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Description
CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Application No. 60/526,612 filed December 4,
2003.

FIELD OF THE INVENTION

[0002] The presentinvention relates generally to mon-
itoring systems, and more particularly has reference to
intelligent medical vigilance systems used for monitoring
patients, automobile drivers, or other persons whose
physiological condition may undergo a change signifying
a deterioration in condition, a tendency toward drowsi-
ness, or other state that may have important conse-
quences for that person or for others.

BACKGROUND OF THE INVENTION

[0003] Medical monitors have been in use for many
years. Typically, medical monitors include patient moni-
tors prescribed by a physician in a non-ICU setting.
[0004] While typical devices may be suitable for the
particular purpose to which they address, they are not
as suitable for providing an invisible "safety net" for a
patient that will observe and analyze, and, only in the
event of a clinically significant negative condition, notify
and report the event to the care staff utilizing the hospi-
tal’s existing nurse call system.

[0005] Patentapplication US 5,724,025 by Tavory, dis-
closes a portable vital signs monitor including a plurality
of sensors and an alarm mechanism which is designed
to activate when one or more predetermined set points
or combination of set points stored in the data storage is
exceeded.

[0006] Patentapplication US 5,585,785 by Gwin etal.,
discloses a driver alarm with a pressure transducer at-
tached along the circumference of the steering wheel of
a vehicle to measure hand grip pressure on the wheel
and sound an alarmwhen the pressure falls below alower
limit and when the transient behavior of the pressure sig-
nal deteriorates substantially.

[0007] The main problem with conventional medical
monitors is they are designed to respond to rapidly
changing situations (found, in ICUs) and thus have a high
false alarm rate. Outside the intensive care unit, these
monitors are not usually connected to a remote alarm,
so local alarms sound, disturbing the patient, their family
and friends and the workflow of the various clinicians
providing care to the patient. Many attempts have been
made to make alarms more meaningful.

[0008] Another problem is that standard devices re-
quire contact directly to the patient’s skin or body via ca-
bles or wires. This means constraining the patient’s
movement to prevent disconnecting the sensors and also
creates a danger of entanglement or strangulation from
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the cables. Additionally, these devices are relatively ex-
pensive to purchase and somewhat complex to operate,
requiring a trained individual to operate property.
[0009] Thus, a need exists for simpler, less expensive
and more accurate methods for noninvasive vital sign
monitoring of significant negative conditions and report-
ing these events. This invention addresses these and
other needs.

SUMMARY OF THE INTENTION

[0010] Briefly, and in general terms, the present inven-
tion involves a new and improved intelligent medical vig-
ilance method and apparatus for providing an invisible
"safety net" that observes and analyzes a person’s vital
signs. Only in the event of a clinically significant negative
condition will the device notify and report the event to the
person or the care staff of a health care facility, utilizing,
for example, a hospital’s existing nurse call system. In
so doing, the invention extends the vigilance capability
and "reach" of the hospital clinical staff so that their re-
sources can be more effectively applied.

[0011] The present invention has many of the advan-
tages of the medical monitors mentioned heretofore and
many novel features that result in a new intelligent med-
ical vigilance system which is not anticipated, rendered
obvious, suggested, or even implied by any of the prior
art medical monitors, either alone or in any combination
thereof.

[0012] In apresently preferred embodiment, by way of
axample and not necessarily by way of limitation, the
invention generally comprises a bedside unit connected
to a sensing array (placed under the patient) and to an
existing hospital nurse call system via an interface. The
sensing array preferably is a non-invasive piezoelectric
sensing film or other similar sensing technology, with an
array of sensors installed in soft padding under the bot-
tom sheet of the patient’s hospital bed. The sensing array
is not directly in contact with the skin of the patient. Within
the physical bedside unit are a signal processor and an
alarm processor that measure the data and evaluate
whether a clinically significant event is occurring.
[0013] The bedside unit is a wall-mounted unit with a
display that becomes active (comes on) when an alarm
condition is enabled or on command by the nurse, by
touching any key. It has a number of dedicated and
softkey buttons and controls for entering information, set-
ting up specific items and interacting with the system.
[0014] The sensing array is a thin, piezoelectric film or
other similar sensing technology, with an array of sensors
sheathedin soft padding thatis easily cleaned. Itis placed
in the patient’'s bed, under the bottom sheet (and other
padding if needed), not directly in contact with the skin
of the patient. It can be integrated into the mattress cov-
erlet, if desired. The monitoring system of the present
invention may also be used in chairs to monitor the state
of relaxation of a subject via heart rate, blood pressure
and respiration rates.
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[0015] The nurse call feature is made up of hardware,
software and cabling to connect to a nurse call system
already installed in the hospital or care facility. The signal
processor is made up of hardware and software that ac-
cepts, buffers and converts the sensor array signal from
analog to digital format for subsequent processing. The
alarm processor uses logic to monitor the parameter
trends and determines when a negative condition is oc-
curring. It then actuates the alarm circuitry for local and/or
remote alarm. Soft alarms may be used to report adverse
trends before an emergency condition arises. All alarms
may interact with the existing nurse call system in the
hospital.

[0016] Inalternative embodiments, the intelligent med-
ical vigilance system of the present invention can be
adapted for use as a monitoring system for operators of
motor vehicles, aircraft or other devices. The present in-
vention is installed in one or more of the following regions
of a motor vehicle: the seat, seatback, headrest, steering
wheel, driving jacket, or a driving cap. One or more sen-
sors may be located in each general location to provide
for improved feedback. The vehicle operator may also
carry a wrist attachment or a necklace with built in sen-
sors.

[0017] The sensors in the vehicle transmit information
about the patient to a central processor built into the ve-
hicle via hardwiring or wireless technology. The proces-
sor analyzes the incoming information and outputs data
as needed. The vigilance system can be used to alert
drivers to approaching sleep states or other potentially
hazardous physical conditions in order to reduce acci-
dents. The sensors measure heart rate, respiration rate
and movement of the vehicle operator.

[0018] Background noise signals are actively can-
celled out to provide an accurate reading of the patients
heart rate, respiration rate and blood pressure. This can-
cellation allows the monitoring system to operate effec-
tively in high background noise environments.

[0019] Trend information is also recorded and availa-
ble for study.

[0020] The present invention overcomes many of the
shortcomings of the prior art devices.

[0021] In a preferred embodiment, the present inven-
tion provides an intelligent medical vigilance system for
providing an invisible "safety net" for the patient that will
observe and analyze, and, only in the event of a clinically
significant negative condition, notify and report the event
to the care staff utilising the hospital’s existing nurse call
system.

[0022] Inafurther preferred embodiment, the invention
provides an intelligent medical vigilance system that ob-
serves (monitors) multiple physiological signals without
direct skin contact.

[0023] In yet a further embodiment, the invention pro-
vides an intelligent medical vigilance system that analyz-
es the information to determine whether the parameters
are within normal limits or are tending to go in a clinically
negative direction.
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[0024] In a further aspect, the invention provides an
intelligent medical vigilance system thatreports the phys-
iological parameters and provides a trend of them over
time.

[0025] In yet a further aspect, the invention provides
an intelligent medial vigilance system that notifies the
nursing care staff when a consistently negative situation
is detected via the existing nurse call system used in the
facility.

[0026] In still a further aspect, the invention provides
an intelligent medical vigilance system that persistently
reminds nursing of continued violations or worsening sit-
uation until interventions are successful. This aspect pro-
vides anintelligent medical vigilance system that extends
the vigilance capability and "reach" of the busy clinical
staff so they can spend time where it has the best clinical
effect.

[0027] Inanother aspect, the invention provides a sen-
sor system within vehicles that alerts operators to dan-
gerous physiological conditions that would impair the op-
erator’s ability to operate equipment safely.

[0028] These and other advantages of the invention
will become more apparent from the following detailed
description, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the fea-
tures of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Figure 1 is a diagram of the vigilance monitoring sys-
tem of the present invention.

Figure 2 is a block diagram of the system functions.

Figure 3 is a diagram showing progression from nor-
mal patient condition to negative event and nurse
response.

Figure 4 is a time plot of multiple parameters, show-
ing various parameter violations and alarm logic.

Figure 5 is multiple parameter alarm table, showing
alarm logic.

Figure 6 is a diagram showing various configurations
of sensors in a vehicle.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0030] Figure 1 illustrates an intelligent medical vigi-
lance system 1, which comprises a bedside unit 3 con-
nected to a sensing array 5 (placed under the patient)
and also to an existing hospital call system 7 via an in-
terface 9. Within the physical bedside unit 3 are a signal
processor and an alarm processor that measure the data
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and evaluate whether a clinically significant event is oc-
curring. The present invention can also be used as a
monitoring system in vehicles.

[0031] The bedside unit 3 is a wall-mounted unit with
a display 9 that becomes active (comes on) when an
alarm condition is enabled or on command by the nurse,
by touching any key. It has a number of dedicated and
softkey buttons and controls for entering information, set-
ting up specific items and interacting with the system.
[0032] While various types of sensors can be used, it
is preferred that the sensing array 5 be in the form of a
thin, piezoelectric film sensing array sheathed in soft pad-
ding that is easily cleaned. It is placed in the patient’s
bed 11, under the bottom sheet (and other padding if
needed), notdirectly in contact with the skin of the patient.
The sensing array 5 may be incorporated into soft pad-
ding under the bottom sheet of a patient’s bed.

[0033] Thenurse callfeature 7 is made up of hardware,
software and cabling to connect to the nurse call system
already installed in the hospital or care facility.

[0034] The signal processor is made up of hardware
and software that accepts, buffers and converts the sen-
sor array signal from analog to digital format for subse-
quent processing. Trend information is recorded and
available for study.

[0035] The alarm processor uses logic to monitor the
parameter trends and determines when a negative con-
dition is occurring. It then actuates the alarm circuitry for
local and/or remote alarm. Soft alarms may be utilized
to report adverse trends before emergency situation aris-
es.

[0036] Figure 2 shows a schematic diagram of the
monitoring process of the present invention. Figure 3 is
a diagram showing progression from normal patient con-
dition to negative event and nurse response.

[0037] Inall patient monitoring devices with alarms the
user can set "hard" alarm limits - those high and low sin-
gle-parameter limits that, when passed, will cause the
alarm indication, signal and tone to be transmitted to the
caregiver by any number of means. The caregiver re-
sponds to correct the situation. One problem caused by
such alarms is that of false positive alarms - those alarms
that sound because the set threshold is passed momen-
tarily, but that are not associated with a clinically signifi-
cant event. In order to monitor the patient closely the
alarm limits may be set close to the patient’s present
parameter value. The closer these are set, the more likely
itis thata minor actual parameter variation, patient move-
ment or other signal "noise" will make the measured pa-
rameter surpass the set alarm limit.

[0038] Few if any alarms use any delay or additional
processing other that the filtering used to compute the
average of and display the parameter’s value. There
have been many attempts to measure the inadequacy of
such simple alarms in the intensive care unit. There are
also methodologies used to dolay alarming until a certain
time since passage outside the range integrated with the
extent of the deviation beyond the set range is exceeded.
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[0039] In an intelligent vigilance monitor such as the
one used in this invention, the "hard" alarm limits can be
spread more widely than in conventional intensive care
unit monitors. This is done because the patients being
monitored may be relatively healthy and mobile com-
pared to typical ICU patients. Because of their high ac-
tivity level they exhibit a lot of variability in their measured
vital parameters such as heart rate, respiratory rate,
blood pressure, temperature, cardiac activity, etc. Thus,
the clinician wants to watch over these patients’ condi-
tion, but also wants to avoid false positive alarms that
disrupt the patient care workflow and the feelings and
outlook of the patient. However, the clinician is still inter-
ested in detecting negative trends in the patient so they
can react quickly to treat or avoid deeper, more serious
problems.

[0040] Figures4 and 5 show the use of alarm limit pairs
and algorithms. Figure 4 is a time plot of multiple param-
eters, showing various parameter violations and alarm
logic. Figure 5 is multiple parameter alarm table, showing
alarm logic.

[0041] To accomplish a balanced response, the mon-
itor of the presentinvention has two or more distinct alarm
limit pairs and algorithms. The purpose of the new alarm
scheme is to set new thresholds within the previous
"hard" limits of each parameter that will catch a patient’s
worsening condition prior to crossing the old single "hard"
limits. This differs from just moving those limits in be-
cause these new, soft limits require that both the HR and
RR values (in this example) be outside the soft limits to
initiate the alarm. If either the HR or RR falls outside a
hard limit, then the alarm sounds. If both the HR and RR
fall outside the soft limit, but still within the hard limit, then
the "soft" alarm sounds. This is best described in Figure 4.
[0042] The parameters covered by such an alarm
scheme are not limited to Heart Rate and Respiratory
Rate, used in this example. In addition, the sensitivity
and specificity of the "hard" alarm may bo improved by
using a more-complex algorithm than just "did it pass the
limit?" used in many systems. This improvement could
take the form of applying a number of approaches includ-
ing but not limited to neural net and/or fuzzy logic.
[0043] Fuzzy logic could be applied to the limit as fol-
lows: Given one or more measurements of physiological
parameters (e.g. heart rate, respiration rate, blood pres-
sure, temperature, etc.) which require an alarm when the
measurement is outside of a range (or band), a fuzzy
logic type function can be defined as follows:

N-1
A= Z Fn (pn), an alarm truth function, based

n=0
on N different parameters or signals, and a signal
truth function F(p) for each parameter or signal
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1, forp <tu

>0 fortu< p <twm
F(p)= 40, forTm<p<tm ¢,
>0, for tm < p < tm

L, forp>tm
additional constraint that F(p) must be monotonically
increasing for t, <= p <= t;, and monotonically de-

with the

/

creasing for t | <= p <=1},

[0044] The sum of N different physiological fuzzy logic
functions can be used to establish an alarm equation
(See alarm truth function above) described further as fol-
lows: When A >=Ta, the alarm sounds, otherwise it does
not. Tais typically setto 0.5 if any weak (or soft) condition
(or combination of weak conditions) is to cause an alarm.
If Ta is set to 1.0 a strong alarm condition from at least
one physiological parameter is required for the alarm to
sound. If it is desired that the alarm only sound when
Physiological parameters are at or above ty,(n) (or below
t_(n)), then Ta can be set to N. This method can also be
used when the same physiological parameter is meas-
ured by multiple means.

[0045] In the case of two measurements of the same
physiological parameter, the F(p) functions would most
likely be the same for each measurement and Ta could
be set to 1.0 such that if either device exceeded the t,
limits, the alarm would sound. The alarm violation type
(hard, soft, etc.) may be differentiated from each other
or not, depending on the needs for the specific clinical
application (ICU versus General Care Floor, etc.). The
alarms may be setindividually for each parameter as soft
high and soft low or may be set by using a fixed percent-
age, such as 10% within the range of the hard limits for
each parameter. The logic can also be extended to more
than two alarms if needed.

[0046] The sensitivity of both the "hard" and "soft" limits
also may be improved by delaying the alarm until the
monitor determines that a signal has passed a limit for a
certain length of time, such as 10 seconds. In this way,
momentary changes in a signal having no clinical signif-
icance can be ignored.

[0047] Figure 6 is a diagram of the present invention
installed in a vehicle. The intelligent medical vigilance
system of the present invention can easily be adapted
for use as a monitoring system for operators of motor
vehicles, aircraft or other devices. The sensing array of
the present invention is installed in one or more of the
following regions of a motor vehicle: the seat 13, seatback
15, headrest 17, steering wheel 19, driving jacket 21, or
a driving cap 23. One or more sensor arrays may be
located in each general location to provide for improved
feedback. The vehicle operator may also carry a wrist
attachment 25 or a necklace 27 with builtin sensor arrays.
[0048] The sensor arrays in the vehicle transmit infor-
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mation about the patient to a central processor 29 built
into the vehicle via hardwiring 31 or wireless 33 technol-
ogies. The processor analyzes the incoming information
and outputs data as needed. The vigilance system can
be use to alert drivers to approaching sleep states or
other potentially hazardous physical conditions in order
to reduce accidents. The sensors can be configured to
measure a variety of parameters, such as heartrate, res-
pirationrate, blood pressure, temperature, cardiac output
and movement of the vehicle operator. The intelligent
monitoring system in vehicles uses similar alarm
schemes to those in a hospital setting.

[0049] Background noise signals are actively can-
celled outto provide an accurate reading of the operator’s
measured physiological parameters. This cancellation
allows the monitoring system to operate effectively in
high background noise environments.

[0050] While aparticularform of the invention has been
illustrated and described, it will also be apparent to those
skilled in the art that various modifications can be made
without departing from the spirit and scope of the inven-
tion. Accordingly, it is not intended that the invention be
limited except by the appended claims.

Claims

1. A method for monitoring the physiology of a person
and providing an alarm to warn of an undesirable
condition, comprising:

placing adjacent the person a plurality of sen-
sors (5) configured to detect physiological pa-
rameters of the person;

detecting one or more physiological parameters
of the person with said sensors (5);

converting the detected one or more physiolog-
ical parameters into signals;

assigning an upper hard range of signal values
for each physiological parameter;

assigning a lower hard range of signal values
for each physiological parameter;

analyzing atleast two of the signals over a period
of time to determine in which range each signal
is situated;

the method being characterized by further
comprising:

assigning an upper soft range of signal val-
ues below the upper hard range for each
physiological parameter, wherein the upper
softrange is selected to be a predetermined
downward departure from the upper hard
range;

assigning a lower softrange of signal values
above the lower hard range for each phys-
iological parameter, wherein the lower soft
range is selected to be a predetermined up-
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ward departure from the lower hard range;

activating an alarm when at least one signal is
in a hard range, and

activating an alarm when at least two signals are
in a soft range.

The method of claim 1, wherein activating an alarm
includes activating a hard alarm when at least one
signal is in a hard range, and activating a soft alarm
when at least two signals are in a soft range.

The method of claim 1, wherein activating an alarm
includes activating an alarm using fuzzy logic to as-
sess the significance of the plurality of signals in re-
lation to the hard and soft ranges.

The method of claim 1, wherein each said plurality
of sensors (5) is configured to detect the same phys-
iological parameter of the person.

The method of claim 1, wherein each of said plurality
of sensors (5) is configured to detect multiple differ-
ent physiological parameters of the person.

The method of claim 1, wherein the sensors (5) are
configured to detect at least two physiological pa-
rameters selected from the group consisting of heart
rate, respiration rate, blood pressure, temperature,
motion, and noise emission.

The method of claim 1, wherein the ranges of signal
values are assigned by a health care giver and can
be selectively varied.

The method of claim 1, wherein the upper soft range
is automatically selected to have a lower limit that is
a predetermined percentage of the lower limit of the
upper hard range, and the lower soft range is auto-
matically selected to have an upper limit that is a
predetermined percentage of the upper limit of the
lower hard range.

The method of claim 1, wherein each parameter is
assigned a different soft range.

The method of claim 1, wherein the magnitude of the
upper soft range differs from the magnitude of the
lower soft range.

The method of claim 1, further comprising
communicating an activated alarm to a health care
provider through a pre-existing nurse call system
within a health care facility.

The method of claim 1, further comprising
selecting signals in the upper ranges which are in-
creasing in value and signals in the lower ranges
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13.

14.

15.

16.

17.

which are decreasing in value;

activating an alarm when at least one said selected
signals is in a hard range; and activating an alarm
when at least two of said selected signals are in a
soft range.

The method of claim 1, further comprising

applying a fuzzy logic function to each signal within
a range; and

activating an alarm when the sum of the fuzzy logic
functions exceed a predetermined value.

The method of claim 13, wherein a first predeter-
mined value activates a soft alarm.

The method of claim 13, wherein a second prede-
termined value activates a hard alarm.

The method of claim 1, wherein the upper soft range
is automatically selected to have a lower limit that is
a fixed percentage of the lower limit of the upper hard
range, and the lower soft range is automatically se-
lected to have an upper limit that is a fixed percent-
age of the upper limit of the lower hard range.

Apparatus for monitoring the physiology of a person
and providing an alarm to warn of an undesirable
condition, comprising:

a plurality of sensors (5) for detecting one or
more physiological parameters of the person;
a processor configured to convert each detected
one or more physiological parameters into infor-
mation signals; and

an alarm system in communication with the
processor, the alarm system being configured
to provide one or more alarms;

wherein the processor is configured to perform
steps including:

receiving a designated upper hard range of
signal values for each physiological param-
eter

receiving a designated lower hard range of
signal values for each physiological param-
eter;

analyzing at least two of the signals over a
period of time to determine in which range
of values each signal is situated;

where the apparatus is characterized by
the processor being configured to further
perform the following steps:

receiving a designated upper softrange
of signal values below the upper hard
range for each physiological parame-
ter;

receiving a designated lower softrange
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28.

29.
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of signal values above the lower hard
range for each physiological parame-
ter;

activating the alarm when at least one
signal is in a hard range; and
activating the alarm when at least two
signals are in a soft range.

The apparatus of claim 17 further comprising an in-
terface (9) for connecting the alarm system to an
existing nurse call system (7) in a health care facility.

The apparatus of claim 17, wherein the processor is
housed in a bedside unit (3), for placing alongside a
bed (11) for the person.

The apparatus of claim 19, wherein the bedside unit
further comprises a display connected to the proc-
essor for displaying physiological data, the display
being automatically actuated when an alarm condi-
tion occurs.

The apparatus of claim 19, wherein the bedside unit
further comprises a display connected to a processor
for displaying physiological data, the display being
selectively activated by an attending health care pro-
vider.

The apparatus of claim 17, wherein the sensors (5)
are assembledin an array enclosed within a coverlet.

The apparatus of claim 17, wherein the sensors (5)
are disposed within bedding for the person.

The apparatus of claim 17, wherein the sensors (5)
comprise noninvasive sensors formed of piezoelec-
tric material.

The apparatus of claim 17, wherein the sensors are
installed in at least one location selected from the
group consisting of a vehicle seat (13), a vehicle
seatback (15), a vehicle headrest (17), a vehicle
steering wheel (19), a driving jacket (21), a driving
cap (23), a wrist attachment (25), and a necklace
(27).

The apparatus of claim 17, wherein the processor
(29) is located in a vehicle.

The apparatus of claim 17, wherein the sensors
transmit the detected parameters to the processor
via wireless technology (33).

The apparatus of claim 17, wherein the alarmis con-
figured to alert a driver of a vehicle of an approaching

sleep state.

The apparatus of claim 17, wherein the sensors are
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30.

31.

32,

33.

34.

configured to detect at least two physiological pa-
rameters selected from the group consisting of heart
rate, respiration rate, blood pressure, temperature,
cardiac output and movement of the person.

The apparatus of claim 17, wherein the processor is
further configured such that activating the alarm in-
cludes activating a hard alarm when at least one sig-
nal is in a hard range, and activating a soft alarm
when at least two signals are in a soft range.

The apparatus of claim 17, wherein the sensors are
not directly in contact with the person’s skin.

The method of claim 1, wherein activating an alarm
when at least one signal is in a hard range requires
that said at least one signal remain in said range for
apredetermined period of time to activate said alarm.

The method of claim 1, wherein activating an alarm
when at least two signals are in a soft range requires
that said at least one of said signals remain in said
range for a predetermined period of time to activate
said alarm.

The apparatus of claim 17, wherein the sensors are
placed in soft padding under the bottom sheet of the
person’s bed (11).

Patentanspriiche

1.

Verfahren zum Uberwachen der Physiologie einer
Person und Bereitstellen eines Warnsignals, um vor
einem unerwiinschten Zustand zu warnen, umfas-
send:

Unterbringen einer Vielzahl von Sensoren (5)
nahe der Person, die ausgebildet sind, um phy-
siologische Parameter der Person zu detektie-
ren;

Detektieren eines oder mehrerer physiologi-
scher Parameter der Person mit den Sensoren
(3);

Umwandeln des detektierten einen oder meh-
rerer physiologischer Parameter in Signale;
Zuordnen eines oberen festen Bereichs von Si-
gnalwerten fir jeden physiologischen Parame-
ter;

Zuordnen eines unteren festen Bereichs von Si-
gnalwerten fir jeden physiologischen Parame-
ter;

Analysieren von mindestens zwei der Signale
Uber einen Zeitraum, um zu bestimmen, in wel-
chem Bereich jedes Signal liegt;

wobei das Verfahren dadurch gekennzeichnet
ist, dass es weiterhin umfasst:
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Zuordnen eines oberen schwachen Be-
reichs von Signalwerten unterhalb des obe-
ren festen Bereichs fiir jeden physiologi-
schen Parameter, wobei der obere schwa-
che Bereich als eine vorher bestimmte Ab-
weichung nach unten von dem oberen fes-
ten Bereich ausgewahlt ist;

Zuordnen eines unteren schwachen Be-
reichs von Signalwerten oberhalb des un-
teren festen Bereichs fiir jeden physiologi-
schen Parameter, wobei der untere schwa-
che Bereich als eine vorher bestimmte Ab-
weichung nach unten von dem unteren fes-
ten Bereich ausgewahlt ist;

Aktivieren eines Warnsignals, wenn sich
mindestens ein Signal in einem festen Be-
reich befindet, und

Aktivieren eines Warnsignals, wenn sich
mindestens zwei Signale in einem schwa-
chen Bereich befinden.

Verfahren nach Anspruch 1, wobei Aktivieren eines
Warnsignals das Aktivieren eines festen Warnsig-
nals umfasst, wenn sich mindestens ein Signal in
einem festen Bereich befindet, und das Aktivieren
eines schwachen Warnsignals, wenn sich mindes-
tens zwei Signale in einem schwachen Bereich be-
finden.

Verfahren nach Anspruch 1, wobei Aktivieren eines
Warnsignals das Aktivieren eines Warnsignals mit-
tels Fuzzy-Logik umfasst, um die Bedeutung der
Vielzahl von Signalen im Verhaltnis zu dem festen
und dem schwachen Bereich einzuschatzen.

Verfahren nach Anspruch 1, wobei jeder der Vielzahl
von Sensoren (5) so ausgefiihrtist, um den gleichen
physiologischen Parameter der Person zu detektie-
ren.

Verfahren nach Anspruch 1, wobei jeder der Vielzahl
von Sensoren (5) so ausgefiihrtist, um vielfache un-
terschiedliche physiologische Parameter der Person
zu detektieren.

Verfahren nach Anspruch 1, wobei die Sensoren (5)
so ausgeflhrt sind, dass sie mindestens zwei phy-
siologische Parameter detektieren, die von der aus
Herzfrequenz, Atmungsfrequenz, Blutdruck, Tem-
peratur, Bewegung und Schallabstrahlung beste-
henden Gruppe ausgewahlt sind.

Verfahren nach Anspruch 1, wobei die Bereiche von
Signalwerten durch einen Krankenpfleger zugeord-
net werden und selektiv verandert werden kdnnen.

Verfahren nach Anspruch 1, wobei der obere schwa-
che Bereich automatisch so gewahlt wird, dass er
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eine untere Grenze besitzt, die ein vorher bestimm-
ter Anteil der unteren Grenze des oberen festen Be-
reichs ist, und der untere schwache Bereich auto-
matisch so gewahlt wird, dass er eine obere Grenze
besitzt, die ein vorher bestimmter Anteil der oberen
Grenze des unteren festen Bereichs ist.

Verfahren nach Anspruch 1, wobei jeder Parameter
einem anderen schwachen Bereich zugeordnet ist.

Verfahren nach Anspruch 1, wobei die GréRe des
oberen schwachen Bereichs von der GroRe des un-
teren schwachen Bereichs abweicht.

Verfahren nach Anspruch 1, des Weiteren umfas-
send

Kommunizieren eines aktivierten Warnsignals zu ei-
nem Gesundheitsversorger Ulber eine vorher vor-
handene Krankenschwester-Rufanlage innerhalb
einer Gesundheitsflirsorgeeinrichtung.

Verfahren nach Anspruch 1, des Weiteren umfas-
send

Auswahlen von Signalen in den oberen Bereichen,
die im Wert zunehmen, und Signalen in den unteren
Bereichen, die im Wert abnehmen;

Aktivieren eines Warnsignals, wenn sich mindestens
eines der ausgewahlten Signale in einem festen Be-
reich befindet; und

Aktivieren eines Warnsignals, wenn sich mindestens
zwei der ausgewahlten Signale in einem schwachen
Bereich befinden.

Verfahren nach Anspruch 1, des Weiteren umfas-
send

Anwenden einer Fuzzy-Logik-Funktion auf jedes Si-
gnal innerhalb eines Bereichs; und

Aktivieren eines Warnsignals, wenn die Summe der
Fuzzy-Logik-Funktionen einen vorbestimmten Wert
Uberschreitet.

Verfahren nach Anspruch 13, wobei ein erster vor-
bestimmter Wert ein schwaches Warnsignal akti-
viert.

Verfahren nach Anspruch 13, wobei ein zweiter vor-
bestimmter Wert ein starkes Warnsignal aktiviert.

Verfahren nach Anspruch 1, wobeiderobere schwa-
che Bereich automatisch so gewahlt wird, dass er
eine untere Grenze besitzt, die ein feststehender An-
teil der unteren Grenze des oberen festen Bereichs
ist, und der untere schwache Bereich automatisch
so gewahlt wird, dass er eine obere Grenze besitzt,
die ein feststehender Anteil der oberen Grenze des
unteren festen Bereichs ist.

Vorrichtung zum Uberwachen der Physiologie einer
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Person und Bereitstellen eines Warnsignals, um vor
einem unerwiinschten Zustand zu warnen, umfas-
send:

eine Vielzahl von Sensoren (5) zum Detektieren
eines oder mehrerer physiologischer Parameter
der Person;

einen Prozessor, der so ausgefiihrtist, umjeden
detektierten einen oder mehrere physiologische
Parameter in Informationssignale umzuwan-
deln; und

ein Warnsystem in Kommunikation mit dem Pro-
zessor, wobei das Warnsystem so ausgefihrt
ist, um ein oder mehrere Warnsignale zur Ver-
fiigung zu stellen;

wobei der Prozessor so ausgefiihrt ist, um
Schritte durchzufiihren, die umfassen:

Empfangen eines bezeichneten oberen
festen Bereichs von Signalwerten fiir jeden
physiologischen Parameter,

Empfangen eines bezeichneten unteren
festen Bereichs von Signalwerten fiir jeden
physiologischen Parameter,

Analysieren mindestens zwei der Signale
Uber einen Zeitraum zum Bestimmen, in
welchem Bereich von Werten jedes Signal
liegt;

wobei die Vorrichtung dadurch gekenn-
zeichnet ist, dass der Prozessor so aus-
gefihrt ist, um des Weiteren die folgenden
Schritte durchzufihren:

Empfangen eines bezeichneten obe-
ren schwachen Bereichs von Signal-
werten unterhalb des oberen festen Be-
reichs firr jeden physiologischen Para-
meter;

Empfangen eines bezeichneten unte-
ren schwachen Bereichs von Signal-
werten oberhalb des unteren festen Be-
reichs fir jeden physiologischen Para-
meter;

Aktivieren des Warnsignals, wenn sich
mindestens ein Signal in einem festen
Bereich befindet; und

Aktivieren des Warnsignals, wenn sich
mindestens zwei Signale in einem
schwachen Bereich befinden.

Vorrichtung nach Anspruch 17, des Weiteren um-
fassend eine Schnittstelle (9) zum Verbinden des
Warnsystems mit einer vorhandenen Kranken-
schwester-Rufanlage (7) in einer Gesundheitsfir-
sorgeeinrichtung.

Vorrichtung nach Anspruch 17, wobei der Prozessor
in einer bettseitigen Einheit (3) aufgenommen ist,
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um ihn fir die Person neben ein Bett (11) zu stellen.

Vorrichtung nach Anspruch 19, wobei die bettseitige
Einheit des Weiteren ein Display aufweist, das mit
dem Prozessor zur Anzeige von physiologischen
Datenverbunden ist, wobei das Display automatisch
ausgeldst wird, wenn ein Alarmzustand auftritt.

Vorrichtung nach Anspruch 19, wobei die bettseitige
Einheit des Weiteren ein Display aufweist, das mit
einem Prozessor zur Anzeige von physiologischen
Daten verbunden ist, wobei das Display durch einen
pflegenden Gesundheitsversorger selektiv aktiviert
wird.

Vorrichtung nach Anspruch 17, wobei die Sensoren
(5) in einer Anordnung zusammengebaut sind, die
in einer Tagesdecke eingeschlossen ist.

Vorrichtung nach Anspruch 17, wobei die Sensoren
(5) innerhalb des Bettzeugs fiir die Person angeord-
net sind.

Vorrichtung nach Anspruch 17, wobei die Sensoren
(5) nicht eindringende Sensoren einschliel3en, die
aus piezoelektrischem Material gebildet sind.

Vorrichtung nach Anspruch 17, wobei die Sensoren
an mindestens einer Stelle eingebaut sind, die aus
der aus einem Fahrzeugsitz (13), einer Fahrzeu-
griicklehne (15), einer Fahrzeugkopfstitze (17), ei-
nem Fahrzeuglenkrad (19), einer Fahrerjacke (21),
einer Fahrermiitze (23), einer Handgelenkbefesti-
gung (25) und einer Halskette (27) bestehenden
Gruppe ausgewahlt ist.

Vorrichtung nach Anspruch 17, wobei der Prozessor
(29) in einem Fahrzeug liegt.

Vorrichtung nach Anspruch 17, wobei die Sensoren
die detektierten Parameter Uber Funktechnologie
(33) zu dem Prozessor ubertragen.

Vorrichtung nach Anspruch 17, wobei das Warnsig-
nal so gestaltet ist, dass es den Fahrer eines Fahr-
zeugs vor einem bevorstehenden Schlafzustand
alarmiert.

Vorrichtung nach Anspruch 17, wobei die Sensoren
so ausgeflhrt sind, dass sie mindestens zwei phy-
siologische Parameter detektieren, die von der aus
Herzfrequenz, Atmungsfrequenz, Blutdruck, Tem-
peratur, Herzleistung und Bewegung der Person be-
stehenden Gruppe ausgewabhlt sind.

Vorrichtung nach Anspruch 17, wobei der Prozessor
ferner so ausgefiihrt ist, dass Aktivieren des Warn-
signals das Aktivieren eines festen Warnsignals,
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wenn sich mindestens ein Signal in einem festen Be-
reich befindet, und das Aktivieren eines schwachen
Warnsignals, wenn sich mindestens zwei Signale in
einem schwachen Bereich befinden, umfasst.

Vorrichtung nach Anspruch 17, wobei die Sensoren
nicht direkt mit der Haut der Person in Beriihrung
kommen.

Verfahren nach Anspruch 1, wobei, wenn sich min-
destens ein Signal in einem festen Bereich befindet,
das Aktivieren eines Warnsignals erfordert, dass das
mindestens eine Signal zum Aktivieren des Warnsi-
gnals einen vorher bestimmten Zeitraum lang in dem
Bereich bleibt.

Verfahren nach Anspruch 1, wobei, wenn sich min-
destens zwei Signale in einem schwachen Bereich
befinden, das Aktivieren eines Warnsignals erfor-
dert, dass das mindestens eine der Signale zum Ak-
tivieren des Warnsignals einen vorher bestimmten
Zeitraum lang in dem Bereich bleibt.

Vorrichtung nach Anspruch 17, wobei die Sensoren
in weicher Polsterung unterhalb des untersten Bett-
lakens vom Bett (11) der Person untergebracht sind.

Revendications

1.

Procédeé pour surveiller la physiologie d’'une person-
ne et pour fournir une alarme afin d’avertir d’'un état
indésirable, comprenant le fait :

de placer au voisinage de la personne une plu-
ralité de capteurs (5) configurés pour détecter
des parametres physiologiques de lapersonne ;
de détecter un ou plusieurs parameétre(s) phy-
siologique(s) de la personne avec lesdits cap-
teurs (5) ;

de convertir le ou les plusieurs paramétre(s)
physiologique(s) détecté(s) en signaux ;
d’affecter une plage ferme supérieure de va-
leurs de signaux pour chaque paramétre
physiologique ;

d’affecter une plage ferme inférieure de valeurs
de signaux pour chaque parameétre
physiologique ;

d’analyser au moins deux des signaux au cours
d’une période pour déterminer dans quelle pla-
ge chaque signal est situé ;

le procédé étant caractérisé en ce qu’il com-
prend en outre le fait :

d’affecter une plage souple supérieure de
valeurs de signal inférieure a la plage ferme
supérieure pour chaque parameétre physio-
logique, ou la plage souple supérieure est
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sélectionnée pour étre un départ vers le bas
prédéterminé de la plage ferme supérieure ;
d’affecter une plage souple inférieure de va-
leurs de signal supérieure a la plage ferme
inférieure pour chaque parameétre physiolo-
gique, ou la plage souple inférieure est sé-
lectionnée pour étre un départ vers le haut
prédéterminé de la plage ferme inférieure ;
d’activer une alarme lorsqu’au moins un si-
gnal se trouve dans une plage ferme, et

d’activer une alarme lorsqu’au moins deux
signaux se trouvent dans une plage souple.

Procédé de la revendication 1, dans lequel I'activa-
tion d’'une alarme comporte le fait d’activer une alar-
me ferme lorsqu’au moins un signal se trouve dans
une plage ferme et d’activer une alarme souple lors-
gu’au moins deux signaux se trouvent dans une pla-
ge souple.

Procédé de la revendication 1, dans lequel I'activa-
tion d’'une alarme comporte le fait d’activer une alar-
me en utilisant une logique floue pour évaluer I'im-
portance de la pluralité de signaux par rapport aux
plages ferme et souple.

Procédé de la revendication 1, dans lequel chacun
de ladite pluralité de capteurs (5) est configuré pour
détecterle méme parameétre physiologique de la per-
sonne.

Procédé de la revendication 1, dans lequel chacun
de ladite pluralité de capteurs (5) est configuré pour
détecter plusieurs parameétres physiologiques diffé-
rents de la personne.

Procédé de la revendication 1, dans lequel les cap-
teurs (5) sont configurés pour détecter au moins
deux parameétres physiologiques sélectionnés dans
le groupe constitué de fréquence cardiaque, de ryth-
me respiratoire, de pression artérielle, de tempéra-
ture, de mouvement et d’émission de bruit.

Procédé de la revendication 1, dans lequel les pla-
ges de valeurs de signaux sont affectées par un don-
neur de soins de santé et peuvent varier de maniére
sélective.

Procédé de la revendication 1, dans lequel la plage
souple supérieure est automatiquement sélection-
née pour avoir une limite inférieure qui est un pour-
centage prédéterminé de la limite inférieure de la
plage ferme supérieure, et la plage souple inférieure
est automatiquement sélectionnée pour avoir une
limite supérieure qui est un pourcentage prédéter-
miné de la limite supérieure de la plage ferme infé-
rieure.
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Procédé de la revendication 1, dans lequel chaque
paramétre est affecté a une plage souple différente.

Procédé de la revendication 1, dans lequel 'ampli-
tude de la plage souple supérieure differe de I'am-
plitude de la plage souple inférieure.

Procédé de la revendication 1, comprenant en outre
le fait

de communiquer une alarme activée a un fournis-
seur de soins de santé par l'intermédiaire d’'un sys-
téme d’appel d’infirmier préexistant dans un établis-
sement de soins de santé.

Procédé de la revendication 1, comprenant en outre
le fait

de sélectionner des signaux dans les plages supé-
rieures qui augmentent en valeur et des signaux
dans les plages inférieures qui diminuent en valeur ;
d’activer une alarme lorsqu’au moins I'un desdits si-
gnaux sélectionnés se trouve dans une plage ferme ;
et

d’activer une alarme lorsqu’au moins deux desdits
signaux sélectionnés se trouvent dans une plage
souple.

Procédé de la revendication 1, comprenant en outre
le fait

d’appliquer une fonction de logique floue a chaque
signal a l'intérieur d’'une plage ; et

d’activer une alarme lorsque la somme des fonctions
de logique floue dépasse une valeur prédéterminée.

Procédé de larevendication 13, dans lequel une pre-
miere valeur prédéterminée active une alarme sou-
ple.

Procédé de la revendication 13, dans lequel une
deuxiéme valeur prédéterminée active une alarme
ferme.

Procédé de la revendication 1, dans lequel la plage
souple supérieure est automatiquement sélection-
née pour avoir une limite inférieure qui est un pour-
centage fixe de la limite inférieure de la plage ferme
supérieure, et la plage souple inférieure est automa-
tiguement sélectionnée pour avoir une limite supé-
rieure qui est un pourcentage fixe de la limite supé-
rieure de la plage ferme inférieure.

Appareil pour surveiller la physiologie d’'une person-
ne et pour fournir une alarme afin d’avertir d’'un état
indésirable, comprenant :

une pluralité de capteurs (5) pour détecter un
ou plusieurs paramétre(s) physiologique(s) de
la personne ;

un processeur configuré pour convertir chacun
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du ou des plusieurs parametre(s) physiologi-
que(s) détecté(s) en signaux d’informations ; et
un systeme d’alarme en communication avec le
processeur, le systeme d’alarme étant configuré
pour fournir une ou plusieurs alarme(s) :

dans lequel le processeur est configuré
pour effectuer des étapes comportant le
fait :

de recevoir une plage ferme supérieure
désignée de valeurs de signaux pour
chaque parameétre physiologique ;

de recevoir une plage ferme inférieure
désignée de valeurs de signaux pour
chaque parameétre physiologique ;
d’analyser au moins deux des signaux
sur une période pour déterminer dans
quelle plage de valeurs chaque signal
est situé ;

oul'appareil est caractérisé en ce que
le processeur est configuré pour effec-
tuer en outre les étapes suivantes qui
consistent :

a recevoir une plage souple supé-
rieure désignée de valeurs de si-
gnal inférieure ala plage ferme su-
périeure pour chaque parameétre
physiologique ;

a recevoir une plage souple infé-
rieure désignée de valeurs de si-
gnal supérieure a la plage ferme
inférieure pour chaque paramétre
physiologique ;

a activer I'alarme lorsqu’au moins
un signal se trouve dans une plage
ferme ; et

a activer I'alarme lorsqu’au moins
deux signaux se trouventdans une
plage souple.

18. Appareildelarevendication 17, comprenanten outre

une interface (9) pour relier le systeme d’alarme a
un systeme d’appel d’infirmier existant (7) dans un
établissement de soins de santé.

19. Appareil de la revendication 17, dans lequel le pro-

cesseur est logé dans une unité de chevet (3) pour
placer a c6té d’un lit (11) pour la personne.

20. Appareil de la revendication 19, dans lequel I'unité

de chevet comprend en outre un dispositif d’afficha-
ge relié au processeur pour afficher des données
physiologiques, le dispositif d’affichage étant auto-
matiquement actionné lorsqu’un état d’alarme se
produit.
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Appareil de la revendication 19, dans lequel l'unité
de chevet comprend en outre un dispositif d’afficha-
ge relié a un processeur pour afficher des données
physiologiques, le dispositif d’affichage étant sélec-
tivement activé par un fournisseur de soins de santé
assistant.

Appareil de la revendication 17, dans lequel les cap-
teurs (5) sont assemblés dans un réseau enfermé
dans une couverture.

Appareil de la revendication 17, dans lequel les cap-
teurs (5) sont disposés a l'intérieur d’une literie pour
la personne.

Appareil de la revendication 17, dans lequel les cap-
teurs (5) comprennent des capteurs non invasifs for-
més d’'un matériau piézo-électrique.

Appareil de la revendication 17, dans lequel les cap-
teurs sont installés dans au moins un emplacement
sélectionné dans le groupe constitué de siége de
véhicule (13), de dossier de siége de véhicule (15),
d’appui-téte de véhicule (17), de volant de véhicule
(19), de veste de conduite (21), de bonnet de con-
duite (23), d’élément de fixation au poignet (25) et
de collier (27).

Appareil de la revendication 17, dans lequel le pro-
cesseur (29) est situé dans un véhicule.

Appareil de la revendication 17, dans lequel les cap-
teurs transmettent les paramétres détectés au pro-
cesseur par l'intermédiaire d’'une technologie sans
fil (33).

Appareil de la revendication 17, dans lequel I'alarme
est configurée pour alerter un conducteur d’'un véhi-
cule de 'approche d’un état de sommeil.

Appareil de la revendication 17, dans lequel les cap-
teurs sont configurés pour détecter au moins deux
paramétres physiologiques sélectionnés dans le
groupe constitué de fréequence cardiaque, de rythme
respiratoire, de pression artérielle, de température,
de débit cardiaque et de mouvement de la personne.

Appareil de la revendication 17, dans lequel le pro-
cesseur est en outre configuré de sorte que l'activa-
tion de I'alarme comporte le fait d’activer une alarme
ferme lorsqu’au moins un signal se trouve dans une
plage ferme, etd’activerune alarme souple lorsqu’au
moins deux signaux se trouvent dans une plage sou-
ple.

Appareil de la revendication 17, dans lequel les cap-
teurs ne sont pas directement en contact avec la
peau de la personne.
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Procédé de la revendication 1, dans lequel I'activa-
tiond’une alarme lorsqu’au moins un signal se trouve
dans une plage ferme nécessite que ledit au moins
un signal reste dans ladite plage pendant une pério-
de prédéterminée pour activer ladite alarme.

Procédé de la revendication 1, dans lequel I'activa-
tion d’'une alarme lorsqu’au moins deux signaux sont
dans une plage souple nécessite que ledit au moins
un signal desdits signaux reste dans ladite plage
pendant une période prédéterminée pour activer la-
dite alarme.

Appareil de larevendication 17, dans lequel les cap-
teurs sont placés dans un rembourrage souple sous
le drap de dessous du lit (11) de la personne.
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