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lish a plurality of RK values versus cuff pressure points, some of which
are true points and others The invention concerns a method and an
of which are artifact points. These points are apparatus for identifying
and removing artifacts  stored in the computer memory. Certain RK from
Korotov sound signals.                  5    values outside normal ranges
are eliminated as Numerous means for obtaining blood pressure     probably
resulting from artifacts. Remaining RK values are grouped in separate
groups using a measurements are known including both invasive and
noninvasive systems. For instance a noninva-  chaining operation which
involves estimating sive system is disclosed in an article by Weaver et
from one point at a high cuff pressure, and RK al, entitled "A Study of
Noninvasive Blood   10   value, [err] at a next lower cuff pressure at
which Pressure Measurement Technics", presented at a    there is a point.
If the difference between the RK conference held at Stanford University in
Sep-    value at said lower cuff pressure and estimated tember 1978. This
known system  uses an           interval value, [err] is within a selected
range, the algorithm   for  processing  cuff  pressure       actual value
is added to the group. Now, using the measurements and associated R-wave
peak   15   newly added point, an estimated RK value for the detector and
Korotkov sound detector output       next lower cuff pressure at which
there is another signals for detecting artifact information in the  point,
is calculated and the difference between output from the Korotkov sound
detector and       the estimated value [err] and actual RK value is
eliminating said artifacts from the blood pressure  determined. Again, the
point is added to the measurements.                               20
group of points if the difference is within a Although the known system has
been approved     predetermined range of RK values. If the differ-
successfully the present invention involves an    ence is outside the
range, the point is not added improved Korotkov sound processing system.
to the group of points, and the RK value also An object of this invention
is the provision of an  called "RK interval" in the following description
at improved method of identifying false signals in   25   the next lower
cuff pressure containing a point is the output from  a Korotkov sound
detector        checked. After the point at the lowest cuff employed in
apparatus for the measurement of      pressure has been checked, the
process is blood pressure and/or systolic slope of blood     repeated
starting at the highest ungrouped point. pressure waves in an artery of a
subject.         When all of the points have been grouped, the An object of
this invention is the provision of an   30   group with the greatest number
of RK values vs automatic computer-implemented technique for      cuff
pressure points therein is selected as the identifying and eliminating
false outputs from a  group which includes the greatest number of Korotkov
sound detector included in a blood       valid, or true, RK values versus
cuff pressure pressure measuring system, or the like, which     points. A
straight line using minimum mean- technique is well adapted for use during
stress   35   square fitting techniques is fitted to these points testing,
or in an operating room and intensive    and, with further processing, some
additional care units of hospitals where ECG signals        artifact points
may be deleted from the group. normally are available.
With artifact points deleted, the cuff pressure at The above and other
objects and advantages of   the maximum and minimum RK interval points this
invention are achieved by means of the   40   provides a measure of the
subject's systolic and method and apparatus as claimed in claims 1 and
diastolic blood pressures, respectively. Using the 9, respectively. The
system includes an inflatable  techniques of this invention, accurate blood
cuff which is inflatable to a pressure above sys-  pressure measurements
may be obtained with tolic pressure and deflatable to a pressure below
ambulatory subjects in a noisy environment. diastolic pressure. A pressure
transducer con-   45 nected to the inflatable cuff generates a signal
Brief description of the drawings which is a function of cuff pressure. A
micro-     The invention will be better understood from phone picks up
Korotkov sounds, and artifacts,    the following description when
considered with during deflation of the cuff, and electrodes     the
accompanying drawings. In the drawings: attached to the subject pick up
electrocardiog-   50  Fig. 1 shows peak R-wave detector, K-sound raphic
signals. The peak of the ECG R-wave is     detector, and cuff pressure
transducer output detected by R-wave peak detection techniques.
measurements obtained from a subject, plotted Many, but not all artifacts,
are removed from the  against time; microphone output by use of K-sound
detection     Fig. 2 is a plot of RK values versus cuff pressure
techniques.                                  with no artifacts present; The
pressure transducer output is converted to     Fig. 3 is a plot of RK
values versus cuff pressure digital form for transfer to a digital computer
and  which is similar to that of Fig. 2 but which results storage in the
computer memory. The time of      when artifacts are included in the output
from the arrival of the peak R-wave signals and associated  K-sound
detector  used  in  making  the K-sound and artifact signals also is stored
in the   60   measurements; computer  memory. RK intervals or RK values
Fig. 4 is a simplified block diagram of a system comprising the time
interval between the time of  which may be employed in the practice of this
arrival of an R-wave signal and the associated K-  invention for
identifying and deleting K-sound sound or artifact signal are determined
which,    artifacts from the output of K-sound detector together with the
associated cuff pressure, estab-   65    means;  
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together, show a flow chart for    RK intervals for artifacts are
identified by the use in explaining operation of this invention;
reference characters RK3A, RK7A, RK9A, RK14A1 Fig. 6 is a plot of RK values
versus cuff pressure  and RK14A2. showing points thereof joined in separate
groups;     Reference now is made to Fig. 2 of the drawings Fig. 7 is a
flow chart showing details of a    5    wherein a plot of RK interval
measurements as a chaining operation included in steps of the flow
function of cuff pressure is shown. In Fig. 2, the chart of Figs. 5A and
5B, and                       plot includes RK interval measurements
obtained Fig. 8 Is a plot of RK values versus cuff pressure  using true
K-sounds only, and not artifacts. Such for use in explaining the chaining
operation        RK interval versus cuff pressure points are iden- depicted
in Fig. 7.                           10   tified as "true" points herein to
distinguish the As is understood, electrocardiographic signals     same
from "artifact" points obtained using K- picked up by electrodes attached
to a subject's     sound detector outputs which are artifacts. For body
include a large R-wave component which is      the artifact-free plot shown
in Fig. 2, a straight line relatively easily detected. In Fig. 1,
successive   20 with a positive slope can be fitted through the outputs
from a peak R-wave detector included in   is   series of points using
minimum mean-squared the present system are identified by reference
fitting techniques. The slope, ARK interval/A characters [err]. At any
given level of    pressure, of the line 20, is inversely proportional
physical activity substantially periodic peak R-    to the systolic slope
of the blood pressure wave of wave signals are produced bythe subject, and,
for   the subject and, therefor, provides a measure of implicilty,
periodically occuring R-wave signals   20   the systolic slope of the blood
pressure wave. The are shown In Fig. 1. An inflatable cuff attached to
systolic slope of the blood pressure wave, and the upper arm of the subject
is inflated and slowly  hence the slope of line 20, varies in accordance
deflated as shown by the plot of cuff pressure      with exercise, with the
systolic slope generally versus time included ip Fig. 1. The cuff is
inflated  slowly increasing with increasing exercise. At to a pressure, P.
above systolic pressure, then is   25   rest, before exercise, a slope of
approximately 1 deflated through a pressure range at which Korot-   (one)
for line 20 is typical. In the operation of this kov sounds are produced. A
microphone at the        invention a "control slope" [err] is computed
using inflatable cuff senses Korotkov sounds during       an estimated
slope of, say, 1 for the line 20 while deflation of the cuff. The
microphone output is     the  subject is  at  rest, before  exercise.
coupled to a Korotkov sound detector, the output   30   Measurements of
slope are described in detail from which includes true K-sounds identified
by     below. Also, the maximum and minimum cuff reference characters KS
through K20. In Fig. 1 the  pressures at which true Korotkov sounds are
numerical suffixes 1 through 20 for the R-wave      obtained provide a
measure of the systolic and detector output identify the successive
heartbeat   diastolic blood pressures, respectively, as seen in periods,
with corresponding suffixes being used    35   Fig. 2. for the K-sound
detector and pressure transducer      For an ambulatory subject, or one
undergoing outputs K and P. respectively.                      stress
exercise, the K-sound detector output In Fig. 1, the Korotkov sound
detector output is  includes numerous artifacts. In Fig. 3, to which
depicted on two lines, the upper one of which       reference now is made,
a plot of RK interval includes only artifact-free K-sounds, and the    40
measurements as a function of cuff pressure is lower one of which includes
only artifacts. The     shown which includes not only true points but
letter suffix A identifies those K sound detector   also includes artifact
points. A straight line 22 is outputs which are artifacts, and, where more
than   shown fitted to the- points using minimum means- one artifact output
is produced during a given      squared fitting techniques. Although the
slope of heartbeat period, a subsequent numerical suffix is   45   the line
22 may approximate that of a curve fitted included to separately identify
the same. Thus, in  to only true points, artifact points must be sub- Fig.
1, for heartbeat period 14, two K-sound        stantially eliminated from
the plot if a relatively artifact signals K14A1 and K14A2 are shown. For
true measure of systolic slope and/or of systolic heart beat periods 3, 7
and 9, only one artifact per  or diastolic blood pressure is to be obtained
from beat is shown, which are identified by reference   50   the detected
R-waves and K-sounds and asso- characters K3A, K7A and K9A, respectively.
In       ciated cuff pressure measurements. An algorithm signal processing
for the removal of artifacts from  using cuff pressure measurements and
times of true K-sounds, use is made of the time interval     occurrence of
R-wave and K-sound outputs for between the occurrence of the R-wave and the
identifying artifacts in order that they may be subsequent occurrence of
the associated K-sound    55   deleted from the K-sound output is described
detector output. Such RK intervals are identified   below. First, however,
a simplified showing of a by reference characters RK together with a num-
system which may be used for implementing erical suffix for the associated
heart beat periods.  such an algorithm will be described,  which Where the
K-sound detector output comprises an       system includes means for
obtaining  necessary artifact, an additional suffix A is included, and if
6o    measurments of cuff pressure  along  with more than one artifact per
heart beat period is     measurements of the time of arrival of R-waves
produced, a subsequent numerical suffix disting-    and K-sounds. uishes
between the same. Thus, in Fig. 1, RK          Reference now is made to
Fig. 4 wherein a intervals for true Korotkov sounds are identified   system
which is suitable for use in the practice of by reference characters RK8
through RK20 while   65   this invention is shown comprising an inflatable 
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encircling a subject's limb, such as    at the interrupt inputs to the
computer provides a upper arm, and a pressure source 32 connected to
measure of the RK and/or RKA interval, which the cuff through a pressure
controller 34. Cuff    interval value is temporarily stored in the com-
pressure is sensed by a pressure transducer 36,     puter memory 44A for
use with other such true the analog output from  which is connected    5
and artifact K-sound interval values obtained at through an amplifier 38 to
the input of an analog   different cuff pressures. A clock 44B is included
in to digital converter 40 for conversion to digital  the system for use in
making the above-described signal form. The digitized cuff pressure signal
is  time interval measurements. connected through a digital multiplexer 42
to a      Another address input for the multiplexer 42 is computer 44 which
includes memory 44A where   10   obtained from the computer 44 through a
control cuff pressure signals obtained during a cuff defla-  unit 70. Under
control of unit 70, the multiplexer tion temporarily are stored for use in
computing    42 is switched for connection of cuff pressure systolic and
diastolic blood pressure and/or the    signals from the A/D converter 40 to
the computer systolic slope of the blood pressure waves during   44. Also,
multiplexer address information is sup- said cuff deflation.
15   plied to the computer 44 through the control unit With the cuff
attached to the upper arm of the    70 for use by the computer in
controlling oper- subject, the cuff is inflated to a pressure above   ation
of the multiplexer. A keyboard 72 may be systolic pressure. Then, as the
cuff pressure is   included for manual supply of information to the
decreased, the first korotkov sound appears at the  computer, such as the
name of the subject being systolic pressure, and the last at the diastolic
20   tested, etc. Data display and recording unit 74 pressure. A microphone
46 picks up the Korotkov     may be used to display and/or record
information sound (K-sound) at a plurality of cuff pressures    output from
the computer, such as systolic slope, between systolic and diastolic
pressures. The       systolic and diastolic blood pressure, or the like.
microphone also picks up noise; the amount of         The computer 44
implements a novel process noise produced depending upon the physical   25
for identifying, and eliminating, artifacts included activity of the
subject. The microphone output      with true K-sound signals in order that
accurate signal is amplified by amplifier 48, and the ampli-  blood
pressure and/or systolic slope measure- fier output is supplied both to a
signal converter  ments may be obtained using only true K-sounds. 50 and to
a K-sound detector 52. The converter 50   The process, in general, will be
best under- simply may include a one-shot for generation of a    30   stood
with reference to the flow chart of Figs. 5A pulse output in response to an
amplified output     and 5B. It will here be noted that one or signal from
amplifier 48, which pulse output is     more programming steps may be
involved in the connected to the multiplexer 42. The K-sound        actual
implementation of the indicated operation. detector 52 distinguishes
between true K-sounds     Since the programming of such steps for the and
some artifacts, and produces an output in   35   indicated operations is
well within the skill of the response to true K-sounds and artifacts which
are   average programmer, a complete program listing not eliminated by the
detector. The K-sound         is not required and is not included herein.
detector output is connected to an address input      With the cuff 30 and
transducers 36 and 60 of the multiplexer 42. In the presence of an output
properly secured to the subject, the test is started from the K-sound
detector, the output from con-   40   as indicated by START step 100, at
which time verter 50 is connected through the multiplexer 42   system power
is turned on or a reset operation is to an interrupt input of the computer
44 to         performed, by means not shown. Initialization produce a
K-sound, or artifact, timing signal       step 102 includes initial
settings of counters, which, together with an associated R-wave timing
registers and the like, in the computer 44. A signal, provides a measure of
the RK interval.  45   control slope [err] is used by the algorithm for ECG
electrodes 60 attached to the subject's      identifying, and discarding,
artifacts. For the first body pick up ECG signals which are amplified by
activity, R-peak, K-sound and cuff pressure amplifier 62 and then supplied
to a converter 64    measurements are obtained while the subject is and to
an R-peak detector 66. As with the con-      at rest. Measurements obtained
during this rest- verter 50, the converter 64 also may include a    50
ing activity are used for computing an initial one-shot for generation of a
pulse output in        control slope [err]. As noted above, the K-sound
response to the R-wave component of the             detector output is
relatively free of artifacts while amplified ECG signal. The pulse output
from the     the subject is at rest, thereby ensuring that a converter 64
is connected to the multiplexer 42 for  relatively accurate value of
control slope [err] is connection as an interrupt input to the computer
55   computed. 44. The R-peak detector detects the R-wave of the    With
the subject at rest, before exercise, cuff ECG signal while discriminating
against noise and   inflation step 108 is entered wherein the cuff 30 is
other ECG signal components, such as the P and T    inflated under control
of the computer to a wave components. The R-peak detector output is
pressure above systolic blood pressure through supplied as an address input
to the multiplexer 42   60   operation of the cuff pressure controller 34
to for connection of the output from the converter 64  occlude blood flow
in the brachial artery. Next, at to an interrupt input of the computer 44
when an    step 110, the cuff pressure is reduced to a R wave is detected.
The difference in time          pressure at which true Korotkov, or
artifact, 



between the arrival of an R wave input and          sounds are first
detected which, for true Korotkov associated true and/or artifact K-sound
signal(s)   65   sounds, is the systolic blood pressure. At this 4    7
0 150 176                       8 point, the cuff pressure is entered into
the corn-    At decision step 130, the total number of RK puter memory 44A
through use of the transducer       intervals remaining following steps 124
through 36, amplifier 38, A/D converter 40 and digital       128 is
checked. If the number is less than, D, the RK multiplexer 42, as indicated
by step 112.           intervals for the deflation are not processed, and
Next, at step 114, and R-peak wave is detected    5    operation returns to
step 108 for the start of and its time of arrival is entered into the
computer  another cycle of operation. With 4 mmHg (530 Pa) memory. The time
of arrival of an associated        steps during cuff deflation, a plurality
of true K- Korotkov sound also is entered into the computer    sounds
normally are produced. For this test, a memory, as is the time of arrival
of artifacts, if any,  value of D in the range of between 4 and 10 in the
K-sound detector output. As seen in Fig. 1    10   typically is employed.
It will be apparentthat steps and described above, for any given R-peak
wave,      124 through 128 may be performed in any desired the time of
arrival of the true K-sound and that of  order. one or more artifacts may
be stored.                  If a sufficient number of RK interval points At
step 116 the RK interval is calculated, and the  remain after step 130,
another decision step 132 is RK interval value, or values, are stored (step
118)   15   entered at which a determination is made whether with the
associated cuff pressure. The cuff        or not a control cycle is being
processed. As noted pressure, at step 120, is then reduced an incremen-
above, once a control slope [err] has been deter- tal amount of, say, 4
mmHg (530 Pa). The decision   mined, such a control slope, or some function
step 122 next is performed to determine whether     thereof, may be used in
subsequent chaining or not cuff pressure remains above diastolic   20
operations. Chaining involves grouping together pressure. If the decision
is affirmative, step 112 is  RK interval points, in a manner described
below, to again entered, whereupon the new reduced cuff       eliminate
those points which fail to fit the group pressure value is stored, together
with new asso-   which includes the most points. If a control slope ciated
RK interval values.                          has been determined during a
prior cycle, or When the cuff pressure is reduced below dias-   25
cycles, of operation, such control slope is used in tolic pressure,
decision step 122 is negative, and  the chaining operation which follows,
as indicated step 124 is entered and the process of eliminating  at step
134. If no such control slope has been artifacts from the K-sound detector
output begins.  established, an estimated slope is used for the At step
124, RK intervals calculated at step 116 are  chaining operation, as
indicated at step 136. In Fig. checked for the presence of an interval
which is   30   6, a plot of RK interval versus cuff pressure is more than
a predetermined number, A, of heart-      shown wherein three groups, or
chains, of RK beats from an adjacent RK interval. Any RK interval  interval
points have been established using the which is more than, say, 3
heartbeats from an       chaining process, the groups being identified by
adjacent interval is deleted from the list of RK    reference characters C1
through C3. Details intervals stored at step 118. In Fig. 1, RK interval
35   involved in the chaining steps 134 and 136 are RK3A (occurring at
heartbeat period 3) is more      included in the flow chart of Fig. 7,
described than three heartbeats from the nearest RK interval   below
following the cornpletion of the description (here, RK7A at heartbeat
period R7) and, in accord-  of the flow chart of Figs. 5A and 5B. ance with
step 124 is deleted from the store of RK    The chain which includes the
greatest number of intervals obtained during the illustrated cuff defla-
40   RK interval points established at step 134, or at tion. Generally,
such isolated RK intervals result  step 136, is selected for the next step
138 where a from artifacts and should not be included in        straight
line is fitted to the chain using a minimum subsequent computations.
mean-squared algorithm. In Fig. 6, straight line 140 For any subject under
any exercise condition, RK  is shown fitted to chain C2 in accordance with
step intervals are practically never less than 100 ms and    45   138 of
the flow chart. At step 142, the distance of rarely are greater than 400
ms. At step 126, the    the RK interval points in the chain from the
straight store of RK intervals is checked and those intervals  line 140 is
determined, and all points more than a equal to or less than B, say, 100 ms
or equal to or  specified distance therefrom are deleted from the greater
than C, say, 400 ms, are deleted from the   chain. For example, RK interval
points more than, list. Minimum values employed in this test may    50
say, 20 ms from the line 140 may be deleted. In Fig. range, for example,
from 25 to 150 ms, and          6, RK interval point identified by
reference charac- maximum values from 350 to 600 ms.                   ter
144 is eliminated by operation of step 142. Under certain conditions during
a cuff deflation,   At step 146, a check of RK interval points the cuff
pressure may rise, due, for example, to    adjacent the diastolic end of
the chain is made to physical pressureexerted thereon during exercise.   55
determine whether or not the RK interval of the At step 128, the cuff
pressure is checked for any   end point Is less than that of fts
neighboring point. rise therein which may have occured during a cuff   An
end point (such as point 145 shown in Fig. 6) deflation. If there has been
a pressure rise during a  having an RK interval greaterthan the neighboring
heartbeat period, only the first-occuring RK inter-  point is deleted from
the chain. When an end point val is accepted, and any subsequent RK
intervals   60   is deleted, the above test is repeated until an end which
may occur during the period are deleted. K-   point having an RK interval
which is less than the 



sound detector outputs which occur during the       neighboring point is
located. In this manner, a pressure increase often are produced by sounds
point in the chain adjacent diastolic pressure at generated by such
increase and are assumed to be    which there is an upward deflection of
the chain is artifacts.                                    65   selected as
an end point. 5    9                   0 150 176                      10
Next, at step 148, another check of points       without storing, or
grouping the point. For the adjacent the diastolic end of the chain is made
for  plot of Fig. 8, point [err] is outside the range any point or group
of, say, two points which is    whereby point [err] is not stored with the
more than E heartbeats from an adjacent point,      group 1 points. where E
is, say, 3. Such point, or group of points,    5   At step 184, a check for
additional points at is deleted from the chain as likely being artifacts.
lower cuff pressures is made. If it is determined At the following step
150, a straight line is fitted  that one or more such points remain, step
176 is to the remaining points of the selected chain  reentered, wherein an
estimated RK interval for using the minimum mean-squared algorithm in
the next lower cuff pressure point is rnade. In Fig. the manner of step
138. Steps 152, 154 and 156    10   8, the next lower cuff pressure point
is [err] which follow are similar to the above-described   [err], and the
estimated point is [err] steps 142, 146 and 148 respectively, except the
Again, the difference in RK value between the operations now are performed
on the chain of RK    actual and estimated points exceeds 40 ms, interval
points and straight line fitted thereto at   whereby this point also is not
included with the step 150. At step 158 another straight line is fitted
15   group 1 points. to the points which remain. The cuff pressures at
The next lower cuff pressure point [err] the shorest and longest RK
intervals included in    is checked and the [err] is determined to be the
chainare a measure of the respective diastolic  within the 40 ms range.
Now, the result of and systolic blood pressure of the subject, which
decision step 180 is negativewhereupon step 182 pressure measurements may
be displayed,   20   is entered for storage of point [err] with stored,
recorded or the like, as indicated at step  the group 1 points. 160. The
slope of the straight line fitted at step 158  In accordance with the
present invention, when is determined at step 162, which slope provides a
a new RK value vs cuff pressure point is added to measure of the systolic
slope of the blood         the group, a line with the control slope [err]
is pressure waves during the cuff deflation. This   25   projected from the
newly added point to the next value may be stored, recorded, displayed, or
the  lower cuff pressure which includes an ungrouped like, as desired. At
decision step 164, step 108 is  point. As seen in Fig. 8, a new line with
slope [err] is reentered if the rest is to be continued. If not, the  shown
projected from point [err] newly testis ended at step 166.
added to the list. This method of chaining pro- Reference now is made to
the flow chart of Fig.   30   vides for much more accurate grouping of
points 7 which includes details of the chaining operation  than is provided
in the arrangement disclosed in showm at step 134 of Fig. 6A. As noted
above,            the above mentioned article, "A Study of Nonin- chaining
involves the divding of RK interval        vasive Blood Pressure
Measurement Techniques" versus cuff pressur points obtained during a cuff
wherein the line is projected from the highest cuff deflation into groups.
At step 170, a check is made    35   pressure points to the lowest, and not
from newly for any ungrouped points. Of any remaining          added
points. points, that point at the highest cuff pressure is   In Fig. 8, it
will be seen that [err] is the stored in a flat group of points at step
172.    last point to be added to chain 1. At this point in Referring to
the RK interval versus cuff pressure    the operation, decision step 184:
is negative, plot of Fig. 8, at the beginning of the chaining    40
whereupon the group number is incremented at operation, point [err], which
is the highest     step 186, and decision step 170 is reentered. If
ungrouped cuff pressure point, is stored in'group,    more ungrouped points
exist, the chaining oper- or chain, 1 (one) of points at this step.: Next,
at  ation is repeated starting with the point at the step 174, another
check is made . for any    highest cuff pressure not yet included in a
chain, ungrouped points and, if any points remain, an    45   or group. In
Fig. 8, point [err] is selected at estimate of the RK intervalfor the next
lower cuff  step 172 for storage with points of a second pressure point is
made at step 176. In Fig. 8, the  group. After point [err] has been iden-
point at the next lower cuff pressure is point [err],  tified as a group 2
point, at step 180, and stored at [err]. An estimated RK interval [err] for
cuff pressure       step 182, no more ungrouped points at a lower [err] is
computed by projecting a line with a control   so   cuff pressure remain,
and the operation loops slope [err] from point [err] to [err]. The
back through step 186 to step 170. Now, since difference between the
estimated and actual RK          there are no remaining  ungrouped  points,
values is determined at step 178. In Fig. 8, this   decision step 170 is
negative, and step 138 (Fig. difference is identified as            5A) is
entered for fitting. of a straight line to the 55   group which includes
the greatest number of points in the manner described above. `  [err]
Step 136 involves essentially the same oper- If an artifact is preesent ,
the absolute difference  ations as above-described step 134 except that an
[err] almost always falls outside the 40 ms,  estimated slope rather than a
control slope is 



range, and at step [err],  is compared to, say,   60   used in projecting a
line from one point to a next 40 ms to determine whether or not it is
within the    lower cuff pressure which includes a point. As 40 ms range .
If it is within this range, the point  noted above, the estimated slope is
used during a ([err])is storeed in a  group with point             control
cycle during which the subject is station- [err] at step,182, and decision
step 184 is entered.  ary, and artifacts are at a minimum. The slope of If
not within range, decision step 184 is entered    65   the straight line
fitted to points at step 158 and 6    1 1                  0  150 176
12 calculated at step 162 during a control cycle is     such that one group
includes substantially only employed in step 134 on subsequent cuff defla-
true points, by excluding points whereof the tions during which the subject
is active. If desired,  differences [err] is outside a predeter- a
plurality of control cycles may be performed,      mined range, wherein
[err] is an estimated RK and the average slope obtained therefrom may be
s    value of the point on the plot at the next lower cuff used as the
control slope.                           pressure at which there is a point
and RK is the The slope of the line fitted at step 158 normally  actual
value at said point by using the projection changes during exercise. For
any given cuff defla-   of a straight line having a predetermined slope m
tion, the slope obtained during one or more           from a RK value
versus cuff pressure point in preceding cuff deflations, or some function
10   order to chain the points, and using the following thereof, may be
used in step 134 as the control    method steps: slope. The cuff deflation
cycles may be repeated       a) estimating a RK value, [err] by starting
from often enough such that the change in slope           the point at the
highest cuff pressure, for the next between cycles is minimal. Thus, the
slope           lower cuff pressure which includes a point and obtained
during one cuff deflation may provide    15   using the line of slope m, an
accurate control slope for use in a next cycle. In  b) including the point
at said lower cuff an alternative arrangement, an estimated slope
pressure in a group which includes also said point of, say, 1  may be
employed in all chaining          at the highest cuff pressure if the
difference operations, without establishment of a control       [err] is
below a given value, otherwise slope.      -
20   excluding the point at said lower cuff pressure The invention having
been described in detail      from that group and various other changes and
modifications will           c) repeating steps 3a) and 3b) until all
points are suggest themselves to those skilled in this art. For  processed,
characterized by the following method example, the novel method is not
limited to use      steps: with apparatus  illustrated in Fig. 4. Instead
of   25  d) repeating steps 3a) and 3b) using the last using R-wave and
K-sound detectors, the ECG          included point in the group for
estimating the RK signal and/or Korotkov sound waveforms may be
value for the next lower cuff pressure which digitized, and the digital
signals supplied to the   includes a point, using the straight line of the
computer for software R-wave and/or K-sound          predetermined slope m
from said last included detection, with the time of arrival of the software
30   point in the group, R-wave and/or K-sounds being stored in the
a) repeating steps 3a), 3b) and 3c) until all computer memory. Also, a
recording of the            points are included in one or other group, and
necessary inputs may be made, and the recorded         4) selecting as the
one group which includes signals played back to provide the computer
substantially only true points that group which inputs. Such recording of
signals for processing is   35    includes the greatest number of points.
particularly useful for long term  monitoring of         2. Method as
claimed in claim 1, characterized blood pressure of ambulatory subjects.
Portable      by equipment for automatic cuff inflation and defla-      5)
obtaining a measure of systolic and diastolic tion, and `K-sound, ECG   and
cuff pressure          blood   pressures from   points  adjacent the
recording  is well known. Obviously, high speed    40   respective upper
and lower ends of cuff pressures playback of the recorded signals is
possible, so      for the selecting step 4). long      as compensation is
made for any time         3. Method as claimed in claim  1 or 2, charac-
differences, if any, which may result therefrom.     terized by 6) fitting
a straight line to at least some points of Claims
45   the selected one group of substantially only true points from  step
4), the slope of said straight line 1. Method for identifying and removing
artifacts   providing a measure of the systolic slope of the from
Korotkov  sound  signals comprising  the      blood pressure waves during
cuff deflation. steps of:                                              4.
Method as claimed in one of the. preceding 1)  repeatedly  obtaining   cuff
pressure   50   claims, characterized  in that the predetermined
measurements  and arrival times of peak R-wave       slope m  is an
estimated slope. signals and  Korotkov  sound  signals including        5.
Method as claimed in claim 4, characterized artifacts through'the active
K-sound  range of a     in that an estimated slope m  of substantially 1 is
cuff pressure deflation,                             employed (wherein the
RK value is in units of ms 2) using the arrival times of the R-wave signals
55   and cuff pressure is in units of mmHg). and associted Korotkov sound
signals and                   6. Method as claimed in one of the claims
1-3, artifacts to  determine  RK  values, defined as the    characterized
in that the predetermined slope m  is 



intervals between  the  arrival times  of R-wave     established during  a
previous operating  cycle. signals,and the  associated  Korotkov  sound
7. Method  as claimed  in one of the  preceding signals and artifacts, from
which RK values a  plot   60   claims, characterized  by deleting  from
said one of RK values, versus  cuff pressure  points is       group  any
points adjacent  diastolic  pressure obtained by which  plot some  are true
points,    having  RK  values  larger than  the  smallest RK produced by
the  Korotkov  sound  signals, and      value  at  cuff pressures  less
than  said  cuff others are artifact points,
pressure at said smallest interval. 3) processing said points to group  the
same    765  8. Method  as claimed in one of the preceding 7    11
0 150  176                      12 calculated at step 162 during a control
cycle is    such that one group includes substantially only employed in
step 134 on subsequent cuff defla-      true points, by excluding points
whereof the tions during which the subject is active. If desired,
differences [err] is outside a predeter- a plurality of control cycles may
be performed,      mined range, wherein [err] is an estimated RK and the
average slope obtained therefrom may be    5    value of the point on the
plot at the next lower cuff used as the control slope.
pressure at which there is a point and RK is the The slope of the line
fitted at step 158 normally  actual value at said point by using the
projection changes during exercise. For any given cuff defla-  of a
straight line having a predetermined slope m tion, the slope obtained
during one or more         from a RK value versus cuff pressure point in
preceding cuff deflations, or some function    10   order to chain the
points, and using the following thereof, may be used in step 134 as the
control     method steps: slope. The cuff deflation cycles may be repeated
a) estimating a RK value, [err] by starting from often enough such that the
change in slope          the point at the highest cuff pressure, for the
next between cycles is minimal. Thus, the slope          lower cuff
pressure which includes a point and obtained during one cuff deflation may
provide    15   using the line of slope m, an accurate control slope for
use in a next cycle. In  b) including the point at said lower cuff an
alternative arrangement, an estimated slope      pressure in a group which
includes also said point of, say, 1 may be employed in all chaining
at the highest cuff pressure if the difference operations, without
establishment of a control      [err] is below a given value, otherwise
slope.      -                                 20   excluding the point at
said lower cuff pressure The invention having been described in detail
from that group and various other changes and modifications will
c) repeating steps 3a) and 3b) until all points are suggest themselves to
those skilled in this art. For  processed, characterized by the following
method example, the novel method is not limited to use     steps: with
apparatus illustrated in Fig. 4. Instead of   25  d) repeating steps 3a)
and 3b) using the last using R-wave and K-sound detectors, the ECG
included point in the group for estimating the RK signal and/or Korotkov
sound waveforms may be       value for the next lower cuff pressure which
digitized, and the digital signals supplied to the  includes a point, using
the straight line of the computer for software R-wave and/or K-sound
predetermined slope m from said last included detection, with the time of
arrival of the software   30   point in the group, R-wave and/or K-sounds
being stored in the            e) repeating steps 3a), 3b) and 3c) until
all computer memory. Also, a recording of the           points are included
in one or other group, and necessary inputs may be made, and the recorded
4) selecting as the one group which includes signals played back to provide
the computer         substantially only true points that group which
inputs. Such recording of signals for processing is   35   includes the
greatest number of points. particularly useful for long term monitoring of
2. Method as claimed in claim 1, characterized blood pressure of ambulatory
subjects. Portable     by equipment for automatic cuff inflation and defla-
5) obtaining a measure of systolic and diastolic tion, and K-sound, ECG
and cuff pressure           blood  pressures from  points adjacent the
recording is well known. Obviously, high speed    40   respective upper and
lower ends of cuff pressures playback of the recorded signals is possible,
so    for the selecting step 4). Ft         long as compensation is made
for any time              3. Method as claimed in claim 1 or 2, charac-
differences, if any, which may result therefrom.    terized by 6) fitting a
straight line to at least some points of Claims
45   the selected one group of substantially only true points from step 4),
the slope of said straight line 1. Method for identifying and removing
artifacts  providing a measure of the systolic slope of the from  Korotkov
sound signals comprising the         blood pressure waves during cuff
deflation. steps of:                                             4. Method
as claimed in one of the preceding 1)  repeatedly  obtaining   cuff
pressure   50   claims, characterized in that the predetermined
measurements and arrival times of peak R-wave       slope m is an estimated
slope. signals and Korotkov sound signals including          5. Method as
claimed in claim 4, characterized artifacts through the active K-sound
range of a     in that an estimated slope m of substantially 1 is cuff
pressure deflation,                            employed (wherein the RK
value is in units of ms 2) using the arrival times of the R-wave signals
55   and cuff pressure is in units of mmHg). 



and associated Korotkov sound signals and             6. Method as claimed
in one of the claims 1-3, artifacts to determine RK values, defined as the
characterized in that the predetermined slope m is intervals between the
arrival times of R-wave       established during a previous operating
cycle. signals, and the associated Korotkov sound            7. Method as
claimed in one of the preceding signals and artifacts, from which RK values
a plot   60   claims, characterized by deleting from said one of RK values
versus cuff pressure points is         group any points adjacent diastolic
pressure obtained, in which plot some are true points,       having RK
values larger than the smallest RK produced by the Korotkov sound signals,
and         value at cuff pressures less than said cuff others are artifact
points,                         pressure at said smallest interval. 3)
processing said points to group the same    65   8. Method as claimed in
one of the preceding 7    13                 0 150 176
14 claims, characterized by using minimum mean-      group of substantially
all true points, the slope squared fitting techniques, fitting a straight
line to  (m) of said straight line comprising a measure of said one group
of points, and repeating steps 3a)  the systolic slope of blood pressure
waves during through 3c) using the slope of the straight line to  cuff
deflation. obtain the estimated value [err].               6 9. System for
identifying and removing artifacts  Patentansprfche in Korotkov sound
signals, comprising: 1) obtaining means (36, 48) for repeatedly        1.
Verfahren zum Erkennen und Entfernen von obtaining cuff pressure
measurements and arrival  Artefakten aus Korotkow-Tonsignalen, umfas- times
of peak R-wave signals (R) and Korotkov    o    send folgende Schritte:
sound signals (K) including artifact sound signals  1) wiederholtes
Ableiten von Manschetten- (KA) through the active K-sound range of the
druckmessungen und Ankunftszeiten von R-Zak- deflation of a cuff (30),
kensignalen  und  Korotkow-Tonsignalen  ein- 2) detectors (52, 66) for
determining a plot of RK  schlieBlich Artefakten durch den aktiven K-Tonbe-
values versus cuff pressure points, some of which   15  reich bei sinkendem
Manschettendruck, are true points and others of which are artifact    2)
Nutzen der Ankunftszeiten der R-Zackensi- points,
gnale und zugehorigen Korotkow-Tonsignale und 3) processing means (44) for
processing said    Artefakte zur Bestimmung von RK-Werten, die points to
group the same such that one group      definiert sind als die Intervalle
zwischen den includes substantially only true points, and to   20
Ankunftszeiten von R-Zackensignalen und den exclude artifact points
including                 zugehdrigen Korotkow-Tonsignalen und Artefak- a)
estimating means responsive to one point at  ten, wobei aus diesen
RK-Werten eine Aufzeich- the highest cuff pressure for estimating an RK
nung von RK-Werten gegenuber Manschetten- value [err] for a true point at a
next lower cuff  druckpunkten erhalten wird und in dieser Auf- pressure
which includes a point,            25   zeichnung einige Punkte echte
Punkte sind, die b) combining means for including said point at  durch die
Korotkow-Tonsignale gebildet sind, und said next lower cuff pressure in a
group which    andere Artefakt-Punkte sind, includes said one point if the
difference [err]     3) Verarbeiten dieser Punkte unter Gruppierung between
the estimated RK value [err] and the RK   derselben derart, daB eine Gruppe
im wesent- value (RK) at said next lower cuff pressure is   30   lichen nur
echte Punkte umfaBt, indem Punkte below a given value, otherwise excluding
said     ausgechlossen werden, bei denen die Differenzen point from the
group, c) repeating means for repeating operations
ARK=lqK-RK performed by elements 3a) and 3b) until no ungrouped point at a
lower cuff pressure remains,   35   auBerhalb eines vorbestimmten Bereichs
liegen, d) further repeating means for repeating oper-  wobei Al ein
geschitzter RK-Wert des Punkts auf ations performed by elements 3a), 3b),
and 3c)    der Aufzeichnung beim nachstniedrigeren Man- until all points
are included in a group, points  schettendruck ist, bei dem ein Punkt
vorhanden identified by element 3d) being included in       ist und RK der
Ist-Wert an diesem Punkt ist, indem another group of points each repetition
of   40   die Projektion einer Geraden mit ainer vorbe- element 3d)
operations, wherein the estimating    stimmten Neigung mn von einem
RK-WertlMan- means and/or processing means (44) are respon-
schettendruckpunkt genutzt wird zum Verketten sive to a line of slope (m)
projected from said one  der Punkte, und wobei folgende Verfahrens- point,
schritte angewandt werden: characterized in that the repeating means   45
a) Schitzen eines RK-Werts l-k, indem von dem includes using the last-added
point to the group  Punkt beim hochsten Manschettendruck ausge- for
estimating RK values [err] and that            gangen wird, fMr den
nachstniedrigeren Man- 4) identifying means identify the group with the
schettendruck, der eaienPunkt einschlieBt, und largest number of points as
a group of sub-       Nutzen der Geraden-mit-derNeigung m, stantially all
true points.                 so      b) EinschlieBen des Punkts bei
dem-genannten 10. System as claimed in claim 9, characterized  niedrigeren
Manschettendruck in eine Gruppe, in that an estimated slope (m) is stored
in the - -    die auch den genannten Punkt beim hochsten- processing means
(44).                            Manschettendruck einschlieft, wenn die
Differenz 



11. System as claimed in claim 9,characterized  - in that the slope (m)
comprises a control slope   55             ARK=Rk-RK obtained from a prior
cycle of operation. 12. System as claimed in one of the claims     unter
einem gegebenen Wert liegt, und andern- 9-11,characterired-in that the
obtaining means    falls Ausschlie[err]en des Punkts bei dem niedrige-
(36,48)-obtain a measure of systolic and diastolic  ren Manschettendruck
von dieser Gruppe, und blood pressures from points adjacent the upper   60
c) Wiederholen der Schritte 3a) und 3b), bis and lower ends, respectively,
of cuff pressures of  saimtliche Punkte abgearbeitet sind, the group of
substantially all true points.       gekennzeichnet durch die folgenden
Verfahrens- 13. A system as claimed in one of the claims    schritte: 9-12,
characterized in that fitting means fit a     d) Wiederholen der Schritte
3a) und 3b) unter straight line to at least some of the points of the   65
Nutzung des letzten eingeschlossenen Punkts in 8    15  0 150 176
16 der Gruppe zum Schatzen des RK-Werts fur den        3) einen Rechner
(44) zum Vera nachstniedrigeren Manschettdruck, der einen       Punkte
unter Gruppierung derselben derart, daB Punkt einschlieBt, unter Nutzung
der Geraden mit  sine Gruppe im wesentlichen nur echte Punkte der
vorbestimmten Neigung m ausgehend von         einschlieBt, und AuswchluB
von Artefakt-Punkten, dem zuletzt eingeschlossenen Punkt der Gruppe,   5
umfassend: e) Wiederholen der Schritte 3a), 3b) und 3c), bis  a) eine
Schatzeinheit, die aufgrund eiries Punkts samtliche Punkte in der einen
oder anderen        beim hochsten Manschettendruck einen RK-Wert. Gruppe
eingeschlossen sind, und                   (Al) fMr einen echten Punkt bei
einem nichstnied- 4) Auswahlen derjenigen Gruppe, die die         rigeren
Manschettendruck, der einen Punkt ein-- gr6Ste Anzahl Punkte enthilt, als
die eine Gruppe,   10   schlieBt, schitzt,             .: die im
wesentlichen nur echte Punkte umfaSt.        b) sine Verknupfungseinheit,
die den Punkt bei 2. Verfahren nach Anspruch 1, gekennzeichnet    dim
nichstniedrigeren Manschettendruckjin eine durch
Gruppe einschlieSt, die den einen Punkt enthalt t 5) Ableiten sines
meBwerts fur den systoli-     wenn die Differenz (ARK) zwischen dim
gesc~iha............. schen und den diastolischen Blutdruck aus Punk-   15
ten RK-Wert (tk) und dim RK-Wert (RK) bei dim ten, die an das jeweilige
obere und untere Ende   nichstniedrigeren   Manwchettendruck   unter der
ManachettendrOcke angrenzen, fOr den Aus-     einem vorgegebenen Wer liegt,
und andernfalls wahischritt 4).                                   diesen
Punkt aus der Gruppe ausschlieBt, 3. Verfahren nach Anspruch 1 oder 2,
gekenn-      c) Wiederholungsmittel zur Wiederholung von zeichnet durch
20   durch die Elements 3a) und 3b) durchgefOhrten 6) Ansetzen einer
Geraden an wenigstens         Operationen, bis kein nichtgruppierter Punkt
bei einige Punkte der ausgewahIten einen Gruppe       einem niedrigeren
Manschettendruck ubrigbieibt, von im wesentlichen nur echten Punkten aus
d) weitere Wiederholungsmittel zur Wiederho- Schritt 4), wobei die Neigung
dieser Geraden sin  lung von durch die Element 3a), 3b) und 3c) MaB fMr den
systolischen Verlauf der Blutdruck-   25   durchgefuhrten  Operationen, bis
samtliche wellen be! sinkendem Manwchettendruck liefert.    Punkte in
einer. Gruppe eingeschlossen sind, 4. Verfahren nach einem der
vorhergehenden      wobei durch Element 3d) erkannte Punkte bei Anspruche,
dadurch gekennzeichnet, daB die vor-  jeder Wiederholung von
Element-3d)-Operatio- bestimmte Neigung m sine geschatzte Neigung    .
nen in einer weiteren Gruppe von Punkten singe- ist.
30   schlossen werden, wobei die Schatzeinheit und/ 5. Verfahren nach
Anspruch 4, dadurch gekenn-   oder der Rechner (44) auf sine von dim einen
zeichnet, daB sine geschitzte Neigung m von im    Punkt projizierte Gerade
mit einer.Neigung (m) wesentlichen Eins verwendet wird (wobei der RK-
ansprechen, Wert in ms und der Manschettendruck in mmHg         dadurch
gskennzeichnet, daB die Wiederho- 3   angegeben ist).
35   lungsmittel die Nutzung des zulstzt dir Gruppe 6. Verfahren nach einem
der Anspruche 1-3,      zugefOgten Punkts zum Schitzen von RK-Werten
dadurch gekennzeichnet, daB die varbestimmte      (RO umfassen und daB
Neigung m  wahrind sines vorhergehenden             4) sine
Erkennungseinheit die Gruppe mit der Betriebszyklus erstellt wird.
gr6oten Anzahl Punkte als eine Gruppe mit im 7. Verfahren nach einem der
vorhergehenden   40   wesentlichen nur echten Punkten erkennt. ,." ',;t
Ansproche, gikennzeichnet durch Loschen aus         10. .Einrichtung nach
Anspruch 9, dadurch der einen Gruppe aller an den diastolischenr Druck
gekennzeichnet, daB. in dim Rechner (44) sine angrenzenden Punkte, deren
RK-Werte groBer        geschltze Neigung (m) gespeichert ist. sind als'der
kleinste RK-Wert bei Manschetten-  .   11. Einrichtung nach Anspruch 9,.
dadurch drulcken, die niedriger als der Manschettendruck   45
gekennzeichnet, daB die Neigung (mi) eis n aus bei dem kleinsten Intervall
sind.                 einem fruheren Operationszyklus erhaltene. Kon- 8.
Verfahren nach einem der vorhergehenden      trollneigung umfaBt.
AnsprOche, gekennzeichnet durch Ansetzen einer      12. Einrichtung nach
sinem  der AnsprOche - Geraden an die sine Gruppe von Punkten unter
9-11, dadurch gekennzeichnet, daB die Ablei- Anwendung von minimalen
mittleren quadrati-   50  tungselement (36, 48) ein MaB fOr die systoli-
schen Ansetzmethoden, und Wiederholen der         schen und diastolischen
Blutdrucke. aus Punkten 



Schritte 3a) bis 30 unter Nutzung der Neigung der  ableiten, die an das
obere bzw. das untere Ends Geraden zurn. Erhalt des geschatzten Werts RK.
von Manschettendrucken der Gruppe von im 9. Einrichtungizum Erkennen und
Entfernen von   wesentlichen nur echten Punkten angrenzen. Artefakten in
Korotkow-Tonsignalen, umfassend:   55  13. Einrichtung nach .einem  der
Anspruche 1) Ableitelernent (36, 48) zum wiederholten     9-12, dadurch
gekennzeichnet,.daB Ansetzmittel Erhalt von Manschattendruckmessungen und
eine Gerade'an wenigstens einige der Punkte der Ankunftszeiten von
R-Zackensignalen (R) und       Gruppe von im wesentlichen nur echten
Punkten Artefakt-Tonsignale (KA) enthaltenden Korotkow-   ansetzen, wobei
die Neigung (m) der genannten. Tonsignalen (K). durch den aktiven
K-Tonbereich   60   Geraden ein MaB fur den systolischen Verlauf von. bei
sinkenpdem Druck einer Manschette (30),       Blutdruckwellen bei sinkendem
Manschetten- 2) Detektoren (52, 66), die eine Aufzeichnung   druck umfa~t.
von RK-Werten gegenuber Manschettendruck- punkten. bestimmen, von denen
einige echte .Punkte und andere Artefakt-Punkte sind,     65 4    17
0  150 176                      18 Revendications
ce que tous les points soient inclus dans un groups ou un autre, et 1.
Proc6de pour identifier et 6liminer les          4) s6lection, comme groups
ne comprenant artefacts des signaux de bruits de Korotkov corn-
pratiquement que lea points veritables, du prenant les stades suivants:
5    groups qui comprend le plus grand nombre de 1) obtention r6p6t6e de
mesures de la pression    points. de brassard et des temps d'arriv6e de
signaux        -2. Proc6d6 selon la revendication 1, caracteris6 d'ondes R
de pointe et de signaux de bruits do      par Korotkov comprenant des
artefacts parmi les           5) I'obtention d'une mesure des pressions
san- bruits K actifs d'un abaissement de la presslon    10   guines
systoliques et diastoliques a partir de de brassard,
points adjacents aux extremit6s respectives 2) utilisation des temps
d'arrivbe des signaux    sup6rieure et inf6rieure des pressions de bras-
d'ondes R de points et des signaux associ6s de      sard pour la phase de
selection 4). bruits de Korotkov et d'artefacts pour determiner     3.
Procede selon la revendication 1 ou 2, des velours RK definies comme les
intervalles   i5   caracterise par entre les temps d'arriv6e de signaux
d'onde R et      6) I'etablissement d'une ligne droite jusqu'A au les
signaux de bruits de Korotkov et d'artofacts    moins quelques points du
groups s6lectionno ne d'apres lesquels on obtient un trace de velours
contenant pratiquement quo des points vArita- RK en fonction de points de
la pression de          bles de l'op6ration 4), la pente de ladite ligne
brassard, certains de ces points du tracd btant   20   droite btablissant
une mesure de la pente systoli- des points v6ritables produits par les
signaux de   quo des ondes de pressions sanguines pendant bruits de
Korotkov tandis quo d'autres sont des     le d6gonflement du brassard.
points artefacts,                                     4. Procede selon
l'une des revendications pr6- 3) traitement desdits points par les grouper
de   cedentes, caract6ris6 en ce que la pente pr6d6- tells facon qu'un
groups ne comprenne essen-   25   terminee m est une pente estimde.
tiellement quo des points veritables en excluant      5. Proc~dd selon la
revendication 4, caracterisb les points dont les differences
on ceci qu'une pente estimoe m pratiquement de 1 est employbe (la valour RK
etant en unites de ARK=ARk-RK                           ms et la pression
de brassard en unitbs de 30    mmHg). sont en dehors d'un intervalle
predetermine, RK       6. Procdde selon l'une des revendications 1-3 dtant
une vaelour RK estimeo du point du trace A    caracterisi on ce quo la
pente preddterminde m la pression de brassard inferieure suivante a
est etablie pendant un cycle d'operations prbce- laqueile il y a un point
et RK etant la valour reolle  dent. audit point par utilisation de Ia
projection d'une    35  7. Procedb selon l'une des revendications pre-
ligne droite ayant une pente prbdeterminee m a      cedentes, caractbrise
par la suppression a partir partir d'une valeur RK de pression de brassard
dudit groups de tous points adjacents a une afin d'enchaiher les points et
par utilisation des  pression diastolique ayant des valeurs RK sup6- phases
de. mdthode suivantes:                       neures A Ia plus petite valeur
RK 3 des pressions a) estimation d'une valour RK do RK on partant   40   de
brassard moindres que ladite valeur de pres- du point A la pression de
brassard la plus elevoe   sion de brassard audit intervalle Ie plus court.
pour la pression de brassard inf6rieure suivant       8. Procedd selon
l'une des revendications pre- qui comprend un point et en utilisant la
ligne de   cedentes,  caracterise  par  l'utilisation  de pente m,
methodes des moindres carres, I'etablissement b) inclusion du point a la
dite pression de    45   d'une ligne droite jusqu'audit groups de points
brassard inferieure dans un groups qui corn-        et rdpdtition des
phases 3(a) A 3(c) utilisant la prend aussi ledit point A la pression de
brassard   pente de la ligne droite pour obtenir la valeur la plus haute si
le difference                      estimee R% 9. Systeme pour identifier et
enlever les 



ARKI&kRK                      so   artefacts dans les signaux de bruits de
Korotkov comprenant: est au-dessous d'une valeur donnbe, on excluant
1) I'obtention de moyens (36, 48) pour obtenir d'autre part le point a
ladite pression de brassard  de facon repetee des mesures de pressions de
inferieure de ce groups et                          brassard et de temps
d'arrivbe de signaux (R) c) rbpetition des phases 3a) et 3b) jusqu'A ce
55   d'ondes R de pointo et de signaux de bruits de que tous les points
soient traites, caractbrisb par  Korotkov (K) comprenant des signaux de
bruits lea phases suivaetes du proc6di                     artefacts (KA)
parmi la serie de bruits K actifs du d) repetition des phases 3a) et 3b) en
utilisant  degonflement d'un brassard (30), le dernier point inclus dans le
groups pour esti-     2) des detecteurs (52, 66) pour dbterminer un mer la
valeur RK pour la pression de brassard   oo  trace de velours RK en
fonction de points de inferieure suivante qui comprend un point et
pressions de brassard dont quslques-uns sont utilisation de la ligne droite
de pente predbtermi-  des points veritables et dont d'autres sont des nde m
A partir dudit dernier point inclus dans le   points d'artefacts, groupe,
3) un moyen de proceder (44) pour traiter e) r6petition des phases 3a), 3b)
et 3c) jusqu'3   65   lesdits points afin de les grouper de fagon qu'un 10
19                  0 150 176                      20 group. ne comprenne
pratiquement que des           l'utilisation du point ajoute en dernier au
groups points veritables et d'exclure des points d'ar-    pour estimer les
valeurs RK (lt et quo tefacts comprenant
4) le moyen d'identification identifie le groups a) un moyen d'estimation
r6pondant a un point    avec le plus grand nombre de points comme un A It
pression de brassard la plus 6levee pour    5    groups contenant
pratiquement tous les points :stimer'uno valour (f1Q pour un point
veritable A  v6ritables. une pression de brassard inf6rieure suivante qui
10. Systeme selon la revendication 9, caracter- comprend tun point,
ise on ceci qu'une pente estimes (m) est englob6e b) un moyen de
combinaison pour inclure ledit    dans le moyen de proceder (44). point a
la dite pression de brassard inf6rieure   to.    11. Systeme selon la
revendication 9, caract6r- suivant dans un groups qui comprend ledit point
ise en ceci quo la pente (m) comprend une pent. si la dWfMr nco (ARK) entre
la valeur RK estimee   ds commando obtenue d'un cycle prealable d'op- (RK)
et la valeur RK (RK) A ladite pression de     6ration. brassard inf6rieure
suivante est au-dessous d'une   12. Systeme selon lune des revendications
valeur donn6o, autroment excluant ledit point du   is   9-11 caract6rise en
ceci quo los moyens d'obten- groupe.
tion (36, 48) obtionnent une mesure de pressions c) urn moyen de r6p6tition
pour r6peter les      sanguines systolique et diastolique de points
operations accomplies par des el6ments 3a) et 3b)  adjacents aux extremites
superieure et inferieure jusqu'a ce qu'il ne reste aucun point non group6 A
respectivement de pressions de brassard du une pression de brassard
inf6rieure,         20   groups de pratiquement tous les points v6ritab- d)
un autre moyen de repetition pour rep6ter los  los. operations accomplies
par les 6l6ments 3a), 3b) et  13. Systeme salon lune des revendications 3c)
jusqu'A ce quo tous les points soient inclus   9-12, caractdrise en coci
quo le moyen d'6tablis- dans un groupe, les points identifies par l'6l6ment
sement 6tablit une ligne droite pour au moins 3d) 6tant inclus dans un
autre groups de points a   25   quelques-uns. des points du groups de
pratique- chaque r6petition des operations de l'6lement 3d)  ment tous los
points v6ritables, le pente (m) de de facon quo le moyen d'estimation et/ou
le       ladite ligne droite comprenant une mesure de la moyen de
traitement r6pondent a une ligne de       pente systolique des ondes de
pressions sangui- . t    pente (m) projet6e a partir dudit point
caracteris6  nes pendant le degonflement de brassard. en co que le. moyen
de rep6tition comprend    30 35 40 50 55    


