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(&) ABSTRACT

A highly portable biometric monitor is disclosed. At least one
remote sensor member (12, 12') includes one or more bio-
metric sensors (20, 22, 24, 25) configured for operative cou-
pling with a patient. A neck collar (14, 114, 214, 314, 414)
includes electronics (36, 40, 42, 44, 46, 48) for operating the
at least one remote sensor member. The at least one remote
sensor member is separate from and not disposed on the neck
collar. Optionally, the collar also includes one or more bio-
metric sensors (53). A communication link (18) operatively
connects the remote sensor member and the electronics of the
neck collar. A motion sensor (26) and position sensor (28)
may be disposed with the one or more biometric sensors to
sense movement and position, and the electronics (36, 40, 42,
44, 46, 48) configured to account for error in a signal pro-
duced by the one or more biometric sensors due to movement
sensed by the motion sensor or position sensed by the position
sensor. The electronics (36,40,42, 44, 46, 48) may log patient
activity and body position.
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BIOMETRIC MONITOR WITH
ELECTRONICS DISPOSED ON ORIN A
NECK COLLAR

[0001] The following relates to the medical monitoring
arts. It finds particular application in conjunction with moni-
toring of vital signs such as heart rate, blood oxygen satura-
tion (SpO,), respiration, core body temperature, and so forth,
and will be described with particular reference thereto. How-
ever, the following is also applicable to biometric monitoring
in general.

[0002] Monitoring of vital signs such as heart rate, blood
oxygen saturation (SpO,), respiration, core body tempera-
ture, and so forth, enables early detection of potentially
adverse medical conditions, thus in turn enabling early inter-
vention by medical personnel. Such monitoring is advanta-
geously performed continuously, since any interruption in
monitoring presents a time interval during which patient dete-
rioration may occur without warning. In particular, it is
advantageous to perform continuous vital signs monitoring
when the patient is being moved by medical personnel, or
when the patient is ambulatory (walking or moving in a
wheelchair or other transport-assisting device), since such
activities can stress the patient so as to increase the likelihood
of onset of a deleterious medical condition.

[0003] Traditionally, continuous monitoring has been per-
formed using biometric sensors attached to the patient. These
sensors are typically connected by wires with one or more
medical monitoring devices each of which typically include
alarm annunciation, a display for viewing physiological
waveforms and trends of vital signs data, a digital readout
showing current vital signs data, storage for storing vital signs
data, and so forth. The medical monitoring devices in turn
may be connected with a hospital computer network via addi-
tional cabling. The extensive wiring and cabling in such tra-
ditional monitoring setups is recognized as having significant
disadvantages, including reduced patient mobility, compro-
mised patient comfort, hindered patient access, and increased
difficulty in moving the patient for x-rays or other diagnostic
tests.

[0004] Accordingly, there is interest in substituting wire-
less links for the wiring and cabling of traditional monitoring
setups. Medical monitoring devices are sometimes connected
with the hospital network via a wireless local area network
(WLAN) connection or other wireless digital communication
protocol. Additionally, the biometric sensors may communi-
cate with the medical monitoring devices by a short-range
wireless communication protocol such as Bluetooth. These
approaches reduce or eliminate wiring and cabling, but intro-
duce other disadvantages. Wireless connections are not vis-
ible, and so interruption of a wireless link is not readily
apparent to medical personnel. Alarms may be provided to
indicate loss of wireless communication—however, it can be
difficult and stressful for medical personnel to identify the
cause of such an alarm. The short-range wireless communi-
cation between the biometric sensor and its associated medi-
cal monitoring device is particularly susceptible to interrup-
tion, for example if the patient is moved or ambulates away
from the medical monitoring device. The invisibility of the
wireless link between the biometric sensor and the medical
monitoring device increases the likelihood that such an inter-
ruption will occur, since it is not readily apparent to the
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patient or to medical personnel that the medical monitoring
device must be moved with the patient.

[0005] Another problem with using a short-range wireless
link between a biometric sensor and the medical monitoring
device is that such wireless communication takes relatively
substantial electrical power to operate. Thus, the biometric
sensor includes an on-board battery or other electrical power
source sufficient to drive a short-range wireless transmitter to
communicate with the medical monitoring device. Such an
on-board battery or other electrical power source is typically
bulky and heavy, making the wearing of the biometric sensor
uncomfortable for the patient. This discomfort is particularly
acute in the case of an ear sensor member that includes bio-
metric sensors operatively coupling to the exterior of an ear or
to an ear canal.

[0006] The following contemplates improvements that
overcome the aforementioned limitations and others.

[0007] According to one aspect, a biometric monitor is
disclosed. At least one remote sensor member includes one or
more biometric sensors configured for operative coupling
with a patient. A neck collar includes electronics for operating
with the at least one remote sensor member. The neck collar
optionally also includes one or more additional biometric
sensors disposed with the neck collar. A communication link
operatively connects the at least one remote sensor member
and the electronics of the neck collar.

[0008] According to another aspect, a biometric monitor is
disclosed. A sensor member includes: (i) one or more biomet-
ric sensors configured to couple with a patient at a coupling
point; and (ii) a motion sensor disposed with the one or more
biometric sensors to sense movement and/or patient position
at the coupling point. Electronics are configured to account
for error in a signal produced by the one or more biometric
sensors due to movement or change in patient position sensed
by the motion sensor.

[0009] According to another aspect, a biometric monitor is
disclosed. One or more vital signs sensors are configured for
coupling with an ear and sense at least pulse rate via the
coupled ear. A light emitter is provided. Control circuitry is
provided to control blinking of the light emitter in accordance
with the sensed pulse rate.

[0010]
[0011] Another advantage resides in enhanced patient
mobility.

[0012] Another advantage resides in improved robustness
of biometric monitoring against patient ambulating activities
and body positions.

[0013] Another advantage resides in improved patient
safety through convenient and continuous vital signs moni-
toring.

[0014] Numerous additional advantages and benefits will
become apparent to those of ordinary skill in the art upon
reading the following detailed description of the preferred
embodiments.

[0015] Theinvention may take form in various components
and arrangements of components, and in various process
operations and arrangements of process operations. The
drawings are only for the purpose of illustrating preferred
embodiments and are not to be construed as limiting the
invention.

[0016] FIG. 1 shows a perspective view of a biometric
monitor including an ear sensor member configured to couple
with a patient’s ear, tethered with electronics disposed on
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and/or in a neck collar that has an adjustable collar size
implemented as a post-and-hole adjustment system.

[0017] FIG. 2 diagrammatically shows a functional block
diagram of the biometric monitor of FIG. 1.

[0018] FIG. 3 shows a perspective view of a biometric
monitor including an in-ear biometric sensor member teth-
ered with electronics disposed on and/or in a neck collar that
has a continuously adjustable collar size.

[0019] FIG. 4 shows perspective views of a continuously
adjustable neck collar of the biometric monitor of FIG. 3
adjusted to the maximum and minimum collar sizes.

[0020] FIG. 5 shows a perspective view of an alternative
neck collar having a continuously adjustable collar size that is
symmetrical, adjusted to the minimum neck size.

[0021] FIG. 6 shows a perspective view of the adjustable
neck collar of FIG. 5 adjusted to the maximum neck size.
[0022] FIG. 7 shows a perspective view of the adjustable
neck collar of FIG. 5 with a cover for the region of the neck
collar that is exposed by the sliding collar size adjustment.
[0023] FIG. 8 shows a perspective view of an alternative
neck collar in which the collar size is fixed but the position of
an electronics module on the collar is adjustable.

[0024] FIG. 9 shows a perspective view of an alternative
neck collar that is deformable to fit the patient’s neck.
[0025] FIG. 10 diagrammatically shows processing per-
formed by the electronics of the neck collar to accommodate
head motion monitored by an accelerometer.

[0026] FIG. 11 diagrammatically shows processing per-
formed by the electronics of the neck collar to generate a log
of patient activity and body position.

[0027] With reference to FIGS. 1 and 2, a biometric moni-
tor 10 includes a remote sensor member 12, which in the
illustrated embodiment is configured for coupling with the
ear of a patient, and a neck collar 14 configured for disposing
around a patient’s neck. The neck collar 14 includes an elec-
tronics module 16 containing electronics for operating the
remote sensor member 12. The remote sensor member 12 is
remote in that it is separate from and not disposed on the neck
collar 14—in the illustrated embodiments, the remote sensor
member 12 is an ear sensor member disposed on or in the ear.
In other embodiments, the sensor member may be a finger
sensor member disposed on a patient’s finger, or may be
directly integrated into the electronics module or neck collar,
inside the concha of the outer ear, the outer ear or earlobe, the
forehead, the nose, the cheek, the tongue, the neck, the wrist,
the arm, the belly-button or stomach, the ankle, or so forth. A
flexible tether 18 connects the sensor member 12 and the
electronics of the neck collar 14. The ear sensor member 12 is
a lightweight unit that includes one or more biometric sen-
sors, such as the illustrated example blood oxygen saturation
(Sp0O,) sensor 20, core body temperature sensor 22, and res-
piration sensor 24. Other or additional biometric sensors 25
are also contemplated for inclusion in the sensor member 12,
such as a non-invasive arterial blood pressure sensor. More-
over, non-biometric sensors such as a motion sensor 26 for
detecting head motion or a position sensor 28 for detecting
patient body position may be included in the sensor member
12 or neck collar 14 or electronics module 16. In some
embodiments, the motion sensor 26 includes one or more
accelerometers, such as three accelerometers arranged to
detect motion in three orthogonal directions. Small acceler-
ometer-based motion sensors or gyro-based patient position
sensors suitable for inclusion in the sensor member 12 are
readily manufactured, for example using microelectronic
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machining (MEMS) techniques. The remote sensor member
12 in some embodiments is an ear-based sensor member that
is sized and sufficiently small to fit fully within the ear canal.
[0028] To make the remote sensor member 12 lightweight,
most components for operating the remote sensor member 12
are disposed in the neck collar 14. For example, an electrical
power source 30, in the illustrated embodiment being two
batteries, is disposed in the neck collar 14. The electrical
power source 30 electrically powers components of the neck
collar 14 and additionally electrically powers the biometric
sensors 20, 22, 24, 25, motion sensor 26, patient position
sensor 28, and optionally other components of the sensor
member 12. A power pathway 32 of the flexible tether 18
conveys electrical power from the electrical power source 30
of the neck collar 14 to the sensor member 12. Because a
battery, batteries, or other electrical power sources tend to be
relatively heavy and bulky, disposing the electrical power
source 30 on or in the neck collar 14 so that the electrical
power source can be omitted from the remote sensor member
12 enables substantial reduction in size and weight of the
remote sensor member 12. However, it is also contemplated
to provide an electrical power source on the remote sensor
member.

[0029] Insimilar fashion, sensor signals from the biometric
sensors 20, 22, 24, 25 and from the motion sensor 26 or the
patient position sensor 28 are conveyed from the remote
sensor member 12 to the neck collar 14 by a data communi-
cation pathway 34 of the flexible tether 18. In the illustrated
embodiment, the sensor data is conveyed as analog sensor
signals which are converted to digital signal samples by a
sensor signals analog-to-digital (A/D) converters 36. Dispos-
ing the A/D converters 36 on or in the neck collar 14 rather
than on or in the remote sensor member 12 again reduces
weight and bulk of the remote sensor member 12; however, it
is contemplated to dispose A/D converters on or in the remote
sensor member so as to enable the remote sensor member to
directly output digital sensor signal samples.

[0030] Theneck collar 14 provides a platform for disposing
various types of electronics for the biometric sensor 10. For
example, a digital processor 40, such as a microprocessor,
microcontroller, or so forth, configured to perforin executable
instructions (such as software or firmware) stored in an
executable memory 42 such as a read-only memory (ROM),
programmable read-only memory (PROM), FLASH
memory, or so forth can be included to perform various data
processing tasks. For example, the digital processor 30 can be
used in conjunction with a system clock 44 to time-stamp the
digital sensor signal samples output by the A/D converters 36.
In other embodiments, a time-stamping algorithm is inte-
grated into the A/D converters so that they directly output
time-stamped digital sensor signal samples. The time-
stamped digital samples can be stored in a data storage 46,
such as an electrostatic memory, FLASH memory, random-
access memory (RAM), or so forth to provide trending data
for the monitored biometric parameters.

[0031] The stored time-stamped digital sensor signal
samples can be off-loaded to a hospital computer or other
device using a wireless transceiver 48 employing a wireless
electromagnetic, infrared, or other wireless communication
channel. Alternatively; the neck collar 14 can include a suit-
able port built into the electronics module 16, such as a USB
port (not shown), to enable a hospital computer or other
device to temporarily connect with the neck collar 14 to
off-load the stored time-stamped digital sensor signal
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samples. Such a wired or wireless connection 48 can also
optionally be used for communicating data to the biometric
monitor 10, such as for remotely silencing an alarm, or for
remotely changing alarm limits, or for receiving a firmware
update, or for receiving configuration information for config-
uring the biometric monitor 10 respective to a patient. Such
configuration information may include, for example, patient
identification information (e.g., name, primary physician,
insurance information, or so forth), patient weight, or so
forth. Configuration information may also include functional
parameters, such as a selection of which of the biometric
sensors 20, 22, 24, 25 should be performing active monitor-
ing. The configuration information may be stored in the data
storage 46 or in a separate storage (not shown). Depending
upon the purpose served, the wireless transceiver 48 may be
replaced by a transmit-only unit (e.g., if the only application
is off-loading trending data) or by a receive-only unit (e.g., if
the only application is receiving alarm limits or alarm silence
commands, or receiving patient or configuration data).

[0032] Typically, it is desirable to have a real-time output,
in addition to or instead of the stored trending data that is later
off-loaded. In the illustrated embodiment, a display 50, such
asan LED or LCD display, shows the blood oxygen saturation
(currently showing at 98.3% in FIG. 1) and the heart rate
(currently showing at 84 bpm). The heart rate is readily
derived from the sensor signal of the SpO, sensor 20 using a
known heart rate derivation algorithm performed by the digi-
tal processor 40. The display 50 is arranged on the electronics
module 16 so that it is readable when the neck collar 14 is
worn by a patient. This allows for the complete patient moni-
tor to always be with an ambulating patient. The illustrated
embodiment also includes an audio alarm 52, and the digital
processor 40 is configured to activate the audio alarm 52
responsive to a biometric sensor signal or signals correspond-
ing to a vital sign or vital signs satisfying an alarm criterion.
For example, if the blood oxygen saturation drops below a
threshold value such as 90%, the alarm may be configured to
activate, or if the heart rate exceeds a threshold value such as
150 bpm the alarm may be configured to activate. Should both
ofthese above stated conditions occur simultaneously, amore
serious alarm may be configured to activate. Instead of or in
addition to the audio alarm 52, the digital processor 40 may be
configured to cause the wireless transceiver 48 to output a
suitable warning signal that is detectable and interpretable by
wireless receivers disposed throughout the hospital.

[0033] The illustrated example biometric monitor 10
includes numerous features, such as the visual display 50,
audio alarm 52, components 46, 48 for storing and off-load-
ing trending biometric data, and so forth. The inclusion of
these numerous features is enabled by using the neck collar 14
to support most components implementing these features, so
that the remote sensor member 12 can remain lightweight.
Thus, the advantages of having an in-ear sensor member
(such advantages including, for example, core body, versus
skin, temperature monitoring, reduced ambient light interfer-
ence, reduced motion artifacts compared with sensor mem-
bers disposed on the arm, or hand, or finger, and so forth) are
retained without commensurate limitations on the size or
bulkiness of components driving the biometric sensors or
processing sensor data. The ear sensor member can be an
in-ear sensor member, or can mount over-the-ear, or can clip
onto the ear lobe, or so forth. For SpO, measurements, an ear
lobe clip arrangement can be convenient and effective for
acquiring accurate SpO, measurements. The in-ear arrange-
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ment is especially good for core body temperature and SpO2
measurements. It is contemplated for the in-ear sensor mem-
ber to include two or more vital sign parameters, such as SpO,
and core body temperature. The flexible tether 18 optionally
also includes an earlobe clip 56 or other feature for securing
the tether 18 to the earlobe to reduce motion artifacts caused
by head movement and reduce the likelihood that head move-
ment may dislodge the ear sensor member 12.

[0034] Without the tether, it is difficult to convey electrical
power from the neck collar to the remote sensor member,
although the use of wireless power-carrying electromagnetic
power transmissions is contemplated. In some embodiments
the remote sensor member may be adequately powered by a
small on-board electrical power source, such as a battery or
batteries commonly used in in-the-ear style hearing aids. In
such embodiments, such as an active electrocardiographic
electrode or electrodes, it is contemplated to employ a wire-
less low power communication link operatively connecting
the remote sensor member and the electronics of the neck
collar. Some suitable wireless low power communication
links may employ a Bluetooth protocol, a body-coupled com-
munication protocol, or so forth. The on-board power source
of the remote sensor member should then produce sufficient
power to drive both the biometric sensor or biometric sensors
and the on-board transmitter that conveys the sensor data to
the neck collar. Such an arrangement retains the benefit of
placing the electronics and output and/or tending/off-loading
elements on the neck collar, thus substantially reducing the
size and weight of the remote sensor member.

[0035] Insome embodiments, only some of the outputs 48,
50, 52 are provided. For example, the biometric monitor may
include only a visual display. Ifthe trending aspect is omitted,
then time-stamping of digital sensor signal samples is also
optionally omitted. Those skilled in the art may also choose to
incorporate other features which take advantage of the flex-
ibility provided by the neck collar-based electronics. In some
embodiments, the neck collar display 50 may include addi-
tional textual data, for example patient information and/or
special instructions for patient care. The neck collar 14 can
also include some of the biometric sensors, such as example
neck collar based sensors 53, rather than placing all sensors
on the remote sensor member 12. The additional neck collar
based sensors 53 may include, for example, electrocardio-
graphic electrodes, a sudden infant death syndrome (SIDS)
detector, a reflective SpO, sensor, a body temperature sensor,
non-invasive pulse/pressure sensors, or so forth. A tempera-
ture sensor can be included in the neck collar so that the
electronics are operational only when the temperature corre-
sponds to body temperature (thus indicating that the collar is
actually being worn by a patient). It is also contemplated to
include a hearing aid in the remote sensor member, with
power for driving the hearing aid supplied by the neck collar
via the power pathway 32. Speakers can also be provided for
converting remote electronic communications, such as music
or instructions, into sound. In some embodiments, it is con-
templated for the remote sensor member 12 to be detachable
from the flexible tether 18, or detachable from the neck collar
14, and to be disposable. In such embodiments, each patient
receives a new disposable sensor member. In some embodi-
ments it is also contemplated for the neck collar 14 to be
detachable from the electronics 16 and to be disposable. In
such embodiments, each patient receives a reusable electron-
ics attached to a disposable neck collar.
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[0036] In another contemplated option, a light emitting
device, such as a light emitting diode (LED) 54 is provided
and configured to flash at a frequency corresponding with the
heart rate derived from the signal acquired from the SpO,
sensor 20. The corresponding flash rate can be equal to the
heart rate (e.g., a heart rate of 80 bps producing 80 flashes per
minute) or can be a fraction of the heart rate (e.g., the LED 54
may flash once for every five heart beats). While the illus-
trated biometric monitor 10 is intended for medical monitor-
ing, itis also contemplated to design the biometric monitor 10
as a fashion accessory. For such an application, it is contem-
plated to have the flashing LED as the principal output. In
such an application, the LED may be large, especially bright,
or may comprise an array of LEDs, or may be configured to
have different LEDs light at different heart rates (for example,
flashing yellow LEDs at normal heart rates and red LEDs at
elevated heart rates to indicate increased excitement). Such
fashion devices are expected to be suitable for use in dance
clubs or other fashionable settings, or for general wear at
work, school, or recreation.

[0037] The LED 54 can be located instead or additionally
on the remote ear-based sensor member 12. In some embodi-
ments, the remote sensor member includes vital signs sensors
such as pulse rate, SpO,, blood pressure, or so forth, along
with a battery or other power supply, and a digital processor
for processing data from the sensors and for flashing or oth-
erwise controlling one or more LEDs disposed on the ear-
mounted sensor member. For example, the processor may
cause the LED to flash or blink in correspondence with the
heart rate, or to light or change color as one or more vital signs
crosses a danger threshold. Such a device may be useful, for
example, in triaging injured persons in a disaster situation.
[0038] FIG.1shows in phantom an optional second remote
ear-based sensor member 12' connected with the flexible
tether 18 by a “Y” split. The optional second ear sensor
member 12' can be used in conjunction with the ear sensor
member 12 to provide both left and right ear sensor members
12,12'. This arrangement can be used to provide redundancy
in case a sensor in one of the ear sensor members fails.
Additionally or alternatively, providing left and right ear sen-
sor members can increase patient comfort by providing sym-
metry. In some embodiments, the left and right ear sensor
members 12, 12' are used in conjunction with processing
performed by the digital processor 40 to generate a differen-
tial signal based on left and right signals received from left
and right biometric sensors disposed in the left and right ear
sensor members 12, 12', respectively. Such a differential sig-
nal can be useful in electrocardiographic measurements, arte-
rial blood pressure measurements, and so forth. Alternatively
to the “Y” split, the tether can include two separate tethers so
that the second ear sensor member 12' can be attached directly
to the collar 64 or electronics box 16 at a separate location.

[0039] Tests of various neck collars for use in the biometric
monitor have shown that design of the neck collar can sub-
stantially impact patient comfort and mobility. It has been
found that providing an open front portion 60 is advantageous
both in terms of ease of application and patient comfort and to
provide a gap for oxygen tubes and so forth. It has been found
that a relatively large opening 60 is suitable. For example,
having the neck collar 14 extend greater than 180° and less
than about 200° around the neck provides sufficient retention
of the neck collar 14 without pinching the front of the
patient’s throat. In some embodiments, the neck collar 14
extends greater than about 90° and less than about 330°

Jul. 15,2010

around the neck, or more preferably about 135° and less than
about 270° around the neck, or most preferably about 180°
and less than about 200° around the neck. Additionally, it has
been found that suppressing rotation of the neck collar 14
around the neck is advantageous to promoting patient com-
fort. Toward this end, the neck collar 14 includes a central
metal portion 62 and polymer-coated, e.g., PlatSil®-coated
end portions 64, 66 that cling to the neck to suppress rotation.
Additionally, providing an adjustable collar size is advanta-
geous to promoting comfort. Toward this end, the neck collar
14 includes a post-and-holes system with holes 68 for adjust-
ing the position of connection of the PlatSil® polymer-coated
end portions 64, 66 to the central metal portion 62.

[0040] With reference to FIGS. 3-9, other neck collar
designs have been found to enhance patient comfort. FIG. 3
shows a biometric monitor 110 with a neck collar 114 that
includes slidably adjustable portions 164, 166 to provide a
continuous collar size adjustment. The biometric monitor 110
also includes a mechanical stopper 56' in place of the earlobe
clip 56 of the biometric monitor 10 of FIG. 1 to stabilize the
flexible tether 18 and preclude accidental over-insertion of
the ear-based remote sensor member 12 into the ear canal.
FIG. 4 shows a minimum collar size arrangement 114, and
amaximum collar size arrangement 114, of the neck collar
114.

[0041] FIGS.5-7 show another suitable neck collar 214 that
is similar to the neck collar 14 except that the discrete post-
and-holes collar size adjustment is replaced by a sliding
adjustment in which polymer-coated end portions 264, 266
slidably adjust on a central metal portion 262. FIG. 5 shows
the neck collar 214 adjusted to minimum collar size, while
FIG. 6 shows the neck collar 214 adjusted to maximum collar
size. FIG. 7 shows the neck collar 214 further including an
optional cover 270 for covering the portion of the central
metal region 262 of the neck collar 214 that is exposed by the
sliding collar size adjustment. The cover 270 can enhance
patient comfort, and optionally has a high-friction surface to
further inhibit neck collar rotation.

[0042] FIG. 8 shows another suitable neck collar 314,
which does not have an adjustable collar size, but which does
include a slidable bracket 370 for slidably positioning and/or
detaching the electronics module 16 anywhere along the col-
lar 314. It is also contemplated to include both an adjustable
collar size and a slidably movable and/or detachable electron-
ics module. Moreover, although not illustrated it is contem-
plated to dispose the electronics on a flexible circuit board
that is integrated into the neck collar, so that the separate
electronics module 16 can be omitted. The electrical power
source in such arrangements can be either a set of small
batteries or a thin-film flexible battery. Such a distributed
arrangement is expected to further enhance patient comfort.
[0043] FIG. 9 shows another suitable neck collar 414 which
includes a central metal portion 462 and polymer-coated end
portions 464, 466 that cling to the neck to suppress rotation. In
this embodiment the central metal portion 462 is deformable
to fit the patient’s neck. The electronics module 16 is suitably
attached by the slidable bracket 370 of FIG. 8, or by a fixed
bracket. The central metal portion 462 acts as a custom-
bendable stiffener to enable the neck collar 414 to be
deformed to comport with any of the illustrated embodiments
or other related embodiments.

[0044] With returning reference to FIG. 1, in addition to
patient comfort, it is advantageous to take measures to ensure
that the biometric data are accurate. It has been found that
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certain measurements, such as the heart rate derived from the
sensor signal of the SpO, 20, are sensitive to head movement.
Including the motion sensor 26 provides a mechanism for
accounting for such motion-related error.

[0045] With reference to FIG. 10, a suitable method imple-
mented by the digital processor 40 is described, which makes
accounts for error in the heart rate derived from the sensor
signal of the SpO, sensor 20 caused by head movement
sensed by the motion sensor 26. A heart rate calculator algo-
rithm 500 is performed to derive the heart rate from the SpO,
sensor signal. Based on the signal produced by the motion
sensor 26, a decision block 502 determines whether the
derived heart rate is reliable. For example, the derived heart
rate may be deemed reliable if the absolute detected motion is
less than a threshold value, and may be deemed unreliable if
the absolute detected motion exceeds the threshold value.
Alternatively, the motion sensor signal may be used only
when the derived SpO2 sensor signal quality is below a given
threshold. If the derived heart rate is deemed to be reliable,
then the newly derived heart rate reading is stored 504 in the
data storage 46; otherwise, it is not stored. The display 50 then
displays 506 the last stored heart rate reading. Since the
storing operation 504 stores only reliable heart rate readings,
this displaying 506 displays only reliable heart rate readings,
albeit possibly with some time lag involved if the most recent
heart rate reading was deemed to be unreliable. Rather than
discarding unreliable heart rate readings, it is also contem-
plated to perform a correction of unreliable heart rate read-
ings, for example using suitable filtering and utilizing signal
quality measurements. Additionally, it is contemplated that
the unreliable data will be stored and have value during prod-
uct development and in research applications. With continu-
ing reference to FIG. 10, signals obtained from the motion
sensor 26 may also be utilized by decision block 503 to detect
that a patient has fallen and call a fallen patient alarm 510.

[0046] Withreference to FIG. 11, signals obtained from the
motion sensor 26 and position sensor 28 may be utilized to
determine the position and ambulating activity (if any) of the
patient. In example FIG. 11, the output of the position sensor
28 is used by a decision block 602 to determine whether the
patient is sitting or standing. If the patient is sitting or stand-
ing, then an ambulating activity decision block 604 processes
the output of the motion sensor 26 to determine whether the
patient is walking 606 or sitting 608. Such ambulating activ-
ity, or lack thereof, is suitably logged into the data storage 46
by an activity logger 610. On the other hand, if the decision
block 602 determines that the patient is neither standing nor
sitting, then the patient’s position is optionally more precisely
determined. For example, high-Fowler, raid-Fowler, low-
Fowler, supine, and Trendelenberg decision blocks 612, 614,
616, 618, 620, respectively, suitably determine whether the
patient is in the high-Fowler position 622, mid-Fowler posi-
tion 624, low-Fowler position 626, supine position 628, or
Trendelenberg position 630, respectively. A position logger
632 suitably logs the position of the patient into the data
storage 46. The ambulating activity and position logging pro-
vides valuable feedback about patient positions and physical
activity to the care providers. This information is optionally
used to assist with correlating specific physiological alarms
with patient activity as well as to determine the well-being of
the patient and assessing discharge possibilities. The body
position signal information is optionally also utilized by a
parameter correction 634 to automatically correct parameter
calculations. For example, the noninvasive arterial blood
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pressure parameter can automatically correct itself by know-
ing whether the patient is sitting upright, sitting in one of the
Fowler positions, or is lying in a supine position.

[0047] The invention has been described with reference to
the preferred embodiments. Obviously, modifications and
alterations will occur to others upon reading and understand-
ing the preceding detailed description. It is intended that the
invention be construed as including all such modifications
and alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

1. A biometric monitor comprising:

at least one remote sensor member including one or more
biometric sensors configured for operative coupling
with a patient;

a neck collar including electronics for operating with the
remote sensor member, the remote sensor member being
separate from and not disposed on the neck collar, the
neck collar optionally also including one or more addi-
tional biometric sensors disposed with the neck collar;
and

a communication link operatively connecting the remote
sensor member and the electronics of the neck collar.

2. The biometric monitor as set forth in claim 1, wherein
the at least one remote sensor member includes an ear sensor
member configured to couple with a patient’s ear, the ear
sensor member or neck collar including at least a motion
sensor configured to sense head movement.

3. The biometric monitor as set forth in claim 2, wherein
the one or more biometric sensors includes an SpO, sensor,
and the electronics of the neck collar are configured to derive
a heart rate from a signal acquired from the SpO, sensor
including accounting for error in the heart rate caused by head
movement sensed by the motion sensor.

4. The biometric monitor as set forth in claim 3, wherein
the electronics of the neck collar are configured to account for
error in heart rate by correcting heart rate information derived
from the signal acquired by the SpO, sensor during head
movement sensed by the motion sensor.

5. The biometric monitor as set forth in claim 3, wherein
the neck collar further includes:

a light emitting device, the electronics being configured to
operate the light emitting device inresponse to the signal
acquired from one or more biometric sensors.

6. The biometric monitor as set forth in claim 2, wherein

the motion sensor includes one or more accelerometers.

7. The biometric monitor as set forth in claim 2, wherein
the motion sensor and electronics is capable of detecting that
the patient has fallen and annunciates a fallen patient alarm.

8. The biometric monitor as set forth in claim 1, wherein
the at least one remote sensor member includes an ear sensor
member configured to couple with a patient’s ear, the ear
sensor member or neck collar including at least a body posi-
tion sensor and electronics that is capable of detecting that the
patient is sitting/standing upright, sitting in a Fowler position,
or lying in a supine position.

9. The biometric monitor as set forth in claim 8, wherein
the position sensor, and electronics is capable of determining
body position and utilizing the determined body position to
automatically correct a biometric parameter for body posi-
tion.

10. The biometric monitor as set forth in claim 8, wherein
the motion sensor, the position sensor, and electronics are
configured to detect and log patient activity and body posi-
tion.
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11. The biometric monitor as set forth in claim 1, wherein
the communication link includes:

a flexible tether connecting the at least one remote sensor

member and the neck collar, the flexible tether including
a data communication pathway conveying sensor data
from at least the one or more biometric sensors of the at
least one remote sensor member to the electronics of the
neck collar.

12. The biometric monitor as set forth in claim 11, wherein
the at least one remote sensor member includes an ear sensor
member configured to couple with a patient’s ear preferably
configured to be mounted within the patient’s ear canal.

13. The biometric monitor as set forth in claim 11, wherein
the at least one remote sensor member does not include an
electrical power source, and the neck collar further includes:

an electrical power source disposed on or in the neck collar,
the flexible tether connecting the at least one remote
sensor member and the neck collar further including a
power pathway conveying electrical power from the
electrical power source of the neck collar to the at least
one remote sensor member to electrically power at least
one biometric sensor of the remote sensor member.

14. The biometric monitor as set forth in claim 11, wherein
the sensor data is conveyed along the data communication
pathway as one or more analog electrical sensor signals, and
the electronics of the neck collar include:

one or more analog-to-digital converters that receive the
one or more analog electrical sensor signals and convert
said one or more analog electrical sensor signals to digi-
tal electrical sensor signal samples.

15. The biometric monitor as set forth in claim 1, wherein
the at least one remote sensor member includes a battery for
electrically powering at least the one or more biometric sen-
sors of the remote sensor member.

16. The biometric monitor as set forth in claim 1, wherein
the electronics of the neck collar include:

a data storage storing sensor signals received from the one
or more biometric sensors as time-stamped sample val-
ues; and

awireless receiver, transmitter, or transceiver configured to
perform at least one of (i) off-loading content of the data
storage from the biometric monitor and (ii) receiving
configuration information for configuring the biometric
monitor.

17. The biometric monitor as set forth in claim 1, wherein

the neck collar further includes at least one of:

an alarm, the electronics of the neck collar being config-
ured to activate the alarm responsive to a signal or sig-
nals from one or more of the biometric sensors satisfying
an alarm criterion; and

adisplay arranged on the neck collar to be readable with the
neck collar installed on a neck, the electronics being
configured to operate the display based on at least one
sensor signal acquired from the one or more biometric
sensors.

18. The biometric monitor as set forth in claim 1, wherein
the electronics are one of (i) disposed in an electronics mod-
ule attached to the neck collar and (ii) disposed on a flexible
circuit board integrated into the neck collar.
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19. The biometric monitor as set forth in claim 1, wherein
the neck collar is at least one of adjustable in size, configured
to suppress rotation of the neck collar around the neck, open
in a front portion, custom bendable, and coated at least in part
with a coating that resists both sticking to the neck and sliding
on the neck, and the remote sensor member operatively
couples with the patient at one of: inside the ear canal, inside
the concha of the outer ear, the outer ear or earlobe, the
forehead, the nose, the cheek, the tongue, the wrist, the arm,
the belly-button or stomach, the ankle.

20. The biometric monitor as set forth in claim 1, wherein
the neck collar extends greater than about 90° and less than
about 330° around the neck, or more preferably about 135°
and less than about 270° around the neck, or most preferably
about 180° and less than about 200° around the neck.

21. A biometric monitor comprising:

a sensor member including (i) one or more biometric sen-
sors configured to couple with a patient at a coupling
point, and (ii) a motion sensor disposed with the one or
more biometric sensors to sense movement at the cou-
pling point; and

electronics configured to account for error in a signal pro-
duced by the one or more biometric sensors due to move-
ment sensed by the motion sensor.

22. The biometric monitor as set forth in claim 21, further

comprising:

aneck collar supporting the electronics, the sensor member
being remote from the neck; and

a tether operatively connecting the remote sensor member
and the neck collar.

23. A biometric monitor comprising:

one or more vital signs sensors configured for operative
coupling with a user;

a light emitter; and

control circuitry controlling blinking of the light emitter in
accordance with the sensed vital signs.

24. The biometric monitor as set forth in claim 23, wherein
the control circuitry changes a color of the light emitted by the
light emitter responsive to the sensed vital signs crossing a
selected threshold.

25. The biometric monitor as set forth in claim 23, wherein
the sensed vital sign that controls the blinking light is at least
one of: pulse, blood oxygen, respiration, temperature.

26. The biometric monitor as set forth in claim 23, wherein
the location of operative coupling is one of: inside the ear
canal, inside the concha of the outer ear, the outer ear or
earlobe, the forehead, the nose, the cheek, the tongue, the
neck, the wrist, the arm, the belly-button or stomach, the
ankle.

27. The biometric monitor as set forth in claim 23, wherein
the blinking of the light emitter corresponds with a sensed
heart rate.

28. The biometric monitor as set forth in claim 1, wherein
the communications link is one of: unshielded single or multi-
conductor wire, shielded single or multi-conductor wire,
wireless electromagnetic transmissions, one or more fiber
optics.
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