magnitude with the degree of optical absorption in the patient’s thumb. An
amplifier circuit 140 beginning with a transimpedance amplifier 156 receives the
photocurrent and converts it to a corresponding voltage which is then amplified and
filtered to generate the RED/IR(PPG) waveforms used to determine SpO2 and cNIBP.
The amplifier circuit 140 features separate channels for amplifying and filtering

signals corresponding to red radiation, infrared radiation, and ambient light detected by
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circuit 157 that is controlled by the same control lines 185, 190 that
drive the red LED, as shown in Fig. 20. Wien the red LED is driven, the
sanpl e- aniolzolod48ioscuit 157 is switched on, while siml| acTasaponzwe 164,
172 corresponding to the infrared signals and anbient |ight are sw tched

of f. Thet@mt@mdﬁﬁoﬂwndhfr EEPtis netbiasgese eencsaiel radadtionailhes epsuinisirog

vol tage fro h e rough a
{ow pass ey E AR ARRSLERE A EloB0 MpRn il e 3 RRRGEFLEET SV ee
any hi ghiy @&teanOncoaesed 8h@de e drtanedlaﬁtlfghcedn Bedubectédabmi e réel at ed

to the RED(PPG, and yields a fllarel imnary waveformthat is digitized with
an anal ogb alf@rf'gii %1%a1%t8ﬁ%FQV§ﬁ e}?@sulémamsmécteg@ée 10 JEecHMEET above to

I o pasS T r IR, o BB A T R el o and

| eave onIcycmhbsmﬁaql@lcbmtmﬂed\Myithehsmgqﬁmabl MnasdB6 ek¥nthst dabeube 8d3 ED. 1% of t he

t ot al | t furth i f th t andar d
st rumenEat B rgt Kher ega BB ATHg e RtN S HGERE s h b s
control | @Qltgﬂetdrbnawiiﬂ@@nﬁﬁafr 85 QPGfenY0l 12 g® @&stﬁorﬂingg‘ fodthe Hﬁlta?élf élé’r{ﬁ%t &fa (not

shown in the figure: this conponent may be included directly in the
instru rrenmmelnohglampet §witahey Offeéﬁmrsamgleaanddrqlcabﬂr@mr EYi stmplesend omtinteink ed by

the m cro ess ro roc ssor Iec t he .resi stanc cording to
o edet &b HLER B85 L B T R C G BSED e N uT e B eI HEBE t he

dynam' C H@ﬂ?@ss&ﬁteﬁrﬂ% amh&aﬁe@ aQE(IHJ: c@ORY gl Efiltel tomovRiaf y BIgBCESS results
in an anplified version of the si gnal , Wmchlsthen digitized with

t he anal dgqedchingise & gcﬁ@rﬁéﬂl@@tﬂcﬂmlsﬁ that Heet W@@‘é@s@@@(ﬁ@@é@méed above.
The abov sSC f|| cg ated when
the infr eﬁj aI_II%Bp 5 sge;% eth:iap%1 aﬁ%‘P é&{wﬁggf# %?algé gol r ltsco%%wggrergespondl ng
to the i aﬁd p;roedssedlasrmbnl&rdabaeé tovg@hehter RED(DCD asleel V&p&nhﬁmryl i nes 187,
189. The | ow pass 166 and hi gh-pass 168 filters corresponding to this
channel a%aéeﬁoaaﬁlﬁqndgﬁseﬁéhrpﬁg}t@h@é&ss%kertlﬁQ wigte ear e 0.1 Hpg remove the

i nstrune Opb 0 r0l{ bya
separ at e di 6198? g%gteg%ét fag%eteer OﬁLoglvg}h g&l{}%} lg%ey reg{ﬁgg%ﬂlﬁfﬁogﬁggio nl.oﬁ%

because tliraotaR{iPREMagnpidal The Adpoaianeb ﬁmhﬁehmpliﬁecgmthrmtainﬂmde and thus

requires.less anplifi Cﬁéi on., than the RE channeh8 espondi ng

to anbi eftSUHMGRENIEHPP é%atb?%%g’éﬂg 1B?b ﬁ)@aléll aW §ontip sa i ncl udes
a sanpl e1353dRalde 'leTta?gQraﬁEi%thita'i gb‘ﬂeﬁu&ﬂ@teﬁ 3l BRSsEa frgnal @g voltage to a
| ow-pass filter 174 featuring cuto The filtefed val ue

cor r espondinpenenpmapive errctludedgimculxmtthemscthglﬁnuazgdamphiherb featwimglaoguiabledi gi t al

convert erres?s?zglcg rc]grﬂr&feg%e%ﬁg gllcarlgprggess%rl b[%g: n%lgrcg)\f)?dcessor selects the resistance

(according to a predetermined binary command) and corresponding gain to maximize the
dynamic range of the analog-to-digital converter 176. This process results in an amplified
version of the RED(AC) signal, which is then digitized with the analog-to-digital
converter 176 and then processed as described above.

The above-described filtering and amplification processes are repeated when the
infrared LED and a sample-and-hold integrated circuit 164 corresponding to the infrared
channel are activated with infrared I/O control lines 187, 189. The low-pass 166 and
high-pass 168 filters corresponding to this channel are identical to those used for the red
channel. The instrumentation amplifier 170 is also identical, but is controlled by a
separate digital potentiometer to have a unique, uncoupled gain. This is because the
IR(PPG) typically has a relatively large amplitude, and thus requires less amplification,
than the RED(PPG). The channel corresponding to ambient light only requires

processing of DC signals, and thus includes a sample-and-hold integrated circuit 172 that
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Figs. 23A and 23B show how t he body-worn nonitor 190 descri bed above
attaches to a patient 270. These figures show two configurations of the
system HRWvQ.2088A48®Rows t he system used during the i ndexiPag/uyseomiosgwoof the

Conposi te Technique, and includes a pneumatic, cuff-based system 285, while
Fi g. 23Bpafiewan méogsxﬂéttaéwml@w p@ﬁ flétebé’ééhf@étmmgp@@ Raenteffll Bhe flteisdr emrent s.

The | ndexiig RASUEATEN] el b Y. 8K 3 ARa W R 38500 3Rl rdarpt cal 1Y

perfornea once conplete

t he cuffaﬁa&edp&xskeﬂh285whbaiMﬁwealIy renoved fron1the patient. The
remai nder of the tinme the system 190 perforns the 8&52 and cN BP
nmeasur ement s. Figte2bdayd adB %hPWd]Pe‘?L@G W@@tfﬁ?@@rd9 pstibgdalpver anscei ver

272, desﬁg%ﬂ@?tda{‘pd;%%{gzﬁ)etﬂleke hgmgé ShovPfiv éo%%‘gﬂf ﬁfet \'s/‘fs r{r’afflg 231A“erface

273 that displays , bl ood pressure val ues and gns.
wWri st stshpr@@sﬁﬁﬁhnesimhﬂguh@n@eangponﬁmZEME(&hﬁp@ﬂkﬂkdthWmmn¢t I|ke a

conventi on wri stwat ch. erX|bI nects_the transceiver 272
to a pul gﬁ%@ﬁ AEPE}MHCo Fpased e ﬁﬁ? E{gnégﬁﬁléo‘ﬁ%@s S&%tem%edﬁ%i ent's

thurb. Dufaghche SFO2 HEEERNSP moli@udthlhe ﬂ%ng&aﬁg Al8Surdnd i TEsidgRandant PPG

wavef orm whi ch i s processed along wth an ECG to neasure cN BP and SpQ2.
Thi s proab@ééoaﬁxmdsumduQWP@pﬂﬁQGﬁmamﬁ@mCQtwhyédhhpn%§§mmehcnubhmgcentra

regions of the tient's esc

reger or mireatiCBRL GobrRinoft virrB el ST Sk PRGNy KT g o omet or s
| ocat ed @hnéﬂtf TBE RMaiRRE b #RSin@Ntht B?st&ﬁtw@ RErfSmay tHe Bﬁ@z ahesNiBFhe first
accel eroneter is surface-nmpbunted on a circuit board 1n the wist-worn

t ranscei WMASIFPER A neasures signal s associ at ed mnth novenent of the

patl ent’s wri %rhe A@ - HOQ?% f@%(%g%m%&g QIV&%'IS”Q‘} C].V l{ ?gSC{lgg%ﬁlatl ve of

that origi nating Pro ent ngers, e Sp2
nEasurenEﬂﬂed&H@nSE@ODdfaﬁmﬁh§ﬁQﬂ@h@mkﬂSﬁhﬂﬁh@d@@nﬁﬂm@h§ﬂ8b02ﬂﬂb&head
portion 296 |ncluded al ong .t he span of the cabl e 282. a _measurenent,
a snal | presgwe yrlugs %Iﬁd%%ﬁﬂ vata %&@S Apiist gfrapi 290G xesthe taarbssw@fr%ndﬁ she

bandai d, Qt{“{(nlft] isk ge Q U&Aﬂ%gggna? VrdstPici? OR ffe%bﬁ@&b@%gf&tnne&s gem In this
way the Bul Knea portion serves two oses neasures a

tine- depﬁant&ntveAm teavafl@rarifeenptobe 264 drapwraps(amlmﬁ thdeaspat thentatisntar m

t her eby t heir posture and ar ht to be det d as_.descri bed
- det ai VAT bsg ey Botg ot eapdes s8R GIepRABA Pa K e 1 o
'anease%%ﬁ%QEbnﬁ@ﬁe@%&%ﬁ%ﬂﬂ%ﬁﬁ@@t&H%aQRQ%Nﬂ%ﬁ&uﬂ@ﬂ@ﬁOThé%ﬁmn&%%h'CU|ar|y
when the patient is anmbulator

accurate representation of blood pressure in the central regions of the patient’s body, as
described above.

To determine ACC waveforms the body-worn monitor 190 features three separate
accelerometers located at different portions on the patient’s arm and chest. The first
accelerometer is surface-mounted on a circuit board in the wrist-worn transceiver 272 and
measures signals associated with movement of the patient’s wrist. As described above,
this motion can also be indicative of that originating from the patient’s fingers, which will
affect the SpO2 measurement. The second accelerometer is included in a small bulkhead
portion 296 included along the span of the cable 282. During a measurement, a small
piece of disposable tape, similar in size to a conventional bandaid, affixes the bulkhead
portion 296 to the patient’s arm. In this way the bulkhead portion 296 serves two
purposes: 1) it measures a time-dependent ACC waveform from the mid-portion of the
patient’s arm, thereby allowing their posture and arm height to be determined as

described in detail above; and 2) it secures the cable 286 to the patient’s arm to increase
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The cuff-based nodul e 285 features a pneumatic system 276 that includes a
punp, valve, pressure fittings, pressure sensor, analog-to-digital
converterworeoov@smat rol | er, and rechargeabl e Li:ion bat PETHUS200/089990 an

i ndexi ng neasurenent, the pneumatic system 276 inflates a di sposable cuff
284 and penfaf s pejormaresnt dhrebrdy-wemwaneniteg 10O nareculshypoldn the Patedmhisque: 1)
it perfora%g@g)ri nfl ati on-based neasurenent of oscillonetry to determ ne
val ues for YDA, and MAP; and 2) it determnes a patientspecific

rel ationship atwegnvalkiimadde MFfeatth@sepivRARLE eyRih 276kt HreEcles bed in
detail in the above-referenced patent application entitled: 'VITAL SIGN
MONI TOR PERPNEASURIGR B ARESSIIREN 195 NI SPtPrdigital cCepyertPRl CAL, AND

PRESSURE ' . - fd contents
of i Oh THaCEoter. shd reih Pt L R by, Dorith ehtRfekds p@emert e OTE
284 w t hipneunicoyttmasadf]gacaudiaposableysffé¥dd 288 pegomypivoaheasustneposabl e and
features an internal, airtight bladder that waps around the patient's

bi cep t o2cROrdigafo the GomRosts ﬁ?@gw-e 1%5?f29rnwpil t’cql?é”ais?fh@ﬁ?stl}ée%]égtrenent,

pressure oyéhé&ﬁ&r;a{oede@érﬂﬁﬁé ks $1§ DI Sha A RNAHI0T it Radhihdsa) paGigRverter,
and sent through a cable 286 according to a CAN protocol, along wth SYS,

DI A, and spdeiHidlcboigngrie betwees PTT and MARr iThesewngasuiemznis ced deseribezinfderail
processi ng . as, descr.i bed .above. ce the cuff- IL,s conpl et e,
Phe cut  TouEhoe e e R Cinrooter RaRy NAPRESIGN ADNEROEGRS hechr o
282 is diMEASTRINEBIEOOM PRESIWREIMNOPTRNSL SEVECTRIZALCANBP is then
determ ned using PTT, as described in detail above. To determ ne an ECG

the body PRESSURFhMAYEROBMS ALY 88V 52/4 3% 94;dded BinetlAr 28 dbe £a® s plui t

i ntegrated.di Ly Nt I . 1 t i nates an ECG cabl e 282.
The ECG g‘?lrlcglull{at%gﬁjee% %rrg%lgugﬁplﬁﬁﬁég%g? ﬁ%élcnl llr]‘(%{ﬁ’|fetr8‘[c%1'at collects electrical
si gnal s from trhe eeff 2B stithwdthe cEEBasdEpicnndeas s Aidn285 appieailedispdrablegh
cabl es 280a-c. The ECG el ectrodes 278a-c are typically disposed in a

. > Ly IS !
convent i 8hhfeatnresamigieainl stirtighpblgdder thas prarpuaretiddhe frficah s bicen te d¢laKERe- | i ke
orientati oGt =G i ' t . Leatures
t hree un:ugig%%%é&\%ﬁlggs mgl?lg r%%et7 gggngpjgg%lﬁzrga b i ggsﬁgﬁ S 1t & réE%%}tgifggcui t
det er m nég thepinteonadl hndeg-ECE gvavehoems:, anthieahtharughdi agblei286 dicausiding tan

anal og-tadi gital converter u d proximal to the ECG circuit, and sent
Chrough S ANBIEeesbalons YRESTR: BIABRMAPRLEsties 7o BEREFEIRA (o t he CAN
pr ot ocol traﬂ's{&%fv%r 210 Bfdec itk BRI MBELO6TE @R (R agessed Qsdeterimsne the

patient's bl ood pressure. Heart rate and
complete, the cuff-based module 285 is removed from the patient’s arm and the cable 282

is disconnected from the wrist-worn transceiver 272. cNIBP is then determined using
PTT, as described in detail above.

To determine an ECG, the body-worn monitor 190 features a small-scale, three-
lead ECG circuit integrated directly into a bulkhead 274 that terminates an ECG cable
282. The ECG circuit features an integrated circuit that collects electrical signals from
three chest-worn ECG electrodes 278a-c connected through cables 280a-c. The ECG
electrodes 278a-c are typically disposed in a conventional ‘Einthoven’s Triangle’
configuration which is a triangle-like orientation of the electrodes 278a-c on the patient’s
chest that features three unique ECG vectors. From these electrical signals the ECG
circuit determines up to three ECG waveforms, which are digitized using an analog-to-
digital converter mounted proximal to the ECG circuit, and sent through a cable 282 to
the wrist-worn transceiver 272 according to the CAN protocol. There, the ECG and PPG
waveforms are processed to determine the patient’s blood pressure. Heart rate and

respiratory rate are determined directly from the ECG waveform using known algorithms,
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respiratory rate are determned directly fromthe ECG waveform usi ng known
al gorithns, such as those descri bed above. The cabl e bul khead 274 al so

i ncl udes w0 2anc¢@BWSOoNet er that measures notion associ at @ATWISEHL00B®00
patient's chest as described above. There are several advantages of

digiti zi ﬁg:h@@@@mdlem@edvab@feor% csblp@rullﬂl@act FHhadsa meludgs ahaerlerimerigh t he
cabl ? 28%}1 tlEI{e res ﬁoéétngslsgm&teg ?t'ﬁ'tﬁes Ezﬂﬂ: g n]gesl[ ‘gs (ﬁe?gnbe%balbg g 82 can transmt
c'fl It eﬂ ated y di

mul tiple erent sensors. This

i ncl udes rrul trmble aﬁiﬁmv@d@m@e( @fcmgmﬁ@m@gnd (L watdonm@ciriyrso associ at ed
with three, five, and twelve-lead ECG systens) fromthe ECG circuit nounted
in the bHRR¥RIs#Nham ﬂalosalgthmcehle\iéé%efgﬁtnﬁ sag%wawawwltnﬁ ip fe cpbley2825nd 2z

axes of aaeeLARANRLRRR JRMINEA ik NchULiNRags, Affteed ol ki 0. L he

transmssion line to a ngl e cable re ces e nu wres attached to
the pati énfydet hediegly EQecweadomey (checsponding, eagldtoo&blomzrsedxaatedimtﬂlumte&ar of the

body-worn noni tor ca I t| 0 duced by a t or tient
can chan§f&139d teFREL ?%dﬁ&a%ﬁ@f» 62'3{3,8 cupR mavled if iﬁ@éﬁ&%ﬁ its

i nt er nal al@n?%th J&Ue?orrﬂs%s&dé‘ia@ed AR th%@éj yDél{cﬁzea;Ee@ o@@c&[@érﬁ&eﬁ'rﬁ&ﬁiw@ﬂd
ultimately the vital sign cal cul ated fromit. digital signal, in

cont r ast thei mlichehdt 274 L90.i imitieg the tsamsmlsrmmdmmumd sogh cabtﬂ redees thel\/br e

hi st t CG th t t
SOP S G0 LG o GRS R DAL T RO A STRE SN

Circuitscradr bié BEB-wlrbmontdry Gedstdl, ENRE MR tbE AftficedbPan %ﬁb@lﬁ@&“@ a cl ose-up
view of the wist-worn transcei ver 272. As descri bed above, it attaches to

t he pati eniens cyy shangeierspesricnl psoppities 612 &rcaon! peaHends) ebigsintamadugh t wo

e R Py
addi t i onahlcylafegdtont &S Aadigalcignan e catitpl, ayrel@0ell h@tnume nslarch ngotddk 273 whi ch

is altered deCPendl ng on the viewer (typically the patient or a nedical
pr of essi Jrargd argfre &Si fically, the transceiver 272 includes a smallscale

infrared barc Euea%(ﬁ P%“Fﬁ%‘égﬁ%oﬁté%e gﬁ@t 6L &g worn on a

badge of a ne |c pro essi ona cates to the transceiver's
sof t war e raphate thd treeclkadrplsem showr indFigy. 28Aahd23Bs The@WEOG citheitusar

interface. response QU 273 displays vital sign data and ot her
medi cal H?%‘ﬁ%o‘%gr Mi ﬁ‘F%WFEY?]S CESappr opriate for medical professionals. Using

this GU 273, g Q4@H(5\§§a Blosdg Afkfé’iv of tBE weXAWBHEwrarfk8dviti 29 tAR&IeVddRl Sign
information, set alarm paraneters, and enter information about the patient

(e.g. t hebmvedémﬁgrlﬁpm beipafiort vaxtisonsingediesild grap 290 whach thadads dndighi on) . The

nurse can, 3 nng opemngs in a plastic housing 206. The transceiver 272 houses portions of the
circuits 175, 140 described in Figs. 20 and 21, and additionally features a touchpanel
display 200 that renders a GUI 273 which is altered depending on the viewer (typically
the patient or a medical professional). Specifically, the transceiver 272 includes a small-
scale infrared barcode scanner 202 that, during use, can scan a barcode worn on a badge
of a medical professional. The barcode indicates to the transceiver’s software that, for
example, a nurse or doctor is viewing the user interface. In response, the GUI 273
displays vital sign data and other medical diagnostic information appropriate for medical
professionals. Using this GUI 273, the nurse or doctor, for example, can view the vital
sign information, set alarm parameters, and enter information about the patient (e.g. their
demographic information, medication, or medical condition). The nurse can press a
button on the GUI 273 indicating that these operations are complete. At this point, the
display 200 renders an interface that is more appropriate to the patient, such as time of

day and battery power.
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button on the GQUI 273 indicating that these operations are conplete. At
this point, the display 200 renders an interface that is nore appropriate
to the pawDento/148206h as tine of day and battery power. ApCiasesiooamoabove,
the transceiver 272 features three CAN connectors 204a-c on the side of its
upper portion Asé’ﬁéqiilhﬂﬁiabwesﬂlﬁﬁmﬂﬁ@l\teﬁ87Z:ﬁ¢rﬂt1}5¢ﬁ)ﬁ1€f@c¢AHm@ant¢rﬁ§0%ﬁéﬁrati cs,

d I I h
v ough- TR oRRetRhRel Tatl BalsT SRR AT AN AIRLafL B S cpaci Fro

si gnal (@cl@maﬁ@ﬁan&@ays@iglﬁk&ﬁﬁdﬂiﬁ)t%ﬁ%ﬁélﬁﬁlr@lf’ﬂjollglm siguilk thaped nodul e) and
t he sensor fromwhich the signal originated. This allows the CPU to easily

i nt er pr ethrepgntae &AM a@nr&rs?orwclﬂlﬁ? aligirler Hiat ouligaics ibretresifs sEmahees. EEKH neans
that t he%%@%@pﬁegg&é %va%i%nmfon?ﬁl%%ffaﬁ %Qd mogﬁie?mﬁﬂﬁs'séﬂssr ﬁ&'ﬂ'v%nc@g% cabl e

connecting to transcel ver can ugge i hto any connector a-c. As
shown i nsigngl. or@&ﬁ,ted HEhlsE alit(svt?s the ﬁ}PébtowasM&rplecﬁgmdmlmhmwaldireugﬁthet hat
transpor'gngﬁ'l %I tized vef og get ermned fromthe EC& ci.rcuit and
el ect r od&<AN SoRP aﬁoaﬁ%%fé:da MVBRIGRTE CRBAESTRT Bt AveErEl Srlt®ers in the

cabl e bukkhaad. 274 @tgdcathrbecC Hbdhgad t}&%&ds&é?ve%%@n %@E %g@& f?&’o Xﬂ;lc’fbnh&fioﬁCG

cabl e 28 The second CAl onnector 204b shown in receives th
cabl e 28804=hatAs@mtﬁlgdimeh@ﬁgumctoc2@43’11@9@9@; thqsztbéfrﬂ&%&amed for t he

pressure- t .j.n i nmeasur nt ho [ ig., .23 Thi,s connect or
D05 r ecHr oS s s A e SR B e T T s eew By et hnennat |
system 28fd Hfgldz@@ AT K0 0fm SFBhsudddOtPacbleFbnvdd ik @ the @abIS ¥aikhBPALR 748dHd VAP
val ues determ ned durln% the indexing measurement. The cable 286 unpl ugs

f r om t he thednmighend porzion V6 sseciated Wikl setle dd2nent i s conplete, and is
| d back
piugge ac fl[ﬁfé %coﬁcri l@@ﬂ? 0 e%&%{)or }%gv 19%'1' 2r8<§en%§?l§g] gablé %etﬁh

nmeasur enent . I na onnec e use or an anC| | ary

devi ce, eohecR t@theqareingtic cufftbhed GRstpwiIzgS ubﬁﬁﬁbr%pieﬂsﬁ&bﬂldplndunﬂp
ventilator, or end-tidal CO deli ver%%z ystem As described above, digital
i nf or mat F@?X@‘éﬁ%@aé‘ﬂfé@eﬁy(sh%‘@%@ Kigs? e Wit sommaetp edbaeerivetar tiferat i ndi cat es

their origldysg FJDthd%ﬁO i 8 el RALECHR 99 th g i;anscei ver
272 incl ugéas a s?pegi 20 g {1 g/s%%éap T gﬂgaﬁﬁpro essquoﬁ To
comuni catme, aMrigwith &alpast fioe St Su DllAgarEi MaiPoelwes @etelmined ﬂetln@ﬂmtlmdﬂxhng Va P).
For exanpl e, using %e 201_t he nedi cal essional. could query the
pat i ont. TG EEnMAHECSY AGPSERETBIOrOTERPT COBHONE TEoAHEarEd ¢ o a
wireless melamr%&?ctls Qﬁﬁﬁgten%d’\@r kug®kd Bidk ih Qﬁepﬁfp%)&ﬁilatelﬁoulf H@urg?cql cal
profeSS|onaI could wear a separate transceiver simlar to

another indexing measurement.

The final CAN connector 204c can be used for an ancillary device, e.g. a

glucometer, infusion pump, body-worn insulin pump, ventilator, or end-tidal CO,

delivery system. As described above, digital information generated by these systems will

include a header that indicates their origin so that the CPU can process them accordingly.

The transceiver 272 includes a speaker 201 that allows a medical professional to

communicate with the patient using a voice over Internet protocol (VOIP). For example,

using the speaker 201 the medical professional could query the patient from a central

nursing station or mobile phone connected to a wireless, Internet-based network within

the hospital. Or the medical professional could wear a separate transceiver similar to the

shown in Fig. 24, and use this as a communication device. In this application, the

transceiver 272 worn by the patient functions much like a conventional cellular telephone

or ‘walkie talkie’: it can be used for voice communications with the medical professional

and can additionally relay information describing the patient’s vital signs and motion.

The speaker can also enunciate pre-programmed messages to the patient, such as those

47



shown in Fig. 24, and use this as a comuni cation device. In this
application, the transceiver 272 worn by the patient functions nuch like a
convent i onal2ooel4Bao5ar t el ephone or 'wal kie tal kie' : it Pcansh@owsmdof or

voi ce communi cations with the nedical professional and can additionally
rel ay i ntsdiachldhragdbeehosi-wgrn dveclpepmasers fer apastire eilgratiemes desciibed  The
speaker §g? also enunci at e pre-programed nessages to the patient, such as
t hoseuse O calibrate the chest-worn accel eroneters for a posture

cal cul ati on, &sadR66H folBekeahaeds debcrisddiabo ) tHetbddpas@n iedniedsard@sar i bed
above, the bod -WOrn nonitor can use a nunber of additional nethods to

cal cul at @u@b%rdzf Wridiongracthpdy BreAlskiafsiped piceyrd psiRtheraps tiesdrora e
el ectricg ?é/é@\c{ﬁ—‘& O OFical RS RS eﬂ@é%&%ﬁ&gﬂbéa ke Flo bfgerlgat ea&ﬁ@‘;&g&gg

patent applications, the contents of are I ncorp
r ef er encepplichti GUEFeESHteBls DR RRESSUREMENET DiRe N 1ACCANPANYT NEFVEREL ESS,

SYSTEM FERCNEASIRI Yt SR BrR A A< QMg A TRy b s SANTERNE- 1 7

2004) ; 3BA%S§§$EME@'§ fﬁﬁ%ﬂé‘@&n@’@ﬂe‘&%rﬁl‘#% FNGS YEB S %W CES’
| NTERFACE (U.S.S.N. 10/810, 237; filed March 26, 4): 4) VITAL SIGN

MONI TOR EOR MPASERINGBRIO@APRBISURE 8.8 3N. i(D/V@Q:IOBb[ﬁII@hZBBml 2.2000004) : 5)

CUFFLESS NY, LE DEVI CE

(U s. s NCUgIass B PRESREAUR IR A ACCEMERRSRE e e o o e
DEVI CE FEARWRCNG INT@NF'A@%{S% RAREBI AN ViR SVIakénS652004)10) PETABSEGNT i | ed
Cct ober 18, 2004 PERSONAL COVPUTER- BASED VI TAL SI GN MONI TOR (U. S. S. N,

10/ 906, 3MONiT®%&QReArTJrH@TI€5APM TONS RATSN S SrrEoReVEAZSORHNG BLOOD

PRESSURE NA %ﬁ% 5'C kj N N» R ﬂ 005);
oo e R e R A s SRR g EROAR A O RS AN B8R LSS0, T
: Fs§ o
005) ; 1@AOEHREDES@CEKNEERNEHOB%SED1SHBJEN%HQRI&E%BNR%NBLMKﬁAL SI GNS FROM A

PLURALI TY OF PATIENTS | N A HOSPI TAL OR MEDICAL CLINIC (U S. S N. 11/ 162, 719;
filed SepRERSERIOMONMIORING PENAND IR BIREGY PERAERROEASHRBREEN TAL SI GN\S

ﬁ/gAgugl “ AIHI‘XE?S 704@%@ ﬁd@%%m ﬂg/%;% tg%ezfﬁ%o%@"gd%g% é§rT L%RAE ogg;Q 13)
SYSTEM FG@MEH$BRLBJSSEDTWIAGL SIGEN BBONGT AR (CRTSCALI ONDBUILE; FEAFORUNG A GREEN
LI GHT SOURCE (5 67 pR 1 n SENSDR BOR MEASURING BLOOD PRESSURE WITHOUT A

CUFF (U.S.S.N. 10/906,315: filed February 14, 2005); 9) PATCH SENSOR FOR

MEASURING VITAL SIGNS (U.S.S.N. 11/160,957; filed July 18, 2005); 10)

WIRELESS, INTERNET-BASED SYSTEM FOR MEASURING VITAL SIGNS FROM

A PLURALITY OF PATIENTS IN A HOSPITAL OR MEDICAL CLINIC (U.S.S.N.

11/162,719; filed September 9, 2005): 11) HAND-HELD MONITOR FOR

MEASURING VITAL SIGNS (U.S.S.N. 11/162,742; filed September 21, 2005); 12)

CHEST STRAP FOR MEASURING VITAL SIGNS (U.S.S.N. 11/306,243; filed

December 20, 2005): 13) SYSTEM FOR MEASURING VITAL SIGNS USING AN

OPTICAL MODULE FEATURING A GREEN LIGHT SOURCE (U.S.S.N. 11/307,375:

filed February 3, 2006); 14) BILATERAL DEVICE, SYSTEM AND METHOD FOR

MONITORING VITAL SIGNS (U.S.S.N. 11/420,281; filed May 25, 2006): 15)

SYSTEM FOR MEASURING VITAL SIGNS USING BILATERAL PULSE TRANSIT

TIME (U.S.S.N. 11/420,652; filed May 26, 2006): 16) BLOOD PRESSURE MONITOR

(U.S.S.N. 11/530,076; filed September 8, 2006): 17) TWO-PART PATCH SENSOR

FOR MONITORING VITAL SIGNS (U.S.S.N. 11/558,538; filed November 10, 2006):
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filed February 3, 2006); 14) BILATERAL DEVI CE, SYSTEM AND METHOD FOR

MONI TORING VITAL SIGNS (U.S.S.N. 11/420,281; filed May 25, 2006); 15)
SYSTEM FORONEABURIONG VI TAL SI GNS USI NG Bl LATERAL PULSE PRANSLOL0/DB0H
(U.S.S.N 11/420,652; filed May 26, 2006); 16) BLOOD PRESSURE MONI TOR

(U. S. S. Nand, 1185 3E)W VIR FOReM RR¥GVIBAL; S AND REWOEBARG PATEQ SENSOR

FOR MONI TGR! S , 538; filed Novenber 10, 2006):
and, 18) IW'E%N%%RWG%W%&E@E{G%@& ND RENDERI NG VI DEO | MAGES
(U.S. S N 11/ é8Rer Bhbodfnhdndarh/arse Rvithin #R@Q¢épe Mtheinvemiuadi Foe 8k $mgle CothdrS O

wi thin the scope of the invention. For exanple, other rreasur enment
t echni qug@asweﬁnté%ch@esmérﬂl?lbﬁ%ﬁona@mqnpb%étl cHy8eAewEd durinadeftpdonat i on,

can be Ugﬁjbé DeelG0 BTG §¥§ ffoP{he BEv2 é)sléﬁ Ijlthﬁlg %dQRfo}nEWB

Addi tion processing units and pr obe asurlng pul se’ oxi netry
simlar pmcbhmrdesind iplbds &dyaveaswdany ﬂnﬂsermdmktrgdmaml tovhose dascbdader porti ons

of the pa ient' bod . For. exanpl e, pul se o imetr robes with finger-ring
configurd P6ifen B ‘Wgar NN A £OBtRE P Elﬁé)r"}“%/ﬁ Bodinbor ¥ammiey can be

modi fi edphge @Hn%ﬁ@z ﬁr@bé@t&lﬁfﬁﬁg%? ?%bﬁﬁélra@éﬁs%ﬁnio@%o@i?@§ﬁhg&9of‘ﬁ@%anSUCh as
t he ear, for ehead, "‘and bridge of the nose. In these enbodinents the

processi g thwinb. &mhdyeﬁawcbp madafigyl eaeschotorghertchaventibealwitesior measthings ar ound

(Suppor t SB0 o520 Bl GF o at? nss AR by Pt FERRALERING T coi 1

ot her en‘@ﬁ%m}fg wnif 8 RHARE iR PR ARGIBIN e Wiist, sBéas NEQQN tBE ﬁékld @h® a
single unit. In other enbodinments, a set of body worn nonitors can

cont i nuoSEIRPrtad-g-oby alagyadponsn Hatrrbents, waikidruripartedhere. gatd dit thah t he group
wears a QRQ%&"% fle E?t?érﬁ %eﬁjbrﬂl'sﬁﬁ the E@BS&P%%%%M @%%e 154 6t o@essﬁ%du,:%' onal 'y,

each body-wo e au tron e sor
| ocat i Ona&aﬁ&gfatddlﬁ{dkdﬁﬁglaumu’ el ess corrponent and a | ocati onprocessing
conponent that receives a signal fromthe wrel ess conponent and processes

it to determ AROREHHPRILAPNE gLt POPPAYF WPIRENpHEArEFAN CORLBEBEHSEPHEP Gonponent
(simlar Idﬁpto*fz)auélﬁé GiHeREH e fﬁg)‘éﬁéntqmﬁ‘er %{Pﬁ?%&fg Ao ng%v&h% EP&RGEMo
a 1 gn, one t

wavef or né ast one vit ar anet er an alarm
par amet ethosalewtibtdblreinomddiveonabytraniabodyrwofn ﬂnbmsorl caf be magmanrted Kithiar el ess
[ araneter, locatjon of the

transcei yer .transm ;he vital sj ﬂ’ not i. 0

pati ent , ‘HAHORPAPM tﬂg‘}" fietiap S‘EIHPB{E‘S des virsless eorapRiERtAndR Iogdtie conput er
system f SAICHE sk M iSR! tﬁ%{t BN RR st BibRAGEe Wefe@@cd%ﬁ&'eﬁ%d%%%e%i@s heceives
the informati on and displays it on a user interface for each patient in the

group. todetermine a physical location of the patient. A processing component (similar to that
described above) determines from the time-dependent waveforms at least one vital sign,
one motion parameter, and an alarm parameter calculated from the combination of this
information. A wireless transceiver transmits the vital sign, motion parameter, location of
the patient, and alarm parameter through a wireless system. A remote computer system
featuring a display and an interface to the wireless system receives the information and
displays it on a user interface for each patient in the group.

In embodiments, the interface rendered on the display at the central nursing
station features a field that displays a map corresponding to an area with multiple
sections. Each section corresponds to the location of the patient and includes, e.g., the
patient’s vital signs, motion parameter, and alarm parameter. For example, the field can
display a map corresponding to an area of a hospital (e.g. a hospital bay or emergency
room), with each section corresponding to a specific bed, chair, or general location in the

area. Typically the display renders graphical icons corresponding to the motion and
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I n enbodi nents, the interface rendered on the display at the central
nursing station features a field that displays a map corresponding to an
area W t woubto/gdm®ssecti ons. Each section corresponds t eCrhis201003¢00@Nn of
the patient and includes, e.g., the patient's vital signs, notion

par amet eualan“am@ram@afrrﬁfqmﬂdnmt@m inpthe geoxambl ethex ¢rebadiments the bedwsploay a map
correspo Spi t a ency
roonj, qﬁﬂggllc ugeesc %%ﬁh@](;)lr(rﬁé)h 3 t% tl%hd{rgﬂ%se %aerél ? Rls ‘ﬁ%&ﬁyé gﬂerp alrtTgfétggeneral

| ocation in tH@pﬁﬁl@ﬁthew@lu@ﬁllsénsomﬁitﬁb Steass trelﬁHdeWSr e b alcomens
corresponding to the notion andal arm paraneters for each patient in the

group. | Wl@iqﬁéﬁysé%cm Rerifedessshgen dased @y H2ndn PO L Hnll GGHBIET BrogRcgbhi cal

di spl ay thpﬁﬁs (ga%g'g%catl&bﬁ te?ﬁﬂ&gqaé/ r§ceg§1fl ﬁfe!\%rcﬁ@sstsgﬁap@{th %Hé or 11_1}51% cal l'y
the | ocation sensor and S tran ceiver op te on a conmon

Wi r el ess aRypsithemng krE)V&gl. mahe/\m eTkss isysteeforbasmplepmiaBfdatidg sigdds kbeisted or

cel | ul ar @rotgcolir Cg this case .a location is determned b proceSfi ng the
wirel ess ashihree BHErBE bavhPatiany BF TG CKHNAS AodaHen frted ofea

i ncl ude, stfréH t}%&iﬁ%%mlw ﬂoaa%%&lﬁdrﬁﬁséét&ﬂﬁﬂ Sin 88 8N Embb@Meats therheiddr ee

di fferent base stations, or sinply estimating a | ocation based on signal

st r engt h semdr pcliden cqmvpmtl@abglpbalqmsmonbawstsma(ﬁ%m In still other

enbodi ment s tt}$ % ation sensor Incﬁ‘}cj es ﬂ cony i onal gl obalt posi tioni ng
system (GPS). "The°® oEYQr‘%/\B’PW%%Pt‘% “ah'® %‘?lﬁ%l]é“e P FOiLES nter f ace,
and the cempher EMTRLEE a GBnd REIcH dierfact eRAMte MAteS & iththEFifRGBick hat

integrates with the first voice interface. The |ocation sensor, wreless

t r anscei viderfacgndhe locgtion prnsete Bidictsy prseciver, and &tﬁégnd:%mom yoigpitesfasenn a
common WI ) ased on
802 11 or gl??ﬁer?tg%h%r@o Cor{] wﬁa‘?g s@st%%lﬁ%%c%ca%%?lx%f 91% 43 Sgscﬁg%{ %} 5 gﬁ be a

moni t or bhet olnssoeslsejﬂhelaﬂhryprbﬁbenltsl Tat rdmote hemﬁﬁtﬁt tf@ﬂ’ex\amplb bg/n b pati ent,
and can be carried or worn by a nedical professional. In this case the

noni t or AXEHET Beely ewepﬂallwéeml @athe HP@%%‘Q’P@H%M the paticit.ead saebf cyfigd ei n t he
user can Sghary ﬁgaeﬁicﬁpﬂléf’esélaﬁaﬁr Tﬂifﬂlso&sé ﬁreQnoﬁ{{o A sobla@ASyit] AERdapy and

al ar ns) corresp%n to a particu hi's nmonitor can al so

i ncl ude arofedsmal ﬁeatara‘sadéUI;wheﬂem titredsctr&hn pasledte(sdlspllaahnfoanatnmr(mgnvmit e

directly with the pa Still ofher enbodi nent.s ar hi n the scope of
Che Tol T sttt dodiGn Palfimtns) Srigshormi fosppoc Kt eu TR It o8 Fi5 o

| east ong,daesi WiQGh&acPIPME i@l pRfRhAMan cSmBlARA e HREAY WiihnEe a first
sensor conprising: a first radiati on source configured to enit opti cal

radi ati opatnta first wavel ength; a second radi ation source configured to
emt optical

Still other embodiments are within the scope of the following claims.
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radi ati on at a second wavel ength; a photodetector configured to detect
radiation emtted by the first radiation source after it passes through a
porti on oVothw/stsent to generate a first signal, and ratitstéon3®ndtted by
the second radi ation source after it passes through a portion of the
patient Mhagéndeimedis second signal; and a finger-ring housing conprising a

Tount |1 PO LNl GRIANIRES: LS oL bRl A0 AsRANA,RALaLAN maur oo and

t he photodetec por con ound a base of
the pati eampssihfunb mhlle IeaV|ng atip of the t hunb uncovered and a

processing unit_configured to be worn on the patient's wi st and connect ed
to the first 3&WHSENHCPBRETINE affat wiiagen mces@@élrsareeltgﬁ@p@pufsﬁe processi ng

uni t compyyisi %t@f'iﬁ%a%leﬁ SQEec%H?H%Moﬁ%Ex%eQSﬂ é}recﬁto??ﬁﬂQ jgnal, and a

processor configured to process irst and secon s to
det er m neaddGiogi aynatndivayelzhgtheaphotodaewdr dohﬁglﬁé‘dso gaftadwachatmbrt dneittaadt i on

signal t et e sel ected. AC si |s; and iji) .the sel ected AC signals,
or si gnafggdfafeff%@ 1afiRR P F M Tt PA Zhrﬁila%aPﬂ%waw&eoﬁa&avtéae%reﬁérty of

the pati gpl'senBl @Rfradftiof eNEidios), tthrsecg‘ﬁH 4R NNGyARR aﬁ%ﬂﬂ%&s@@&%@ on val ue
froma patient, conprising the follow ng steps: (a) neasuring a rst

time- depemﬂentof shegratienttty gdedratetai sngondemgrat iapd agmiget-Bog bgusand ¢omptrisiregc at i on
source after t hr ough a n of , t atien measuring a
second ¢ risngEhRRER e FoRaH S R ARl e ar B PEi B ipb ey 2 second
radi at i oBh&RHEER0R HeAhoutingPDERSH doRFiQWED tAwRGS Arb@iH Hbask RE tHeakiemts (C)
measuring a tine-dependent notion signal with at | east one notion sensor;

(d) neast 1Hﬁ©WhﬂQkﬂﬁmééﬁenﬁéhtm@ﬁé@ﬂﬁpﬁ%@i@h@nal with an electrical sensor
conprising at Ill) ?c%%snll V\QIPF J:oqﬁ’lrgqlpe%qé be gx}:f%n B A& epsa 16&95 \Rfﬂg’[ aﬁld ggm%??e)%qg A

el ectrical signa erm e at one rererence processi ng

the tinefidependentrecaid bo fizitgnalsedond dphalsnihe @raxesiid @it cfdhh}ﬁtsﬁdor #vent that
affects at | east one of the first and second tine-dependent signals;(Q)
processi APtigBeENsEhecHigued tgdgtesermrtion pigaal gupsenerantss e oRERYeH fOm t he

refer encg Qésn}) tﬁ‘@ﬂrs‘?Hll_icﬂeggncp%&ﬁﬁ?tor%ttérﬁpné’ gg%ﬁ@‘llseﬁ?&tlez{spoge%fetﬁg

ti me- dependent ‘si ; rocessi n I me-dependent signals to
deterninmgadvahméwoﬁmnxmggmlsﬂmﬂmanmdmﬂcd&dAujmgmhbdmﬁbn)demeknwdwﬂg bot h

X n rati r re val.u n risin
oxyge ngglrjlalgtorosggn%ﬂ derlvec? tchengreogls l‘Elo geterarm She p%yswlo%?&i SroE)erty OFB 1 ng-

patient’s blood.

2. A method for determining an oxygen saturation value from a patient, comprising
the following steps:

(a) measuring a first time-dependent signal by detecting radiation emitted by a first
radiation source after it passes through a portion of the patient;

(b) measuring a second time-dependent signal by detecting radiation emitted by a second
radiation source after it passes through a portion of the patient;

(c) measuring a time-dependent motion signal with at least one motion sensor;

(d) measuring a time-dependent electrical signal with an electrical sensor comprising at
least two electrodes;

(e) processing the time-dependent electrical signal to determine at least one reference
point;

(f) processing the time-dependent motion signal to determine a motion-related event that

affects at least one of the first and second time-dependent signals;

51



(a) nmeasuring at |east one optical signal with a first sensor; (b)
nmeasuring an el ectrical signal conprising a tinme-dependent marker with a
second sewean10/{483snmeasuring a notion signal wi th a notiPOm/Usees®8900¢ d)
processi ng) both the notion and optical signals fromthe tinme-dependent

mar ker t é)aplogessmghwiththeifistrangwseqond diatcedapendennagsily fraisthg refergned paisi t ti ne;
and (e) r.m.ni l 0o ssure val f apsit.tiqe, and an
oxygen sgﬁjgléttg lldg Hp&gﬁlfgeh %F%%Q{dﬁ?%iﬁ%sqe%ﬁéfnse _tfni@d%@d%r%tsﬂ%%l Sb%l{dcl aim 2,

wher ei n t(Rg ppddebtk fheltinhedepeadant kisasls b5 daessha @ vhlne of bxEredepangient notion
signal to determne a notion-related event selected fromthe patient's
posture, activity level, and degree of notion. 5. The method of claim 4,
wher ei n the ot PEROF Epraetsdmaag Poth Oxyadt fwatiofnd Hleodietiyes YalvasHer 2

conpri se a%%%o?ﬂp?ﬂsﬂ%a parameter corresponding to orientation of the
patient's torso. 6. The nmethod of claim5, wherein the paraneter

cor respondi ng(2)onausierg @tleashomsf opttivel patal emth'adfistoreswri s a vector. 7. The
met hod of claim 6, wherein the nethod further .conprises processjng signals
Cor 1 espondi ng (gHeHPRE S HECHFal AaRaL SR T SUHE LI ME G REERHIHESt RBM Ject or . 8.
The met hgghoal s&ls8f:m 7, wherein the notion sensor is an accel eroneter. 9.
The nmethod of claim7, wherein the nethod further conprises conparing the
vector to a pfeleksseing nhegtioosigdilvathea syspensser:det ermi ne an angle. 10. The
met hod of claim9, wherei he met hod furiher.c rises c aring the angle
(o a set of pidlrierSiie Rl dRolE MREanal PELL BN b B ERIREN LD on

post ur e, niapkeded @IdRIPWikthe iRt @BlerBinB AL tikRald dnd d hensiihednaf claim 2,
wherein the notion-related event is activity level, and the nmethod further
conpri ses prot@ssieAginingbloep Prtane vole fm Bedransit ime. stanXYs¢ynal to
determ ne,the Acti Vit ¥, eV iodds A System for nonitoring both blood
pressure and oxygen saturati of vl ues from a patient, conprising: a first
sensor conprising: a first radiation source configured to emt optical

radi ati od. at dhe inrestiodwe \ctdiariyy wheredn e cuiblod fudthat ¢ammprseupeessongfthgur ed t o

oMt ontLcal radiall on gl &3 aon I SR RIRLQHELG N oot gur e

patient’s posture, activity level, and degree of motion.

5. The method of claim 4, wherein the motion-related event is posture, and the
method further comprises determining a parameter corresponding to orientation of the

patient’s torso.

6. The method of claim 5, wherein the parameter corresponding to orientation of the

patient’s torso is a vector.

7. The method of claim 6, wherein the method further comprises processing signals

corresponding to three axes of a motion sensor to determine the vector.
8. The method of claim 7, wherein the motion sensor is an accelerometer.

0. The method of claim 7, wherein the method further comprises comparing the

vector to a pre-determined coordinate system to determine an angle.

10. The method of claim 9, wherein the method further comprises comparing the
angle to a set of pre-determined values, each corresponding to a different posture, to

determine the patient’s posture.
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by the first radiation source after it passes through a portion of the
patient to generate a first time-dependent signal, and radiation emtted by
t he secomloradyv@sioon source after it passes through a pectriusroiof3done
patient to generate a second tine-dependent signal; and a housing

conpri si Ag t hdhe meshodi ¢ladmco mdnereaitithginasipnsiglatedesyentnd agthatyghetl oanettbe t or |

t he housi | qur ] h 1.0 0 he. I 's fingers; a second
sensor oMM LRI AS Nl Bt hBslent LR s Tkl Eh T lcn t o

the pati deferraind theRsivtelekect ri cal signals and an electrical circuit
configured to receive and process the electrical signals to determ ne a
ti me- dependent el ectyical . sign and a processing unit configured to be

al :
worn on the pat§Yskm ©r Honitarae et hieadauetsure ang oyt salupity Valdes fim v e t he

first an?at%l@%qlptﬁis -dependent signals, and to the second sensor to
receive the tine-depéndent electrical signal, the processing unit
conpri sing a prfuogessor coopfisiggradirst mdptioc essce ¢onfigheedfto estit gptidalsecond

ti me-dependent signals to determ ne AC signals, or signals deriyed

ther of r oA BdRE o iV PRE O YGERT SAURALP O SaR LR Te SR SPUER! | east one
of the Agdsit@nak s s&didiNSeRhE! & bEGbdGedNlonfihired kQBGLE ralBhfioEGnikBEr ef rom
to determ ne the bl ood pressure value. 13. A systemfor determ ning both

oxygen say tirefiisoradiatidn brwedafaréspasses thiahgles ppisiona2f et pagiant, to gonpiriesi ng:  a
first SRR rtj’frnelgc?emceI S %%nzgloar\{&) 8 A09 gnr{ﬂ%etd%%/ tﬁg Seton rz}d?a%ogast gl %ftesr. i% hu ”p’
conprising at 1 east onesopt i'calr Sensor for  measuring an opticar si'gnal; and

a procesphdigs iddgh aGfidgoH thel phtenb e MeAtONsdcbid PRl @Péndenadighaghdeper abl y
connected to the first sensor, the processing unit conprising a notion
sensor f bpusies exepig Bthabirst ond seegrd radigtipnaruicapend hephotpdetestecdievi ng an

el et by andleARA (IRLANRE ot edBhET R0t h oxygen saturati on and
bl ood pressur varues y collective processing the optical, electrical,
and notion si gradasidkénsol benpyshe r thstaivaietachddeswbaheionfipired pr stceB$6 ng uni t
further conprises a notion sensar. 15. The system of claim 14, wherein the
mot i on _s&mﬁlévtsan&m%%rae&cmfggnﬂmd FrEeLYeH SHF Y CAERIL TeSRHEr ei n t he
processi Qfq gmc&ssfth%él@&ﬁcaﬁ%l@%ls%@ﬁet@ﬂni‘n@Blﬂitmep&’é nd efe@&i%hlvéié}gd;aanﬁam e. 17.
The system of claim 16, wherein the cable further conprises an

accel er onet er a pt@esslineusygindigued to baiwnd 3n thepatient’s ariveandadoheedied totibe

conprises. an ECGcircuit. .19. The systemof cl|aim 18, erein the ECG

Ci gui t ?%st ég}‘?‘B]f ‘iosrgﬁelbeiltthf ﬁléstsaggéﬁc&ng%1merjgiepenc?en?s1gnz:1lls, and to the secon
sensor to receive the time-dependent electrical signal, the processing unit comprising a
processor configured to process: 1) the first and second time-dependent signals to
determine AC signals, or signals derived therefrom, to determine the oxygen saturation

value; and ii) at least one of the AC signals and the electrical signal, or signals derived

therefrom, to determine the blood pressure value.

13. A system for determining both oxygen saturation and blood pressure values for a
patient, comprising:

a first sensor, configured to worn around the base of the patient’s thumb,
comprising at least one optical sensor for measuring an optical signal; and

a processing unit, configured to be worn on the patient’s arm and operably
connected to the first sensor, the processing unit comprising a motion sensor for detecting
a motion signal and an input port for receiving an electrical signal and configured to
determine both oxygen saturation and blood pressure values by collectively processing

the optical, electrical, and motion signals.
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sensor. 20. The systemof claim 19, wherein the second sensor further

conpri ses an anal ogto- digital converter. 21. The system of claim 20,
wherei n twe 20rpd82080rt is configured to receive a digit&CTaisgnalo3od®. The
system of claim 21, wherein the input port is a serial port. 23. The system
of clai ml42, hesgitemphelaimpgtwhiein theprgeesemgaimitdoither spepaisgsrigmati@AN
connunicg&kgp protocol. 24. A nethod for nonitoring a patient, conprising:
(a) nmeasuring a first time-dependent signal by detecting radiation emtted
by a first radiation source after it passes through a portion of the
patient; 16b) mMaasystérmgf alabeddnshdreimehampeod edtisorSis gnatcelyrotleteect i ng

radi ation emtted by a second radi ation source after it passes through a

portion of th atient: (c suring a tine-dependent notion signal with
at Ieastqgne EFB?%%%QR%‘%F% 1?5‘7 f‘ﬁ?%é@%%‘ioﬁ?fS{nﬁémﬁiefH’éhedéB@ﬁHé?ftan #on si gnal
to deterghAgodtcdifash cape. of the patient’'s posture and activity state; (e)
processing both the first and second tinme-dependent signals to determ ne an
oxygen saturation value for the patient; and, (f) suppressing an alarm
based onlPhe dkygestensaf et ilornvhetindhaieadla Birther ¢asepisepppagstlerdectpiat i ent ' s
posture and activity state.25. A nethod for determ ning an oxygen

saturati va | ent | Shihgs I t . st one

ont i cal argnartiesyin 3f PRl TZunGemRe SISk bR cHRAR WBCR e T
notion sensor; (c) processing the optical signal to determ ne an oxygen

sat urati af. valThe systehh optlamed8) wigertinehaBCGatiresit gnadmprized &y eliedenendat | east of
one of the patient's posture and activity state; and (e) suppressing an

al arm bas®¥d®n the oxygen saturation value due to at |east one of the
patient's posture and activity state.

20. The system of claim 19, wherein the second sensor further comprises an analog-

to-digital converter.

21. The system of claim 20, wherein the input port is configured to receive a digital
signal.
22. The system of claim 21, wherein the input port is a serial port.

23. The system of claim 22, wherein the input port is a serial port operating a CAN

communication protocol.

24. A method for monitoring a patient, comprising:

(a) measuring a first time-dependent signal by detecting radiation emitted by a first
radiation source after it passes through a portion of the patient;

(b) measuring a second time-dependent signal by detecting radiation emitted by a second
radiation source after it passes through a portion of the patient;

(c) measuring a time-dependent motion signal with at least one motion sensor;

(d) processing the time-dependent motion signal to determine at least one of the patient’s
posture and activity state;

(e) processing both the first and second time-dependent signals to determine an oxygen
saturation value for the patient; and,

(f) suppressing an alarm based on the oxygen saturation value due to at least one of the

patient’s posture and activity state.
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25. A method for determining an oxygen saturation value for a patient, comprising:
(a) measuring at least one optical signal with a first sensor;
(b) measuring a motion signal with a motion sensor;
(c) processing the optical signal to determine an oxygen saturation value;
(d) processing the motion signal to determine at least of one of the patient’s

posture and activity state; and

(e) suppressing an alarm based on the oxygen saturation value due to at least one

of the patient’s posture and activity state.
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