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Description

FIELD OF THE INVENTION

[0001] The present invention generally pertains to patient monitoring using photoplethysmographic devices to generate
blood analyte information. More particularly, the invention is directed to an efficient and effective approach for reducing
the undesired effects of motion-contaminated data in pulse oximetry devices.

BACKGROUND OF THE INVENTION

[0002] In the field of photoplethysmography light signals corresponding with two or more different centered wavelengths
may be employed to non-invasively determine various blood analyte concentrations. By way of primary example, blood
oxygen saturation (SpO2) levels of a patient’s arterial blood are monitored in pulse oximeters by measuring the absorption
of oxyhemoglobin and reduced hemoglobin using red and infrared light signals. The measured absorption data allows
for the calculation of the relative concentrations of reduced hemoglobin and oxyhemoglobin, and therefore SpO2 levels,
since reduced hemoglobin absorbs more light than oxyhemoglobin in the red band and oxyhemoglobin absorbs more
light than reduced hemoglobin in the infrared band, and since the absorption relationship of the two analytes in the red
and infrared bands is known.
[0003] To obtain absorption data, pulse oximeters comprise a probe that is releaseably attached to a patient’s ap-
pendage (e.g., finger, ear lobe or the nasal septum). The probe directs red and infrared light signals through the ap-
pendage, or tissue-under-test. The light signals are provided by one or more sources which are typically disposed in the
probe. A portion of the light signals is absorbed by the tissue-under-test and the intensity of the light transmitted through
the tissue-under-test is detected, usually by at least one detector that may be also located in the probe. The intensity of
an output signal from the detector(s) is utilized to compute SpO2 levels, most typically via a processor located in a patient
monitor interconnected to the probe.
[0004] As will be appreciated, pulse oximeters rely on the time-varying absorption of light by a tissue-under-test as it
is supplied with pulsating arterial blood. The tissue-under-test may contain a number of non-pulsatile light absorbers,
including capillary and venous blood, as well as muscle, connective tissue and bone. Consequently, detector output
signals typically contain a large non-pulsatile, or DC, component, and a relatively small pulsatile, or AC, component. It
is the small pulsatile, AC component that provides the time-varying absorption information utilized to compute arterial
Sp02 levels.
[0005] In this regard, the red and infrared signal portions of pulse oximeter detector output signals each comprise
corresponding large DC and relatively small AC components. The red and infrared signal portions have an exponential
relationship to their respective incident intensities at the detector(s). As such, the argument of the red and infrared signal
portions have a linear relationship and such portions can be filtered and processed to obtain a ratio of processed red
and infrared signal components (e.g., comprising their corresponding AC and DC components), from which the concen-
tration of oxyhemoglobin and reduced hemoglobin in the arterial blood may be determined. See, e.g., U.S. Patent No.
5,934,277. By utilizing additional light signals at different corresponding centered wavelengths it is also known that
carboxyhemoglobin and methemoglobin concentrations can be determined. See, e.g., U.S. Patent No. 5,842,979.
[0006] As noted, the pulsatile, AC component of a pulse oximeter detector output signal is relatively small compared
to the non-pulsatile DC component. Consequently, the accuracy of analyte measurements can be severely impacted
by small amounts of noise. Of particular concern here is noise that contaminates absorption data as a result of undesired
variations in the path length of light signals as they pass through the tissue-under-test. Such variations are most typically
caused by patient movement of the appendage to which a pulse oximetry probe is attached.
[0007] A number of different approaches have been utilized to reduce the deleterious effects of patient motion in pulse
oximeters. For example, pulse oximeter probes have been developed to enhance the physical interface between the
probe and tissue-under-test, including the development of various clamp type probe configurations and secure wrap-
type probe configurations. Further, numerous approaches have been developed for addressing motion contaminated
data through data processing techniques. While such processing techniques have achieved a degree of success, they
often entail extensive signal processing requirements, thereby contributing to increased device complexity and compo-
nentry costs.
[0008] US496012 discloses a pulse oximeter for determining the oxygen saturation level of a patient’s blood wherein
a heartbeat related signal is used, as a reference to guide the averaging of optical pulse waveforms. The oximeter
assigns different weighting to different optical pulses based upon the amplitude of new pulse waveforms, the degree of
motion that is detected and the degree of similarity between it and the preceding waveform. A composite, averaged
pulse waveform is then used in computing oxygen saturation level.
[0009] US6067462 discloses an apparatus to analyze two measured signals that are modeled as containing desired
and undesired portions such as noise, FM and AM modulation. A transformation is used to evaluate a ratio of the two
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measured signals in order to find appropriate coefficients. The measured signals are then fed into a signal scrubber
which uses the coefficients to remove the unwanted portions.

SUMMARY OF THE INVENTION

[0010] In view of the foregoing, a general objective of the present invention is to provide an improved method and
system for addressing motion correction in pulse oximeters. More particularly, primary objectives of the present invention
are to provide for motion correction in pulse oximeters in a manner that is effective and that reduces complexity and
component requirements relative to data processing-intensive prior art devices.
[0011] The above objectives and additional advantages are realized in the present invention as set out in the accom-
panying claims. In this regard, the present inventor has recognized that patient motion can be generally classified into
a limited number of motion ranges, or bands, for motion correction purposes. A first type of motion, which may be referred
to as "low motion", corresponds with a range of patient motions that do not have a significant effect on the absorption
data comprising a detector output signal. A second type of motion, which may be referred to as "clinical motion", corre-
sponds with patient motion that primarily affects the AC component of a detector output signal in a relatively predictable
manner across a range of motion severity. For such clinical motion, the present inventor has further recognized that a
predetermined adjustment factor may be effectively utilized to correct blood analyte measurements, thereby avoiding
complex data processing requirements.
[0012] The above-noted recognitions provide the basis for a number of improvements to pulse oximetry systems in
which a detector provides an output signal indicative of light absorption of a tissue-under-est at each of a plurality of
different centered light wavelengths (e. g. centered at red and infrared wavelengths) and which utilize the output signal
to obtain blood analyte indicator values for each of a succession of measurements (e. g.,periodic measurements corre-
sponding with partially overlapping or non-overlapping measurement data) during a patient monitoring procedure. The
inventive method/system provides for the utilization of the detector output signal to obtain a corresponding relative motion
estimate value for each measurement. For such purposes, the detector output signal may be processed to yield a different
plurality of differential absorption data sets for each measurement, wherein each data set includes a first differential
absorption value for light at the first wavelength dAλ1 (e. g., infrared light) and a corresponding-in-time second differential
absorption value for light at the second wavelength dAλ2 (e. g., infrared light). As will be appreciated, the plurality of
data sets corresponding with each given measurement are obtained over an associated time period, wherein each
successive measurement employs a different successive plurality of data sets, and wherein the data sets employed for
successive measurements may or may not partially overlap. By way of primary example, the differential absorption data
sets may be obtained via derivative or logarithmic processing of a series of data samples that correspond with a detected
infrared portion of a detector output signal and a corresponding-in-time series of data samples that correspond with a
detected red light portion of the detector output signal.
[0013] For each of the measurements the method/system provides for a determination of whether or not the corre-
sponding relative motion estimate value (RMEV) is within a first predetermined range (e. g. corresponding with a pre-
determined range of clinical motion), wherein for measurements having a corresponding RMEV within the first prede-
termined range the corresponding blood analyte indicator value (BAIV) may be adjusted in a predetermined manner.
Such adjustment may provide for the use of a predetermined adjustment factor that is determined empirically. For
measurements indicating clinical motion, the adjusted BAIVs may be utilized to obtain a more accurate measure of blood
analyte concentration (e. g. the relative concentration of oxygenated hemoglobin and reduced hemoglobin for SpO2
level determination). As will be appreciated, one or more clinical motion bands, with corresponding predetermined RMEV
ranges and adjustment factors, may be employed in accordance with the present invention.
[0014] As noted, the present inventor has recognized that for a certain range of patient motion, referred to as low
motion herein, the impact of the motion on blood analyte measurements is negligible. As such, the inventive method/
system may further provide for a determination as to whether the relative motion estimate value (RMEV) for each of the
plurality of measurements is within a second predetermined range (e. g., corresponding with low motion). For each
measurement having a corresponding RMEV within the second predetermined range, the corresponding blood analyte
indicator value may be employed without adjustment to obtain blood analyte concentration values.
[0015] The RMEV obtained with respect to each given measurement period may entail the computation of a best-fit
function for the corresponding plurality of differential absorption data sets. By way of example, the best-fit function may
be defined as the slope value of a regression line (e.g. determined via least squares or linear regression processing)
for a "plot" of the differential absorption values for light at the first wavelength dAλ1 versus the corresponding-in-time
differential absorption values for light at the second wavelength dAλ2. As may be appreciated, the best fit function
obtained with respect to each measurement period may also be utilized as the corresponding BAIV, e.g., the "best-fit
RRatio" value as taught in U.S. Patent No. 5,954,277. Alternatively, a first plurality of differential absorption data sets
may be computed for use in the computation of the RMEV; and a second plurality of differential absorption data sets
may be separately computed for use in the determination of the BAIVs as taught in a co-pending U.S. patent application
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US 6 505 060 entitled "Method And Apparatus For Determining Pulse Oximetry Differential Values".
[0016] In conjunction with the obtainment of a best fit function for each given measurement, the inventive method/
system may further provide for the performance of a statistical analysis of the corresponding plurality of a differential
absorption data sets in relation to the best fit function to obtain at least one statistical variance value indicative of a
degree of any associated motion, wherein the statistical variance value(s) may be utilized to compute the corresponding
RMEV. In primary embodiments, the statistical analysis may comprise a principal component analysis (PCA). That is,
for each measurement the plurality of differential absorption data sets (i.e., each comprising corresponding-in-time dAλ1,
and dAλ2 values) may be statistically analyzed in relation to the corresponding best fit function to obtain at least one of
a first principal component variance value (V1) and a second principal component variance value (V2). In this regard,
V1 may be computed to represent an amplitude-based statistical variance, while V2 may be computed to represent a
scatter-based statistical variance. The relative motion estimate value for a given measurement may be determined
utilizing at least one, and preferably both, of the corresponding first and second principal component variance values
V1 and/or V2.
[0017] More particularly, in one embodiment, for each given one of a plurality of measurements the inventive method/
system may provide for the calculation of a corresponding current motion estimate value (CMEV) utilizing the corre-
sponding V1 and V2 values, and the identification of a reference motion value (RMV), wherein the corresponding relative
motion estimate value (RMEV) is computed utilizing both the CMEV and RMV. In one arrangement, the CMEV for each
given measurement may be calculated as follows: 

In turn, the RMEV for each given measurement may be calculated as a ratio of the corresponding CMEV and RMV, e.g.: 

[0018] The RMV may be established on an ongoing, updated basis to be equal to the RMEV that corresponds with
the lowest amount of motion (e.g., the lowest RMEV) determined with respect to any prior measurement (e.g. preferably
corresponding low motion) for a given patient monitoring procedure (i.e., a "low motion reference"). At the outset of a
given measurement procedure and/or where there is otherwise no prior low motion reference basis for establishing an
RMV, the RMV for the given measurement may be established as follows: 

where V1, V2 and CMEV are as determined with respect to the given current measurement and K is a constant.
[0019] As indicated, for measurements having an RMEV within a first predetermined range, i.e., corresponding with
clinical motion, a predetermined adjustment factor (PAF) may be utilized to adjust the corresponding blood analyte
indicator value (BAIV) for use in blood analyte concentration computations. Such adjustment may entail the ready
application, e.g., by multiplication, of the PAF to the computed BAIV. In this regard, the PAF may be empirically set via
statistical analysis of clinical motion-affected absorption data and corresponding-in-time, non-motion-affected absorption
data obtained via testing of test subject control groups.
[0020] In one embodiment, for measurements having computed BAIVs that exceed a predetermined threshold value,
the PAF may be scaled in relation to the predetermined threshold value. For example, in applications where each BAIV
is defined by the slope value of a regression line, the PAF for a given BAIV may be scaled follows:

If A<BAIV<B, then: 
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wherein A and B are predetermined constants, and wherein no scaling occurs when : 

and wherein PAF may be set to 1 when: 

In arrangements where the BAIVs are defined by regression line slope values as noted above, the PAF may be preferably
set between about .5 and .85, and most preferably between about .6 and .75 (e.g., about .6875 in one arrangement
where A = .9455 and B = .65).
[0021] In additional aspects of the present invention, the inventive method/system may further comprise additional
features to insure appropriate motion correction where there has been a rapid, significant change in the perfusion of a
tissue-under-test. By way of example, such variations may occur as a result of the application of a tourniquet or blood
pressure cuff, or as a result of inadvertent contact with a patient "pressure point" (e.g., that cuts off arterial blood flow
to the tissue under test). To address such instances the inventive method/system may provide for the ongoing, periodic
determination of a motion probability factor (MPF), wherein if the MPF exceeds a predetermined threshold the reference
motion value (RMV) may be adjusted using the MPF.
[0022] The MPF may be computed via a statistical analysis of the plurality of differential absorption data sets corre-
sponding with each of all given one of a series of measurements in relation to a corresponding best fit function computed
therefore, wherein at least one statistical variance value may be obtained for use as an MPF value. More particular, the
MPF may be computed utilizing of V2 and/or V1 values computed with respect to each current a series of measurements
and computed with respect to one or more prior measurements. In one approach, an average V2 value is determined
in relation to each given measurement, wherein each average V2 value is calculated by averaging the sum of the V2
value for a given period and the V2 values for a predetermined number of immediately precedent measurements. Then,
an MPF for each given measurement may be computed utilizing a comparison, or ratio, between the average V2 value
computed for the current measurement and the lowest average V2 value computed with respect to any prior measurement
(e.g., current average V2 value/lowest average V2 value).
[0023] In one arrangement, the system/method may be established so that an RMV adjustment may be made when
(i) a predetermined number of successive, non-low motion measurements have occurred, and (ii) the motion probability
factor (MPF) for the current measurement period is determined to exceed a predetermined threshold. When the prede-
termined threshold is exceeded, the RMV may be adjusted as follows: 

wherein CMEV and MPF are as determined with respect to the current measurement and K is a constant.
[0024] In addition to the implementation of one or more clinical motion ranges and a low motion range, embodiments
of the present invention may also address patient motion that exceeds clinical motion and may be referred to as "severe
motion". In such embodiments, the present invention accommodates an approach wherein no blood analyte measurement
values are output to a user during "severe motion" (e.g., when measurements have corresponding RMEVs outside of
the predetermined clinical motion and low motion RMEV ranges).
[0025] Alternatively, to address severe motion embodiments may be employed which provide for the use and adjust-
ment of a previously determined blood analyte indicator value (BAIV). For example, the BAIV for the most recent non-
severe motion measurement may be adjusted by an adjustment factor for use in blood analyte concentration computa-
tions. The adjustment factor may be based upon tracking of the DC components of the detector output signal portion(s)
corresponding with the detected light at the first and/or second centered-wavelength(s) signals. That is, the adjustment
factor may be computed as the ratio between such DC component(s) measurement, and such DC components corre-
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sponding with at least a current, given severe motion measurement (i.e. a measurement obtained utilizing data obtained
during severe motion.
[0026] In this regard, in one embodiment the detector output signal may be utilized to obtain moving average values
of total tissue absorption of the AC and DC signal components corresponding with each of the first and second light
signals (MAVλ1, MAVλ2), e.g., for red and infrared signal components, wherein such moving average values are computed
for a predetermined precedent time interval in conjunction with each measurement (e.g., an average for a predetermined
number of measurements that include the current measurement and a number of prior measurements). In the event
severe motion is detected with respect to a given measurement period, e.g. when the corresponding RMEV is not within
a predetermined low motion range or any predetermined clinical motion range, the BAIV corresponding with the most
recent, non-severe motion measurement may be adjusted by a DC tracking factor (DCTF), as follows: 

wherein K is a constant; then: 

The adjusted BAIV may then be employed for enhanced blood analyte determinations for the given severe motion
measurement. As may be appreciated, this inventive aspect may be advantageously utilized in a number of arrangements,
including embodiments where no clinical motion bands are defined/employed for motion correction purposes. For ex-
ample, this feature may be separately utilized with the system/method disclosed in PCT Publication No. WO 98/04903,
PCT Application No. PCT/CH97/00282.
[0027] Additional aspects and other combinations of the present invention will be apparent to those skilled in the art
upon review of the further description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

FIG. 1 is a block diagram of one embodiment of a system for implementation of the present invention.
FIG. 2 illustrates an exemplary pulse waveform received on channel X of the FIG. 1 embodiment.
FIG. 3 illustrates an exemplary pulse waveform received on channel Y of the FIG. 1 embodiment.
FIG. 4 is plot of differential absorption data set values dAx, dAy obtained via channels X and Y of the Fig. 1 embodiment,
and corresponding with low patient motion.
FIG. 5 is a plot illustrating exemplary 45-degree bias lines for data sets affected by motion.
FIG. 6 is a plot illustrating first and second principal components in a principal component analysis (PCA) of a set
of differential absorption values.
FIG. 7 is a flow diagram of one embodiment of methodology comprising the present invention.
FIG. 8 is a flow diagram of one approach for obtaining relative motion estimate values (RMEVs) in the embodiment
of FIG. 7.
FIG. 9 is a flow diagram of one approach for correcting blood analyte indicator values (BAIVs) in the embodiment
of FIG. 7.

DETAILED DESCRIPTION

[0029] Referring to FIG. 1, a pulse oximeter system 100 according to one embodiment of the present invention is
shown. Included in the system 100 are two light emitters 102 for radiating red light signals and infrared light signals and
a photodetectors 104. By way of example, the light emitters 102 may be light emitting diodes (LEDs) or laser diodes.
[0030] The emitters 102 and photodetector(s) 104 may be incorporated into a probe 106 adapted for removable
attachment to an appendage 100 of a patient, such as a finger, earlobe, nasal septum, or other tissue, during a monitoring



EP 1 320 321 B1

7

5

10

15

20

25

30

35

40

45

50

55

procedure. In use, the probe 106 directs the light signals generated by the light emitters 102 onto one side of the
appendage 100. Photodetector(s) 104 is positioned on the opposite side of the appendage 108 to monitor the intensity
of light that is transmitted through the tissue and produce an output signal responsive thereto. As may be appreciated,
the red and infrared emitters 102 may be driven by a drive 110 within interconnected processor unit 120 so that the
output signal of detector(s) 104 is multiplexed according to a predetermined scheme (e.g., time-division multiplexed,
frequency division multiplexed, code-division multiplexed, etc.).
[0031] In turn, a demultiplexer 112 may be provided to separate the detector output signal into infrared and red signal
portions on two processing channels, e.g. channels X and Y, respectfully. Signal converters 114 may be provided in
each channel X, Y, with current-to-voltage amplifiers, analog-to-digital converters, and other componentry for digitizing
the red and infrared signal portions for processing by processor unit 120. As will be appreciated, demultiplexer 112 may
be provided in a hardware form or implemented in software downstream of converters 114 at processor unit 120.
[0032] In accordance with the described system embodiment 100, the processor unit 120 is provided for automatic
motion correction in an effective and efficient manner. For such purposes, processor unit 120 may comprise a front-end
module 136 that receives digitized AC and DC detector signal values on both channels X and Y and generates a series
of composite infrared and composite red signal values, respectively (e.g., 30 values each per sec.). Such processing
may entail the use of preset AC gain and DC gain values, preset A/D ground values, and preset light emitter drive levels
to normalize the AC and DC values. Processor unit 120 may further comprise one or more data storage buffer(s) 122
to temporarily store data sets comprising the composite red and infrared signal values received from module 136, as
well as additional values computed by computation modules of processor unit 120. In the later regard, the data stored
in buffer(s) 122 may be accessed for use by a number of preprogrammed computation modules comprising the processor
unit 120.
[0033] In particular, a blood analyte indicator value computation module 124 may access the composite infrared and
red data signal values in buffer(s) 122 to compute differential infrared and red absorption data sets (e.g., 30 sets/sec.)
from which blood analyte indicator values may be determined for each of a succession of measurements (e.g., every �
sec.) during patient monitoring. Each blood analyte indicator value (BAIV) may be defined to corresponded with a best
fit function determined for a plurality of data sets (e.g., 64 sets) utilized for a given measurement. Computed BAIVs may
be at least temporarily stored at buffer(s) 122 for use in accordance with the described embodiment.
[0034] A relative motion estimate value computation module 126 may also access the composite infrared and red
data signal values in buffer(s) 122 to compute differential absorption data sets (e.g., 30 sets sec.) from which relative
motion estimate values may be successively determined for each measurement (e.g., every � sec.) during patient
monitoring. In this regard, module 126 may utilize a plurality of differential absorption data sets (e.g., 64 sets) for a given
measurement to determine a best fit function and corresponding motion variance valves V1, V2 via a principal component
analysis (PCA). The motion variance values V1, V2 corresponding with each given measurement period provide an
indication of the degree of patient motion occurring during the period associated with data sets employed for such
measurement. Module 126 may utilize the V1 and/or V2 value(s) to compute a current motion estimate value (CMEV)
for each measurement, and to establish a reference motion value (RMV). The CMEV and RMV may be employed in
module 126 to compute a reference motion estimate value (RMEV) for each measurement. Computed RMEV and RMV
values may be at least temporarily stored at buffer(s) 122.
[0035] As indicated by FIG. 1, the blood analyte indicator values computed at module 124 and relative motion estimate
values computed at module 126 may be provided to an adjustment module 128 that may adjust, or correct, the blood
analyte indicator value (BAIV) for each given measurement when the corresponding relative motion estimate value
(RMEV) is within a first predetermined motion range corresponding with clinical motion. When the RMEV corresponding
with a given measurement period falls within a second predetermined range corresponding with low patient motion (e.g.,
non-overlapping with the first range), the BAIV for that measurement will not be adjusted by module 128. As will be
appreciated, the adjusted and unadjusted BAIVs corresponding with successive measurements may be provided to an
analyte computation module 130 for computation of blood analyte concentrations. The computed concentration levels
may be output to user, e.g., via a display 140 provided at a patient monitor. The monitor may also house the emitter
drive 110, signal converters 114, processor unit 120, and in alternate embodiments demultiplexer 112, emitters 102
and/or detector(s) 104.
[0036] Referring further to FIG. 1, processor unit 120 may also include a motion probability factor computation module
134 that may interface with module 126 and buffer(s) 122 to obtain computed RMEV and PCA variance values V1 and/or
V2. Module 134 may employ such values to compute a motion probability factor (MPF) on an ongoing updated basis
(e.g. corresponding with each measurement). In turn, the MPF may be utilized to adjust the RMV utilized in module 126
to compute the RMEVs.
[0037] Finally, the processor 120 may further include an average absorption computation module 132 which may
access the composite infrared and red values in buffer(s) 122 to compute average total infrared and red absorption
values for predetermined intervals(e.g., corresponding with a predetermined number of successive measurements), in
corresponding relation to each given measurement. As will be further described, such average absorption values may
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be utilized in certain embodiments in connection with the correction of blood analyte indicator values utilized for meas-
urements having corresponding relative motion estimate values that fall within a severe patient motion range.
[0038] As noted, modules 124 and/or 126 may access data buffer(s) 122 to obtain composite infrared and red values
from which differential absorption data sets may be computed with respect to each given measurement. For purposes
of describing such differential absorption data sets, reference is now made to FIGS. 2 and 3 which illustrate pulse
waveforms 300 and 400, corresponding with the intensity of the digitized, corresponding-in-time composite infrared and
red signal values generated at module 136 of processor unit 120 for channels X and Y, respectively. By way of example,
derivative processing of successive data samples on channel X and on channel Y may be approximated to obtain
differential absorption valves dAx and dAy, as follows: 

and 

Alternatively, the differential absorption values may be obtained by calculating differences between the logarithm values
of successive infrared and successive red composite signal values.
[0039] In one embodiment, the computation of differential absorption valves dAx, dAy at modules 124 and 126 may
be conducted separately, wherein module 126 employs processing techniques taught, in a copending U.S. Patent
Application entitled "Method and Apparatus for Determining Pulse Oximetry Differential Values", filed contemporaneous
herewith and hereby incorporated by reference. Alternatively, modules 124 and 126 may utilize the same dAx, dAy
values, with best fit functions computed for each measurement utilized both modules 124 and 126.
[0040] To further describe such best fit functions, reference is now made to FIG. 4. In FIG. 4, a plurality of differential
absorption data sets dAx, dAy that correspond with low motion are presented. That is, each data point represents a plot
of a differential absorption value dAx versus a corresponding-in-time differential absorption value dAy. A linear regression
analysis has been performed on the data set to determine a regression line 500, or best fit function, that best fits the
data sets. The slope value of line 500 represents a normalized ratio of dAx and dAy for the corresponding measurement
and may be used in a known manner to determine an Sp02 level.
[0041] As noted, module 126 of processor unit 120 computes a relative motion estimate value (RMEV) for each
measurement. Each such value may be determined utilizing a computed best fit function for the corresponding differential
absorption data sets. For purposes of further explanation, reference is now made to FIG. 5 which illustrates in plot form
an important observation of how motion may affect the data corresponding with a given measurement period. In particular,
it has been found that for motion within a clinical motion range the effects upon corresponding differential absorption
values dAx and dAy may be substantially the same. Thus a plotted data point affected by motion may be biased, e.g.,
along a 45-degree angle line. The regression line 600 shows where plotted data points should lie if no motion is present.
The lines slanted at 45-degree 604 represent how data points 602 may be displaced when the differential absorption
values dAx and dAy are affected by clinical motion.
[0042] In one embodiment, the operation of module 126 is based upon the observation described above in relation to
FIG. 5. More particularly, module 126 may utilize a best fit function, or regression line, for each given measurement to
perform a principal component analysis (PCA) of the corresponding differential absorption data sets, wherein variance
values V1 and V2 may be determined. FIG. 6 graphically illustrates the results of a PCA performed on a plurality of data
sets, having a best fit line 700, to obtain corresponding V1 and V2 values. The distribution box 702 of the data points
(not shown individually) may be described using first and second principal component vectors and derived from the
PCA. Each of the principal component vectors accounts for a different amount of variation among the data points. The
first principal component vector describes the cluster of data points disposed along a longitudinal axis 704. The second
principal component vector corresponds with an axis 706 extending perpendicular to the first axis 704. With vectors
describing variations among the set of data points relative to axes 704, 706, any number of algorithms may be used to
estimate an amount of motion associated therewith.
[0043] For example, in one approach, let x denote the dA for channel X and y denote the dA for channel Y. The
calculations may be based on a buffer of n pairs of data (xi,yi). The calculations may be based on the five following
summations:
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and 

These are then used to calculate 

and 

The regression slope may then calculated to be 

The correlation coefficient between x and y is 
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The variation of the points along the regression line is the variance V1 associated with the first principal component, and
the variation of the perpendicular distance to this line is the variance V2 associated with the second principal component.
As previously noted, these values are useful in evaluating the presence and degree of motion.
[0044] The variance V1 of the first principal component may be expressed as: 

 and the variance V2 of the second principal component may be expressed as: 

The utilization of V1 and V2 values in conjunction with various modules comprising processor 120 will be further described
below.
[0045] In this regard, FIGS. 7-9 illustrate process steps in the operation of one implementation of the present invention.
As shown in FIG. 7, a detector output current signal may be initially converted (step 202) into a digital form and composite
red and infrared values may be obtained from the converted signal. Following signal conversion, the red and infrared
detector output signal portions may be processed to obtain at least a first plurality of differential absorption data sets for
each successive measurement (step 204). A plurality of the data sets may be employed to obtain a corresponding blood
analyte indicator value (BAIV) for each measurement (step 206), e.g., a best fit function as described above. Corre-
spondingly, a plurality of data sets may be utilized to obtain a relative motion estimate value (RMEV) for each measurement
(step 208).
[0046] In one embodiment, the RMEV for each measurement may be determined according to the method steps
shown in FIG. 8. As illustrated therein, a principal component analysis (PCA) may be conducted on the data sets
corresponding with each current measurement relative to a corresponding computed best fit function to obtain variance
values V1, V2 (step 220). In turn, a current motion estimate value CMEV may be determined with respect to each current
measurement (step 222), as follows: 

As further shown in FIG. 8, a reference motion value (RMV) may also be established on an ongoing updated basis. More
particularly, the RMV may be established to be equal to the lowest RMEV for any prior measurement having an RMEV
in the low motion range (steps 224, 226). If no prior low motion measurement is available (step 224), the RMV for a
given measurement may be determined as follows (step 228): 

where V1, V2 and CMEV are determined in the manner described above for the current measurement, and K is prede-
termined constant.
[0047] Pursuant to the determination of V1 and V2 values, the illustrated process may also provide for the computation
of a motion probability factor (MPF) on an ongoing, updated basis utilizing the V2 measurement values (step 230). More
particularly, an average V2 value may be computed for each measurement by averaging the V2 value for the given
measurement together with the V2 determined with respect to predetermined number of immediately precedent meas-
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urements. In turn, the MPF at a given measurement may be determined by comparing the average V2 value for the
current measurement with the lowest average V2 value computed with respect to any prior measurement (e.g., by
computing a ratio value therebetween).
[0048] The MPF may be advantageously utilized to adjust the RMV (e.g., as determined in step 226) to address rapid
changes in the perfusion of the tissue-under-test. In the illustrated process embodiment, such adjustment may be made
in the event that the MPF exceeds a predetermined threshold after a predetermined number of successive non-low
motion measurements (step 232). In the event an adjustment to an RMV is to be made, the MPF and RMV may be
utilized together with the CMEV for the current measurement to make such adjustment (step 234). More particularly,
such adjustment may be made as follows: 

and, 

then: 

and, 

wherein A is a predetermined constant.
[0049] As illustrated in FIG. 8, the CMEVs for each of the measurements, together with the RMV (as set in Step 226,
Step 228, or as adjusted in Step 234) may be utilized to compute the RMV for each measurement (step 236). In the
illustrated embodiment, the RMV values may be determined as follows: 

wherein CMEV corresponds with the current measurement.
[0050] Returning now to FIG. 7, the illustrated process further provides for a determination of whether or not the RMEV
for each given measurement is within a predetermined low motion range (step 210). As previously described, the pre-
determined low motion range may be set so that no adjustment of the blood analyte indicator value computed at step
206 is necessary (step 212). In the event that the RMEV for a given measurement does not fall within the low motion
range, the corresponding blood analyte indicator may be corrected (step 214). For such purposes, reference will now
be made to FIG. 9, which illustrates one embodiment for correction.
[0051] In particular, and as shown in FIG. 9, an initial determination may be made as to whether the relative motion
estimate value (RMEV) for a given measurement is within a predetermined clinical motion range (step 240). In the event
clinical motion is identified, the corresponding blood analyte indicator value (BAIV) may be adjusted in a predetermined
manner. In one embodiment a best fit function, or slope value, computed for the given measurement may be simply
adjusted by a predetermined factor to obtain an adjusted BAIV (step 242). By way of example, in one embodiment if a
given BAIV is greater than a predetermined constant B the BAIV may be multiplied by a predetermined adjustment factor
(PAF) to obtain the adjusted BAIV. On the other hand, if the BAIV is less than the predetermined constant B yet greater
than a predetermined constant A, the PAF may be scaled as follows: 
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In the event that the BAIV for a given measurement is less than the predetermined value A no adjustment of the BAIV
is conducted.
[0052] In the event that a given relative motion estimate value (RMEV) is not within the second predetermined range,
a number of options are possible. In one embodiment, a corrected blood analyte indicator may be obtained utilizing a
BAIV for a prior low motion measurement (step 244), as adjusted by DC tracking component (step 244). More particularly,
the BAIV computed for the most recent non-severe motion measurement preceding a given severe motion period may
be utilized in the computation of a BAIV. In particular, the pre-severe motion measurement BAIV may be multiplied by
a DC tracking factor (DCTF) to obtain a BAIV for the severe motion measurement. The DCTF may be computed as follows:

Wherein MAVλ1, MAVλ2 values are average total absorption values for the infrared and red portions of the detector
output signal, respectively, as computed for the pre-severe motion measurement and for the current severe motion
measurement, and K is a predetermined constant. To compute MAVλ1 MAVλ2 the light absorption values (i.e., DC plus
AC components) for the infrared and red portions, respectively, of the detector output signal may be averaged for a
predetermined number of successive measurements.
[0053] Returning now to FIG. 7, the illustrated embodiment finally provides for the use of blood analyte indicators for
each of the measurement periods, as either adjusted or unadjusted, to compute a blood analyte concentration (step 212
and 216). By way of example, Sp02 levels may be computed in a manner as taught in U.S. Patent No. 5,934,277. In
turn, the computed Sp02 values may be output to a display 140 as previously noted (step 218).
[0054] The embodiment described above is for exemplary purposes only and is not intended to limit the scope of the
present invention. Various adaptations, modification and extensions of the described system/method will be apparent
to those skilled in the art and are intended to be within the scope of the invention as defined by the claims which follow.

Claims

1. A method for use in a pulse oximetry system which provides a detector output indicative of light absorption by a
tissue-under-test at each of a plurality of different light wavelengths, comprising:

utilizing the detector output to (i) compute blood analyte indicator values for each of a plurality of measurements
(206), and (ii) obtain a corresponding relative motion estimate value for each of said plurality of measurements
(208); and,
determining whether the corresponding relative motion estimate value for each of said plurality of measurements
is within a first predetermined range (210), wherein for at least one of said plurality of measurements having a
corresponding relative motion estimate value within the first predetermined range the corresponding blood
analyte indicator value is adjusted utilizing a predetermined adjustment factor that is empirically determined
(214), and wherein said adjusted blood analyte indicator value is employable to obtain a blood analyte concen-
tration value (216).

2. A method as recited in Claim 1, wherein said adjustment of the corresponding blood analyte indicator value (214)
includes:

multiplying the corresponding blood analyte indicator value by said predetermined adjustment factor.

3. A method as recited in Claim 1, wherein said adjustment of the corresponding blood analyte indicator value (214)
further includes:
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comparing the corresponding blood analyte indicator value to a predetermined threshold value, wherein said
predetermined adjustment factor is scaled when said blood analyte indicator value exceeds said predetermined
threshold value.

4. A method as recited in Claim 2, wherein said predetermined adjustment factor is set to a value between .5 and .85.

5. A method as recited in Claim 1, said utilizing step including:

processing said detector output to obtain a different plurality of data sets corresponding with each of said plurality
of measurements, each of said plurality of data sets comprising a first differential absorption value for light at
a first wavelength and a second differential absorption value for light at a second wavelength, wherein for each
of said plurality of measurements a corresponding best fit function is computed for the corresponding plurality
of data sets.

6. A method as cited in Claim 5, wherein for each of said plurality of measurements said utilizing step further includes:

performing a statistical analysis of the corresponding plurality of data sets in relation to the corresponding best
fit function to obtain at least one statistical variance value indicative of a relative degree of patient motion; and,
computing said corresponding relative motion estimate value using said corresponding at least one statistical
variance value.

7. A method as cited in Claim 5, wherein for each of said plurality of measurements said utilizing step further includes:

performing a principal component analysis of the corresponding plurality of data sets in relation to the corre-
sponding best fit function to obtain at least one of a first principal component variance value (V1) and a second
principal component variance value (V2); and
computing said corresponding relative motion estimate value using at least one of said corresponding first
principal component variance value V1 and said corresponding second principal component value V2.

8. A method as recited in Claim 7, wherein for each given one of said plurality of measurements said utilizing step
further includes: calculating a corresponding current motion estimate value (CMEV) using at least one of said
corresponding V1 and V2 values; establishing a reference motion value (RMV); and computing said corresponding
relative motion estimate value (RMEV) using said corresponding CMEV and said RMV.

9. A method as recited in Claim 8, wherein for each of said plurality of measurements: said CMEV is calculated as follows: 

and,
said corresponding RMEV is determined as follows: 

10. A method as recited in Claim 9, wherein for at least one of said plurality of measurements establishing step includes: 

V1, V2 and CMEV are as determined for said at least one of said plurality of measurements, and wherein K is a
constant.

11. A method as recited in Claim 8, wherein for at least one of said plurality of measurements said establishing step
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includes: setting the RMV equal to a lowest RMEV corresponding with a prior one of said plurality of measurements.

12. A method as recited in Claim 11, wherein said establishing step further includes:

computing a motion probability factor (MPF) on an ongoing, updated basis utilizing at least one of said V1 values
and said V2 values; and,
using the MPF to adjust said RMV when the MPF exceeds a predetermined threshold.

13. A method as recited in Claim 12, wherein said computing step further includes: determining an average V2 value
in relation to each given one of a series of measurements by averaging a sum of the V2 value corresponding with
the given measurement and the V2 values corresponding with a predetermined number of prior measurements
comprising said series, and, comparing the average V2 value corresponding with each given one of the series of
measurement periods with the lowest average V2 value corresponding with any precedent one of said series of
measurement periods to obtain a ratio therebetween, wherein said ratio is employable as said MPF.

14. A method as recited in Claim 13, wherein in said using step said RMV is adjusted to an adjusted RMV as follows: 

wherein CMEV and MPF are as determined in relation to a given current measurement and K is a predetermined
constant.

Patentansprüche

1. Verfahren zur Verwendung in einem Pulsoximetriesystem, das eine Detektorausgabe vorsieht, welche die Lichtab-
sorption eines zu untersuchenden Gewebes bei jeder einer Mehrzahl von verschiedenen Lichtwellenlängen anzeigt,
umfassend:

das Verwenden der Detektorausgabe, um (i) Indikatorwerte der Blutbestandteile für jede einer Mehrzahl von
Messungen (206) zu errechnen, und (ii) einen entsprechenden Schätzwert der Relativbewegung für jede der
Mehrzahl von Messungen (208) zu erhalten; und
das Bestimmen, ob der entsprechende Schätzwert der Relativbewegung für jede der Mehrzahl von Messungen
innerhalb eines ersten vorbestimmten Bereichs (210) liegt, wobei bei zumindest einer der Mehrzahl von Mes-
sungen, die einen entsprechenden Schätzwert der Relativbewegung innerhalb des ersten vorbestimmten Be-
reichs haben, der entsprechende Indikatorwert der Blutbestandteile angepasst wird, wobei ein vorbestimmter
Anpassungsfaktor, der empirisch bestimmt ist (214), verwendet wird, und wobei der angepasste Indikatorwert
der Blutbestandteile genutzt werden kann, um einen Konzentrationswert der Blutbestandteile (216) zu erhalten.

2. Verfahren nach Anspruch 1, wobei die Anpassung des entsprechenden Indikatorwerts der Blutbestandteile (214)
das Multiplizieren des entsprechenden Indikatorwerts der Blutbestandteile mit dem vorbestimmten Anpassungsfak-
tor einschließt.

3. Verfahren nach Anspruch 1, wobei die Anpassung des entsprechenden Indikatorwerts der Blutbestandteile (214)
des Weiteren das Vergleichen des entsprechenden Indikatorwerts der Blutbestandteile mit einem vorbestimmten
Schwellenwert einschließt, wobei der vorbestimmte Anpassungsfaktor skaliert wird, wenn der Indikatorwert der
Blutbestandteile den vorbestimmten Schwellenwert übersteigt.

4. Verfahren nach Anspruch 2, wobei der vorbestimmte Anpassungsfaktor auf einen Wert zwischen 0,5 und 0,85
gesetzt wird.

5. Verfahren nach Anspruch 1, wobei der Verwendungsschritt das Verarbeiten der Detektorausgabe einschließt, um
eine unterschiedliche Mehrzahl von Datensätzen zu erhalten, die jeder der Mehrzahl von Messungen entsprechen,
wobei jeder der Mehrzahl von Datensätzen einen ersten differentiellen Absorptionswert für Licht einer ersten Wel-
lenlänge und einen zweiten differentiellen Absorptionswert für Licht einer zweiten Wellenlänge umfasst, wobei für
jede der Mehrzahl von Messungen eine entsprechende Best-Fit-Funktion für die entsprechende Mehrzahl von
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Datensätzen errechnet wird.

6. Verfahren nach Anspruch 5, wobei der Verwendungsschritt für jede der Mehrzahl von Messungen des Weiteren
Folgendes einschließt:

das Durchführen einer statistischen Analyse der entsprechenden Mehrzahl von Datensätzen in Relation zur
entsprechenden Best-Fit-Funktion, um zumindest einen statistischen Varianzwert zu erhalten, der den relativen
Grad der Patientenbewegung anzeigt; und
das Errechnen des entsprechenden Schätzwerts der Relativbewegung, wobei der entsprechende zumindest
eine statistische Varianzwert verwendet wird.

7. Verfahren nach Anspruch 5, wobei der Verwendungsschritt für jede der Mehrzahl von Messungen des Weiteren
Folgendes einschließt:

das Durchführen einer Hauptkomponentenanalyse der entsprechenden Mehrzahl von Datensätzen in Relation
zur entsprechenden Best-Fit-Funktion einschließt, um zumindest einen eines ersten Hauptkomponenten-Vari-
anzwerts (V1) und eines zweiten Hauptkomponenten-Varianzwert (V2) zu erhalten; und
das Errechnen des entsprechenden Schätzwerts der Relativbewegung, wobei zumindest einer des entspre-
chenden ersten Hauptkomponenten-Varianzwerts V1 und des entsprechenden zweiten Hauptkomponenten-
Varianzwerts V2 verwendet wird.

8. Verfahren nach Anspruch 7, wobei der Verwendungsschritt für jede vorhandene der Mehrzahl von Messungen des
Weiteren Folgendes einschließt: Berechnen eines entsprechenden Schätzwerts der gegenwärtigen Bewegung
(CMEV, von engl, current motion estimate value), wobei zumindest einer der entsprechenden Werte V1 und V2
verwendet wird; Aufstellen eines Referenzbewegungswertes (RMV, von engl, reference motion value); und Errech-
nen des entsprechenden Schätzwerts der Relativbewegung (RMEV, von engl, relative motion estimate value), wobei
der entsprechende CMEV und der RMV verwendet werden.

9. Verfahren nach Anspruch 8, wobei für jede der Mehrzahl von Messungen der CMEV wie folgt berechnet wird: 

und,
der entsprechende RMEV wie folgt bestimmt wird: 

10. Verfahren nach Anspruch 9, wobei für zumindest eine der Mehrzahl von Messungen der Schritt des Aufstellens
einschließt, dass 

wobei V1, V2 und CMEV so wie für die zumindest eine der Mehrzahl von Messungen bestimmt werden, und wobei
K eine Konstante ist.

11. Verfahren nach Anspruch 8, wobei für zumindest eine der Mehrzahl von Messungen der Schritt des Aufstellens
einschließt, dass der RMV gleich einem niedrigsten RMEV gesetzt wird, der einem früheren der Mehrzahl von
Messungen entspricht.
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12. Verfahren nach Anspruch 11, wobei der Schritt des Aufstellens des Weiteren Folgendes einschließt:

Errechnen eines Bewegungswahrscheinlichkeitsfaktors (MPF, von engl. motion probability factor) auf einer
andauernden, aktualisierten Grundlage, wobei zumindest einer der Werte V1 und V2 verwendet wird; und
Verwenden des MPF zum Anpassen des RMV, wenn der MPF eine vorbestimmte Schwelle übersteigt.

13. Verfahren nach Anspruch 12, wobei der Errechnungsschritt des Weiteren Folgendes einschließt: Bestimmen eines
durchschnittlichen V2-Wertes in Relation zu jeder vorhandenen einer Serie von Messungen, indem der Durchschnitt
einer Summe des V2-Werts, welcher der vorhandenen Messung entspricht, und des V2-Werts, welcher einer vor-
bestimmten Anzahl von früheren Messungen entspricht, welche die Serie umfassen, bestimmt wird, und Vergleichen
des durchschnittlichen V2-Wertes, der jeder vorhandenen der Serie von Messungsperioden entspricht, mit dem
niedrigsten durchschnittlichen V2-Wert, der einer beliebigen vorhergehenden der Serie von Messungsperioden
entspricht, um ein Verhältnis dazwischen zu erhalten, wobei das Verhältnis als MPF genutzt werden kann.

14. Verfahren nach Anspruch 13, wobei im Verwendungsschritt der RMV an einen angepassten RMV wie folgt angepasst
wird: 

wobei CMEV und MPF in Relation zu einer vorhandenen gegenwärtigen Messung bestimmt werden und K eine
vorbestimmte Konstante ist.

Revendications

1. Procédé destiné à être utilisé dans un système d’oxymétrie de pouls qui fournit une sortie de détecteur indicative
d’absorption de lumière par un tissu objet d’un test à chacune d’une pluralité de longueurs d’onde lumineuse,
comprenant les étapes consistant à :

utiliser la sortie de détecteur pour (i) calculer des valeurs indicatrices d’analyte sanguin pour chacune d’une
pluralité de mesures (206), et (ii) obtenir une valeur d’estimation de mouvement relative correspondante pour
chacune de ladite pluralité de mesures (208) ; et,
déterminer si la valeur d’estimation de mouvement relative correspondante pour chacune de ladite pluralité de
mesures est au sein d’une première plage prédéterminée (210), dans lequel, pour au moins une de ladite
pluralité de mesures possédant une valeur d’estimation de mouvement relative correspondante au sein de la
première plage prédéterminée, la valeur indicatrice d’analyte sanguin correspondante est ajustée en utilisant
un facteur d’ajustement prédéterminé qui est déterminé empiriquement (214), et dans lequel ladite valeur
indicatrice d’analyte sanguin ajustée est utilisable pour obtenir une valeur de concentration en analyte sanguin
(216).

2. Procédé selon la revendication 1, dans lequel ledit ajustement de la valeur indicatrice d’analyte sanguin correspon-
dante (214) comprend l’étape consistant à :

multiplier la valeur indicatrice d’analyte sanguin correspondante par ledit facteur d’ajustement prédéterminé.

3. Procédé selon la revendication 1, dans lequel ledit ajustement de la valeur indicatrice d’analyte sanguin correspon-
dante (214) comprend en outre l’étape consistant à :

comparer la valeur indicatrice d’analyte sanguin correspondante à une valeur de seuil prédéterminée, dans
lequel ledit facteur d’ajustement prédéterminé est mis à l’échelle lorsque ladite valeur indicatrice d’analyte
sanguin dépasse ladite valeur de seuil prédéterminée.

4. Procédé selon la revendication 2, dans lequel ledit facteur d’ajustement prédéterminé est réglé à une valeur entre
0,5 et 0,85.

5. Procédé selon la revendication 1, ladite étape consistant à utiliser comprenant :
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traiter ladite sortie de détecteur pour obtenir une pluralité différente de jeux de données correspondant à chacune
de ladite pluralité de mesures, chacune de ladite pluralité de jeux de données comprenant une première valeur
d’absorption différentielle pour de la lumière à une première longueur d’onde et une seconde valeur d’absorption
différentielle pour de la lumière à une seconde longueur d’onde, dans lequel pour chacune de ladite pluralité
de mesures une fonction de meilleure adaptation correspondante est calculée pour la pluralité correspondante
de jeux de données.

6. Procédé selon la revendication 5, dans lequel, pour chacune de ladite pluralité de mesures, ladite étape consistant
à utiliser comprend en outre les étapes consistant à :

réaliser une analyse statistique de la pluralité correspondante de jeux de données par rapport à la fonction de
meilleure adaptation correspondante pour obtenir au moins une valeur de variance statistique indicative d’un
degré relatif de mouvement du patient ; et,
calculer ladite valeur d’estimation de mouvement relative correspondante en utilisant ladite au moins une valeur
de variance statistique correspondante.

7. Procédé selon la revendication 5, dans lequel pour chacune de ladite pluralité de mesures ladite étape consistant
à utiliser comprend en outre les étapes consistant à :

réaliser une analyse de composante principale de la pluralité correspondante de jeux de données par rapport
à la fonction de meilleure adaptation correspondante pour obtenir au moins une d’une première valeur de
variance de composante principale (V1) et une seconde valeur de variance de composante principale (V2) ; et
calculer ladite valeur d’estimation de mouvement relative correspondante en utilisant au moins une de ladite
première valeur de variance de composante principale correspondante V1 et ladite seconde valeur de variance
de composante principale correspondante V2.

8. Procédé selon la revendication 7, dans lequel, pour chaque mesure donnée de ladite pluralité de mesures, ladite
étape consistant à utiliser comprend en outre les étapes consistant à : calculer une valeur d’estimation de mouvement
actuelle correspondante (CMEV) en utilisant au moins une desdites valeurs V1 et V2 correspondantes ; établir une
valeur de mouvement de référence (RMV) ; et calculer ladite valeur d’estimation de mouvement relative (RMEV)
correspondante en utilisant ladite CMEV correspondante et ladite RMV.

9. Procédé selon la revendication 8, dans lequel pour chacune de ladite pluralité de mesures :

ladite CMEV est calculée comme suit : 

et,
ladite correspondante RMEV est déterminée comme suit : 

10. Procédé selon la revendication 9, dans lequel, pour au moins une de ladite pluralité de mesures, l’étape consistant
à établir comprend l’étape consistant à : 

V1, V2 et CMEV sont telles qu’elles sont déterminées pour ladite au moins une de ladite pluralité de mesures, et
dans lequel K est une constante.
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11. Procédé selon la revendication 8, dans lequel, pour au moins une de ladite pluralité de mesures, ladite étape
consistant à établir comprend l’étape consistant à : régler la RMV pour être égale à une RMEV la plus faible cor-
respondant à une mesure antérieure de ladite pluralité de mesures.

12. Procédé selon la revendication 11, dans lequel ladite étape consistant à établir comprend en outre les étapes
consistant à :

calculer un facteur de probabilité de mouvement (MPF) sur une base actualisée en cours en utilisant au moins
une desdites valeurs V1 et desdites valeurs V2 ; et,
utiliser le MPF pour ajuster ladite RMV lorsque le MPF dépasse un seuil prédéterminé.

13. Procédé selon la revendication 12, dans lequel ladite étape consistant à calculer comprend en outre les étapes
consistant à : déterminer une valeur V2 moyenne par rapport à chaque mesure donnée d’une série de mesures en
réalisant une moyenne d’une somme de la valeur V2 correspondant à la mesure donnée et des valeurs V2 corres-
pondant à un nombre prédéterminé de mesures antérieures comprenant ladite série, et, comparer la valeur V2
moyenne correspondant à chaque période de mesure donnée de la série de périodes de mesure à la valeur V2
moyenne la plus faible correspondant à une quelconque période de mesure précédente de ladite série de périodes
de mesure pour obtenir un rapport entre celles-ci, dans lequel ledit rapport est utilisable en tant que MPF.

14. Procédé selon la revendication 13, dans lequel, dans ladite étape consistant à utiliser, ladite RMV est ajustée à une
RMV ajustée comme suit : 

dans lequel CMEV et MPF sont tels qu’ils sont déterminés par rapport à une mesure actuelle donnée et K est une
constante prédéterminée.
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