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SYSTEMS AND METHODS FOR
IDENTIFYING PATIENT TALKING DURING
MEASUREMENT OF A PHYSIOLOGICAL
PARAMETER

[0001] The present disclosure relates to physiological sig-
nal processing, and more particularly relates to systems and
methods for identifying patient talking during measurement
of a physiological parameter.

SUMMARY

[0002] A method for processing a sound signal comprises
receiving a sound signal from a sensor that senses sound from
a patient, determining, with processing equipment, respira-
tion information based on the sound signal, identifying, with
the processing equipment, a speech portion of the sound
signal, determining, with the processing equipment, a confi-
dence value associated with the respiration information based
on the speech portion, and generating, with the processing
equipment, a respiration information value based at least on
the confidence value and the respiration information.

[0003] A non-transitory computer-readable storage
medium for processing a sound signal has computer program
instructions recorded thereon for receiving a sound signal
from a sensor that senses sound from a patient, determining
respiration informationbased on the sound signal, identifying
a speech portion of the sound signal, determining a confi-
dence value associated with the respiration information based
on the speech portion, and generating a respiration informa-
tion value based at least on the confidence value and the
respiration information.

[0004] A monitoring unit comprises processing equipment
configured to receive a sound signal from a sensor that senses
sound from a patient, determine respiration information
based on the sound signal, identify a speech portion of the
sound signal, determine a confidence value associated with
the respiration information based on the speech portion, and
generate a respiration information value based at least on the
confidence value and the respiration information.

BRIEF DESCRIPTION OF THE FIGURES

[0005] The above and other features of the present disclo-
sure, its nature and various advantages will be more apparent
upon consideration of the following detailed description,
taken in conjunction with the accompanying drawings in
which:

[0006] FIG. 1 shows an illustrative patient monitoring sys-
tem in accordance with some embodiments of the present
disclosure;

[0007] FIG. 2 is a block diagram of the illustrative patient
monitoring system of FIG. 1 coupled to a patient in accor-
dance with some embodiments of the present disclosure;
[0008] FIG. 3 shows illustrative steps for determining res-
piration information and identifying talking of a patient in
accordance with some embodiments of the present disclo-
sure;

[0009] FIG. 4 shows illustrative steps for identifying
patient talking in accordance with some embodiments of the
present disclosure; and

[0010] FIG. 5 shows illustrative steps for determining res-
piration information in accordance with some embodiments
of the present disclosure.
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DETAILED DESCRIPTION OF THE FIGURES

[0011] Inamedical setting a sound signal may be generated
by a microphone or other sensor based on sounds emanated
by a patient. The sound signal may include speech, audible
sounds, and other sounds that may not be audible but may be
detected by an appropriate device.

[0012] Respiration is one physiological function that may
be monitored by a patient monitoring system based on a
sound signal generated by a microphone based on sounds
emanated by a patient. While the patient is at rest, aspects of
the sound signal unrelated to respiration may be minimal, or
may be easily identified. When a patient is active or talking, it
may be more difficult to identify aspects of the sound signal
that relate to respiration, and the normal pattern of respiration
may be changed based on the airflow due to the patient’s
activity (e.g., due to talking). In accordance with some
embodiments of the present disclosure, portions of the sound
signal that are related to talking may be identified by the
patient monitoring system. The presence of patient talking
may be indicated by patient monitor, for example on a display.
In some embodiments, the processing of the sound signal to
determine respiration may be modified to compensate for the
patient talking.

[0013] For purposes of brevity and clarity, the present dis-
closure is written in the context of generating a sound signal
based on sounds emanated from a patient, determining respi-
ration information such as respiration rate from the sound
signal, and identifying patient talking from the sound signal.
It will be understood that any suitable physiological signal
(e.g., photoplethysmograph (PPG), blood pressure, patient
air flow, any other suitable signal, or any combination thereof)
may be used in place of or in addition to the sound signal in
accordance with the teachings of the present disclosure. It
will also be understood that any other suitable physiological
parameter may be determined in place of or in addition to
respiration rate, or that an identification of patient talking may
be performed in accordance with the teachings of the present
disclosure without also determining additional physiological
parameters. For purposes of brevity and clarity, the present
disclosure refers to patient talking. Patient talking may refer
to any audible sounds of a patient in addition to understand-
able speech.

[0014] FIG. 1isaperspective view of an am embodiment of
apatientmonitoring system 10. System 10 may include moni-
toring unit 12 and a microphone 20. Monitoring unit 12 may
provide for any suitable functionality, including user inter-
face, data communications, interface with physiological sen-
sors such as microphone 20, any other suitable functionality,
or any combination thereof. Although a particular configura-
tion of monitoring unit 12 is described herein it will be under-
stood that the monitoring unit 12 may be implemented in any
suitable manner.

[0015] In some embodiments, monitoring unit 12 may be
implemented on a tablet-type computer unit, including a
touch screen 14, speaker 16, power/wake button 18, and com-
munication interface 24. It will be understood that any suit-
able device including suitable user interface, display, data
inputs, and communication interfaces may be utilized in
accordance with the present disclosure. In some embodi-
ments, a personal computer, smart phone, or other standard
computing device may implement the systems and methods
described herein. In some embodiments, the systems and
methods described herein may be implemented in a custom



US 2014/0276165 Al

patient monitor, for example, to implement the specific func-
tionality described herein or in combination with other
patient monitoring functions.

[0016] As is described herein, monitoring unit 12 may ana-
lyze physiological information such as sound information
received from microphone 20 to identify physiological infor-
mation such as respiration rate and conditions such as patient
talking. In some embodiments, a time series of respiration
data related to inhalation and exhalation may be obtained and
stored at monitoring unit 12. Although the respiration infor-
mation may be determined from the respiration data in any
suitable manner, in some embodiments, respiration informa-
tion may be determined directly (e.g., by identifying sounds
related to exhalation and inhalation), indirectly (e.g., by iden-
tifying changes in audible sounds due to respiration), in any
other suitable manner, or any combination thereof. As is
described herein, monitoring unit 12 may identify patient
talking based on speech recognition, changes in respiration
patterns, or a trained classifier (e.g., a classifier that identifies
patient talking based on training information such as sound
patterns that conform to patient talking, patient speech and
sound characteristics, or any combination thereof).

[0017] Although a microphone is described herein, it will
be understood that any other suitable sensor or combination
of sensors may be used in addition to microphone 20 in
accordance with the embodiments described herein. For
example, in some embodiments respiration information such
as respiration rate may be determined by one or more addi-
tional sensors in combination with or in place of microphone
20. Exemplary sensors may produce capnography signals,
plethysmograph signals, trans-thoracic impedance signals,
flow signals, thermistor signals, displacement signals (e.g.,
from chest or abdomen bands), any other suitable signals, or
any combination thereof.

[0018] Insomeembodiments, touch screen 14 may provide
a touch screen interface for users of monitoring unit 12.
Although touch screen 14 may be configured in any suitable
manner, in some embodiments, touch screen 14 may include
menu 22, respiration waveform 26, respiration rate portion
28, alarm window 30, and patient alarm portion 32. Although
monitoring unit 12 may be configured to determine any suit-
able physiological parameters based on any suitable sensor or
data inputs, in some embodiments monitoring unit 12 may
calculate respiration rate based on information received from
microphone 20. In some embodiments respiration rate may be
calculated at microphone 20, at an intermediate processing
unit (not depicted), or at a remote processing unit (e.g., a
remote computer or server) accessed via a communication
link established by communication interface 24.

[0019] Microphone 20 may be any suitable microphone or
combination of microphones that generates an electrical sig-
nal based on sounds received from a patient. Although micro-
phone 20 is depicted as being physically coupled to monitor,
it will be understood that electrical signals from microphone
20 may be transmitted to monitoring unit 12 in any suitable
manner. In some embodiments, signals from microphone 20
may be transmitted wirelessly to an audio receiver of moni-
toring unit 12 (not depicted), converted to digital data and
transmitted using standard communications protocols to
monitoring unit 12 (e.g., via communication interface 24)
(not depicted), or transmitted in any other suitable manner.
[0020] Microphone 20 may be located at any suitable loca-
tion relative to a patient. In some embodiments, microphone
may be located in a manner such that it is capable of receiving
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sounds related to patient airflow in addition to audible speech
and noises. In some embodiments microphone 20 may be
configured to receive a range of sounds including human
speech, audible non-speech sounds, sounds that are directly
indicative of respiration (e.g., airflow from breathing), modu-
lations of speech or other human sounds caused by respira-
tion, any other suitable sounds, or any combination thereof.
[0021] In some embodiments, respiration waveform 26
may be a waveform that is indicative of a patient’s inhalation
and exhalation as determined by monitoring unit 12. Respi-
ration waveform 26 may be scaled in any suitable manner
(e.g., based on selections of menu 22) for display, and may
display real time data, stored respiration waveforms or other
stored respiration information (e.g., a time-trend of respira-
tion rate measurements) stored within memory of monitoring
unit 12, or any other suitable information relating to respira-
tion. It will also be understood that information relating to any
other suitable physiological parameters may be displayed as
awaveform in place of or in addition to respiration waveform
26.

[0022] Although any suitable physiological parameters
may be displayed in accordance with the present disclosure,
in some embodiments, a patient’s respiration rate may be
displayed on respiration rate display portion 28. Although a
physiological parameter such as respiration rate may be dis-
played in any suitable manner, in some embodiments a value
for the respiration rate may be displayed in breaths per
minute, and the respiration rate portion 28 may flash when the
calculated respiration rate falls outside of one or more prede-
termined limits (not depicted) which may be set, for example,
by accessing menu 22. Although predetermined limit viola-
tions may be determined in any suitable manner, in exemplary
embodiments the respiration rate limit may include an upper
and lower limit. In some embodiments an alarm may be set to
sound only after the alarm limit is violated for a predeter-
mined time period, based on the degree of the respiration rate
violation and the duration of the respiration rate violation,
based on the rate of change of respiration rate, based on any
other suitable parameters, or any combination thereof.
[0023] Insomeembodiments, patient alarm portion 32 may
provide alarms or other notifications (e.g., as text notifica-
tions as depicted in the alarm portion 32 in FIG. 1) as well as
an indication of the severity or degree of the condition that
caused the alarm or notification (e.g., as depicted by the
shaded bars of alarm portion 32 in FIG. 1). Although any
suitable alarms or notification may be indicated within alarm
portion 32, in some embodiments a notification of patient
talking may be provided as a text notification and a severity
indicator indicative of the impact that the patient talking has
on the ability of the patient monitor to accurately determine a
physiological parameter such as respiration rate. In some
embodiments, different types of alarms relating to patient
talking may be indicated by different alphanumeric displays,
alarm colors, icons, or any combination thereof.

[0024] Insome embodiments, alarm window 30 may over-
lay respiration waveform 26 to provide an indication of when
an alarm or notification occurs relative to respiration wave-
form 26. Although any suitable alarms or notification may be
indicated by alarm window 30 in this manner in accordance
with the present disclosure, in some embodiments alarm win-
dow 30 may appear when the respiration rate falls outside of
predetermined limits or when a patient is talking. In some
embodiments, alarm window 30 may be displayed with res-
piration waveform 26 for recently received data, as well as for
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any respiration waveform 26 for stored respiration waveform
data or respiration trend data (e.g., stored respiration rate
trend data). Although alarm window 30 may be displayed in
any suitable manner, in some embodiments alarm window 30
may be a shaded area that overlays the portion of respiration
waveform 26 or respiration trend data that is associated with
the alarm or notification. In some embodiments, different
alarm types (e.g., respiration rate alarms, respiration rate
upper limit alarms, respiration rate lower limit alarms, patient
talking, and indications of patient talking that compromises
the quality of the respiration rate determination) may be indi-
cated in different manners, such as by changing the color of
alarm window 30. Although multiple alarm or notification
types may be displayed simultaneously in any suitable man-
ner, in some embodiments, any portion of alarm window 30
that is associated with multiple alarms or notifications may
display both colors simultaneously, for example, as inter-
spersed colored bars within alarm window 30 (not depicted).

[0025] In some embodiments, alarm window 30 may be
indicative of patient talking. Although an alarm window 30
related to patient talking may be displayed in any suitable
manner, in some embodiments alarm window 30 may overlay
a portion of a signal that coincides with a determination that
the patient is talking. The alarm window 30 may also indicate
severity of a talking condition, for example, based on the
color, size, or shading of alarm window 30. In some embodi-
ments, an alarm window 30 related to patient talking may be
displayed with the respiration waveform 26 representing cur-
rent respiration information of the patient. In some embodi-
ments, an alarm window 30 may be displayed with respiration
trend data relating to respiration information over time. For
example, arespiration trend may provide in table or graphical
form a representation of respiration trend data (e.g., respira-
tion rate values over time). In an exemplary graphical repre-
sentation, an alarm window 30 relating to patient talking may
be displayed overlaying portions of the respiration trend that
correspond to patient talking. In an exemplary table represen-
tation, an alarm window 30 relating to patient talking may be
displayed by shading table entries that correspond to patient
talking.

[0026] In some embodiments, menu portion 22 may
include menus that allow a user to input data, adjust settings,
change views, or interact with monitoring unit 12 in any
suitable manner. In some embodiments, menu portion 22 may
be implemented on touch screen 14, although it will be under-
stood that menu portion 22 may be implemented in any suit-
able manner based on available user input options (e.g., but-
tons, keyboard, mouse, track pad, voice recognition, any
other suitable user input, or any combination thereof) and
display type of monitoring unit 12. Although menu portion 22
may include any suitable menus or information, in some
embodiments menu portion 22 may include selectable menus
for “menu,” “settings,” and “patient,” an informational area
that includes messages to users (e.g., alarm information, help
menus, and status information), and information such as time
and date. The selectable menus of menu portion 22 may allow
a user to adjust any suitable parameters and perform any
suitable tasks for monitoring unit 12. Although any suitable
functionality may be implemented by menu portion 22, in
exemplary embodiments a user may be able to modify patient
information, adjust alarm limits, define parameters to be mea-
sured, view or download stored data, and communicate with
other devices (e.g., via voice, video, e-mail, or text messag-
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ing). In some embodiments, the options available through
menu portion 22 may be based at leastin part ona user’s login
credentials.

[0027] Although speaker 16 may beutilized in any suitable
manner, in some embodiments, speaker 16 may provide
audible sounds from monitoring unit 12 to enable monitoring
unit 12 to communicate with a patient or medical professional
and enable a user to communicate with other communication
devices orusers at other communication devices such as other
patient monitors, nurse stations, mobile telephones, or any
other suitable communication device. In some embodiments,
speaker 16 may provide audible tones or messages in
response to alarms or notifications (e.g., a notification ofalow
quality respiration signal caused by patient talking) as deter-
mined by monitoring unit 12. In some embodiments, the
pitch, sound level, and duration of an alarm or notification
may be modified based on alarm or notification type, alarm or
notification duration, alarm or notification severity, any other
suitable parameter related to alarms and notifications, or any
combination thereof. In some embodiments, speaker 16 may
provide spoken messages to a user, such as synthesized
speech or prerecorded messages associated with alarms, indi-
cations of patient talking, and user inputs.

[0028] Insome embodiments, communication interface 24
may provide for communication with devices external to
monitoring unit 12. Although any suitable communication
technologies may be implemented by communication inter-
face 24, in some embodiments, communication interface 24
may include wired technologies (e.g., Ethernet, USB,
FireWire, SCSI, and fiber networks), wireless technologies
(e.g., WiFi, 3G networks, 4G networks, infrared, and radio
frequency links), any other suitable communication technolo-
gies, or any combination thereof. It will be understood that
any suitable communications with any suitable external
devices may be performed via communication interface 24,
such as data downloads, exchange of patient information,
audio communications, video conferencing, and communi-
cation with other patient monitors and nurse stations.

[0029] FIG. 2 is a block diagram of a patient monitoring
system, such as patient monitoring system 10 of FIG. 1,
which may be coupled to a patient 40 in accordance with an
embodiment of the present disclosure. Although this disclo-
sure will be described with respect to a microphone measur-
ing a sound signal, it will be understood that any suitable
physiological measurement device may measure any suitable
parameters in accordance with the present disclosure. Certain
illustrative components of microphone 20 and monitoring
unit 12 are illustrated in FIG. 2.

[0030] Microphone 20 may include transducer 70 and
transmitter 72. Microphone 20 may be connected to a power
source, for example via a wired connection with monitoring
unit 12, or with an internal power source such as a battery
(e.g., for a wireless microphone (not depicted)). It will be
understood that microphone 20 may be any suitable micro-
phone type based on any suitable transducer 70 type, such as
condenser microphones, dynamic microphones, electret
microphones, piezoelectric microphones, fiber optic micro-
phones, laser microphones, micro electrical mechanical sys-
tem (MEMS) microphones, any other suitable microphone,
or any combination thereof. In some embodiments, multiple
microphones 20, multiple transducer 70 types, or any combi-
nation thereof, may be selected to better identify different
sound profiles (e.g., speech or respiration). Each transducer
70 may generate an electrical signal based on sound received
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atmicrophone 20, and an associated transmitter 72 may trans-
mitthe electrical signal output by transducer 70 to monitoring
unit 12.

[0031] In some embodiments, one or more of the compo-
nents described below with respect to monitoring unit 12
(e.g., amplifier 52, filter 54, A/D converter 56, any other
suitable component, or any combination thereof) may be
located at microphone 20. In this manner, the sound informa-
tion received at transducer 70 may be processed or partially
processed prior to being transmitted by transmitter 72 to
receiver 50 of monitoring unit 12. In some embodiments,
microphone 20 may include a processor and memory (not
depicted) to perform data processing and transmitting func-
tions (including some or all of amplifier 52, filter 54, A/D
converter 56, any other suitable component, or any combina-
tion thereof). Although any suitable processing may be imple-
mented at microphone 20, in some embodimernts sound sig-
nals converted to electrical signals by transducer 70 and
processed (e.g., by amplifier 52, filter 54, A/D converter 56,
any other suitable component, or any combination thereof)
may be converted into digital data for transmission to moni-
toring unit 12. Although sound information may be converted
into digital data in any suitable manner, in some embodiments
audio codecs, speech codecs, any other suitable speech pro-
cessing technique, or any combination thereof, may be used
to convert electrical sound information (e.g.. due to respira-
tion or speech) into digital data.

[0032] Signals from microphone 20 may be transmitted by
transmitter 72 to a receiver 50 of monitoring unit 12.
Although receiver 50 may receive any suitable sound signal in
any suitable form, in some embodiments the received signal
may be an electrical signal produced by transducer 70 of
microphone 20 or digital data representing a sound signal. In
some embodiments, receiver 50 or a plurality of receivers 50
may receive a plurality of signals associated with different
sound profiles (e.g., due to respiration and speech) for inde-
pendent or combined processing in accordance with the
present disclosure.

[0033] In the embodiment shown, monitoring unit 12 may
include a general-purpose microprocessor 62 connected to an
internal bus 60. Microprocessor 62 may be adapted to execute
software, which may include an operating system and one or
more applications, as part of performing the functions
described herein. Also connected to bus 60 may be a read-
only memory (ROM) 64, a random access memory (RAM)
66, user inputs 68, display 20, communication interface 24,
and speaker 16.

[0034] RAM 66 and ROM 64 are illustrated by way of
example, and not limitation. Any suitable computer-readable
media may be used in the system for data storage. Computer-
readable media are capable of storing information that can be
interpreted by microprocessor 62. This information may be
data or may take the form of computer-executable instruc-
tions, such as software applications, that cause the micropro-
cessor to perform certain functions and/or computer-imple-
mented methods. Depending on the embodiment, such
computer-readable media may include computer storage
media and communication media. Computer storage media
may include volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage of information such as computer-readable instruc-
tions, data structures, program modules or other data. Com-
puter storage media may include, but is not limited to, RAM,
ROM, EPROM, EEPROM, flash memory or other solid state
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memory technology, CD-ROM, DVD, or other optical stor-
age, magnetic cassettes, magnetic tape, magnetic disk storage
or other magnetic storage devices, or any other medium that
can be used to store the desired information and that can be
accessed by components of the system.

[0035] In some embodiments, the received signal from
receiver 50 may be processed by amplifier 52, filter 54, and
analog-to-digital converter 56. The digital data may then be
stored in QSM 58 (or buffer) for later downloading to RAM
66 as QSM 58 is filled. In some embodiments, there may be
multiple separate parallel paths for multiple received signals
including additional components such as amplifier 52, filter
54, and/or A/D converter 56. Any suitable combination of
components may be referred to herein as “processing equip-
ment.”

[0036] In some embodiments, microprocessor 62 may
determine respiration information from aspects of the sound
signal relating to respiration. Respiration information may
include respiration rate, which may be determined using vari-
ous algorithms and/or look-up tables based on values calcu-
lated from the received signals and/or data corresponding to
the signal or data received by receiver 50. Microprocessor 62
may generate a time series (trend) of respiration rate data
from determined respiration rate values.

[0037] In some embodiments, microprocessor 62 may
identify patient talking. Although patient talking may be iden-
tified in any suitable manner, in exemplary embodiments
patient talking may be identified by performing speech rec-
ognition, by identifying talking based on changes in respira-
tion patterns, by a trained classifier, or any combination
thereof.

[0038] Although any suitable classifier may be used in
accordance with the present disclosure, exemplary classifiers
may include neural networks (e.g., maximum partial likeli-
hood (MPL) networks or radial basis networks), genetic algo-
rithms, stochastic and probabilistic classifiers (e.g., Basian,
HMM, or fuzzy classifiers), propositional or predicate logics
(e.g., non-monotonic or modal logics), nearest neighbor clas-
sification methods (e.g., k¥ nearest neighbor or LVQ meth-
ods), any other suitable classifiers, or any combination
thereof. Although any suitable signal processing techniques
may be employed by the classifiers, exemplary signal pro-
cessing techniques may include principal component analy-
sis (PCA), independent component analysis (ICA), linear
discriminate analysis (LDA), fast Fourier transforms, con-
tinuous wavelet transforms, Hilbert transforms, Laplace
transforms, any other suitable signal processing method, or
any combination thereof.

[0039] A classifier may be trained based on any suitable
input parameters such as speech, sounds, respiration patterns,
or any combination thereof. Training data may be any suitable
data such as example data from a particular patient or a group
of patients. Any portion of the training for the classifier may
be performed at any suitable device at any suitable time. In
some embodiments, the classifier may be trained entirely
external to monitoring unit 12 and the classifier parameters
may be stored at monitoring unit 12. In some embodiments,
some or all of the training of the classifier may be performed
at monitoring unit 12. For example, in some embodiments,
parameters of the classifier may be updated for each patient.
In some embodiments, the classifier may be continuously or
periodically updated based on data received by monitoring
unit 12 or by anumber of monitoring units 12 (e.g., ata central
monitoring station).
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[0040] Although received data from a patient being moni-
tored may be analyzed by a trained classifier in any suitable
manner, in some embodiments one or more metrics may be
determined based on sound data, respiration information,
speech, any other suitable physiological parameter, or any
combination thereof. As is described herein, the metrics may
then be input to the classifier to output a classification. Any
suitable classifications may be provided in accordance with
the present disclosure, including classifications related to
patient talking. In some embodiments, one or more classifi-
cations related to patient talking may indicate the severity of
the patient talking,

[0041] Insomeembodiments, user inputs 68 may beused to
enter information, select one or more options, provide a
response, input settings, perform any other suitable input
function, or any combination thereof. User inputs 68 may be
used to enter information about the patient, such as age,
weight, height, diagnosis, medications, treatments, and so
forth. In some embodiments, display 14 may display values,
data, alarms, menus, user messages, any other suitable infor-
mation, or any combination thereof.

[0042] Communication interface 24 may provide for com-
munications with other devices utilizing any suitable trans-
mission medium as described herein. Communication inter-
face 24 may receive messages to be transmitted from
microprocessor 62 via bus 60. Exemplary data to be commu-
nicated may include respiration rate data, trend data, alarm
information, indications of patient talking, speech signals,
video signals, any other suitable information, or any combi-
nation thereof. In some embodiments, calculated metrics may
be transmitted to an external device for determining one or
more classifications based on determined metrics.

[0043] FIG. 3 is a flow diagram showing illustrative steps
for determining respiration information and identifying talk-
ing in accordance with some embodiments of the present
disclosure. In some embodiments, the steps described in
FIGS. 3-5 figures may be performed by system 10. However,
it will be understood that some or all of the steps of FIGS. 3-5
may be performed by one or more other devices such as a
remote or networked patient monitor or central monitoring
station.

[0044] At step 302, one or more microphones may generate
a sound signal based on sound emanated by a patient.
Although any suitable sound signal may be received by any
suitable microphone or microphones, in some embodiments
microphone 20 may include two transducers 70, with a first
transducer configured to receive (higher frequency) speech
and voice sounds and a second transducer configured to
receive (lower frequency) respiratory sounds. First and sec-
ond sound signals may be transmitted by transmitters 72 of
microphone 40 to receivers 50 of monitoring unit 12.
Although the received signals may be processed in any suit-
able manner, in some embodiments each of the received sig-
nals may be processed by an amplifier 52 and filter 54 tuned
to isolate and identify the desired sounds associated with each
signal (e.g., speech and respiration) before processing by A/D
converter 56 and QSM 58, and storage at RAM 66 for pro-
cessing by processor 62.

[0045] At step 304, processor 62 may identify any portions
of the sound signal that are associated with patient talking.
Although patient talking may be identified based on any
suitable signal or combination of signals, in some embodi-
ments an identification of talking may be identified based on
a sound signal received at microphone 20. In some embodi-
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ments, processing to identify patient talking may be per-
formed in accordance with the steps depicted in FIG. 4.
[0046] Referring to FIG. 4, at step 402, processor 62 may
determine whether to use speech from the sound signal to
identify patient talking. Although the determination of
whether to use speech may be performed in any suitable
manner, in some embodiments the determination may be
based on the settings for monitoring unit 12, a signal quality
for a speech portion of the received sound signal, any other
suitable parameter related to the speech portion of the sound
signal, or any combination thereof. If the speech signal is to
be used to identify patient talking, processing may continue to
step 404. 1f the speech signal is not to be used to identify
patient talking, processing may continue to step 408.

[0047] At step 404, processor 62 may recognize speech
from the sound signal. In some embodiments, words and
phrases may be identified based on training data from a
patient, for example, based on the patient speaking a number
of predetermined words or phrases to assist in identifying
patterns in the patient’s speech. In some embodiments, the
language spoken by the patient may be identified based on the
training routine, a menu selection, any other suitable method,
or any combination thereof. Although speech recognition
may be performed in ay suitable manner, in some embodi-
ments speech may be recognized based on Hidden Markov
Models, neural networks, any other suitable speech recogni-
tion method, or any combination thereof.

[0048] Atstep 406, processor 62 may generate a confidence
value based on the identification of speech in step 404.
Although a confidence value may be determined in any suit-
able manner, in some embodiments a confidence value may
be based on the percentage of the sound signal that includes
talking, characteristics of the detected speech (e.g., pitch,
volume), based on any other suitable parameter relating to the
detected speech, or any combination thereof. A confidence
value may be associated with a portion of the sound signal
associated with the speech, and in some embodiments may be
a value representative of the degree to which the patient
talking is likely to impact the quality of the determination of
respiration information from the sound signal.

[0049] At step 408, processor 62 may determine whether to
identify patient talking based on changes in respiration deter-
mined from the sound signal. Although the determination of
whether to use changes in respiration may be performed in
any suitable manner, in some embodiments the determination
may be based on the settings for monitoring unit 12, a signal
quality for a portion of the received sound signal (e.g., a
relevant frequency range associated with sounds of interest),
any other suitable parameter related to respiration to be iden-
tified, or any combination thereof. If respiration is to be used
to identify patient talking, processing may continue to step
410. If respiration is not to be used to identify patient talking,
processing may continue to step 414.

[0050] At step 410, processor 62 may identify patient talk-
ing from respiration data determined from the sound signal.
As is described herein, respiration data may be determined
from the sound signal. Characteristics of the determined res-
piration data may itself be used to determine whether the
patient is talking. For example, the breathing patterns of a
patient may vary in a less repeatable fashion when a patient is
talking than when a patient is not talking. During talking the
patient’s inhalations may become shorter while the exhala-
tions may become relatively longer. Rather than being repeat-
able, the period of each breath may vary from breath to breath.
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[0051] Insomeembodiments the distribution of the periods
of the breaths for a set of respiration data may be determined.
The spread of the distribution may be compared to a thresh-
old, and a distribution that exceeds the threshold may be
identified as based on patient talking. In some embodiments,
the degree to which the spread of the distribution exceeds the
threshold may be indicative of the severity of the patient
talking condition (i.e., the degree to which the patient talking
is likely to impact the quality of the respiration rate determi-
nation). In some embodiments, the threshold may be depen-
dent on the mean respiration rate.

[0052] In some embodiments the ratio of the inhalation
periods to the exhalation periods for a set of respiration data
may be determined. This ratio may be compared to a thresh-
old, and a ratio that falls below the threshold (i.e., indicates
relatively short inhalation periods compared to exhalation
periods) may be identified as based on patient talking. In
some embodiments, the degree to which the ratio falls below
the threshold may be indicative of the severity of the patient
talking condition (i.e., the degree to which the patient talking
is likely to impact the quality of the respiration rate determi-
nation). In some embodiments, the threshold may be depen-
dent on the mean respiration rate.

[0053] In some embodiments the irregularity of the respi-
ration waveform amplitude, or an envelope indicative of the
respiration waveform amplitude, may be quantified. The
variation in waveform amplitude may be compared to a
threshold variation, and a variation that exceeds the threshold
(i.e., indicates a high degree of variance in the respiration
waveform) may be identified as based on patient talking. In
some embodiments, the degree to which the variation exceeds
the threshold may be indicative of the severity of the patient
talking condition (i.e., the degree to which the patient talking
is likely to impact the quality of the respiration rate determi-
nation). In some embodiments, the threshold may be depen-
dent on the mean respiration rate.

[0054] At step 412, processor 62 may generate a confidence
value based on the analysis of the respiration data in step 410.
Although a confidence value may be determined in any suit-
able manner, in some embodiments a confidence value may
be based on the percentage of the sound signal that includes
talking, the severity of the patient talking condition, based on
any other suitable parameter, or any combination thereof. In
some embodiments a plurality of calculations relating to the
respiration data may be performed as described herein, a
confidence value may be calculated for each calculation, and
the confidence values may be combined to generate a com-
posite confidence value. The resulting confidence value may
be associated with a portion of the sound signal that includes
talking, and in some embodiments may be a value represen-
tative of the degree to which the patient talking is likely to
impact the quality of the determination of respiration infor-
mation from the sound signal.

[0055] Atstep 414, processor 62 may determine whether to
use a classifier to identify patient talking, Although the deter-
mination of whether to use a classifier may be performed in
any suitable manner, in some embodiments the determination
may be based on the settings for monitoring unit 12, a signal
quality for a portion of the received sound signal (e.g., a
relevant frequency range associated with sounds of interest),
any other suitable parameter related to the received sound
signal, or any combination thereof. Ifa classifier is to be used
to identify patient talking, processing may continue to step
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416. If a classifier is not to be used to identify patient talking,
processing may continue to step 422.

[0056] At step 416, processor 62 may calculate metrics to
be input to the classifier. As described herein, the classifier
may be trained based on training data. Metrics may be mea-
surements that conform to the training data, and may be based
on speech recognition, respiration data, any other suitable
metric relating to the sound signal, or any combination
thereof. It will be understood that any suitable number of
metrics may be calculated from the received sound signal (or
any data or signal obtained from the received sound signal),
and that any number of metrics or combinations thereof may
be input to any number of classifiers to identify patient talk-
ing. Examples of metrics include the frequency (pitch) of the
sound(s), changes in the frequency (or tone) which may be
used to inflect sound or speech patterns to convey emotional
meaning, the amplitude (volume) and the change in ampli-
tude of the signal which may indicate pain or stress, the
appearance and disappearance of certain frequencies, ratios
of the amplitudes of certain frequencies, the timbre (rise,
duration and decay) of the sound signal components, or any
other suitable metrics. These metrics may be computed from
information extracted from the signal using a number of
techniques. In some embodiments, the amplitude and fre-
quency components of the signal may be extracted from the
signal itself, or from the transform of a signal, including a
Fourier or wavelet transform. In some embodiments, the met-
rics may be compared to a threshold which when exceeded
may indicate patient distress. In some embodiments, the met-
rics may be input into a classifier which may have previously
been trained on historic data. The classifier may use these
metrics to indicate patient distress as described herein.
[0057] At step 418, processor 62 may process the metrics
with one or more classifiers. As described herein, any suitable
classifier may be used in accordance with the present disclo-
sure, such as neural networks (e.g., MPL networks or radial
basis networks), genetic algorithms, stochastic and probabi-
listic classifiers (e.g., Basian, HMM, or fuzzy classifiers),
propositional or predicate logics (e.g., non-monotonic or
modal logics), nearest neighbor classification methods (e.g.,
k” nearest neighbor or LVQ methods), any other suitable
classifiers, or any combination thereof. Although any suitable
signal processing techniques may be employed by the classi-
fiers, exemplary signal processing techniques may include
PCA, ICA, LDA, fast Fourier transforms, continuous wavelet
transforms, Hilbert transforms, Laplace transforms, any other
suitable signal processing method, or any combination
thereof.

[0058] In some embodiments, each classifier may output
one or more values indicative of patient talking, the severity
of patient talking on the determination of respiration, any
other suitable values, or any combination thereof. In some
embodiments, one or more of the classifiers may output logi-
cal values (e.g., “1” or “0”) indicative of the presence of a
talking, severity values indicative of the presence and severity
of talking, any other suitable values, or any combination
thereof.

[0059] Atstep 420, processor 62 may generate a confidence
value based on the output of the classifier or classifiers in step
418. Although a confidence value may be determined in any
suitable manner, in some embodiments a confidence value
may be based on the percentage of the sound signal that
includes talking, the severity of the patient talking condition,
based on any other suitable parameter, or any combination
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thereof. In some embodiments, a confidence value may be
calculated based on each of a plurality of classifier outputs
and the confidence values may be combined to generate a
composite confidence value. The resulting confidence value
may be associated with a portion of the sound signal that
includes talking, and in some embodiments may be a value
representative of the degree to which the patient talking is
likely to impact the quality of the determination of respiration
information from the sound signal.

[0060] At step 422, if multiple determinations of talking
were made using different methodologies, the determinations
may be combined. Although the determinations may be com-
bined in any suitable manner, in some embodiments any
regions of the sound signal associated with any of the deter-
minations of talking may be assigned as a talking portion of
the sound signal. At step 424, if more than one confidence
value was determined for a single talking portion of the sound
signal, the confidence values may be combined. Although the
confidence values may be weighted and combined in any
suitable manner, in some embodiments each confidence value
may be weighted equally.

[0061] Referring again to FIG. 3, at step 306, processor 62
of monitoring unit 12 may determine respiration information
such as respiration rate based on a received sound signal.
Although respiration rate may be determined in any suitable
manner, in some embodiments respiration rate may be deter-
mined in accordance with the steps of FIG. 5.

[0062] FIG. 5 shows illustrative steps for determining res-
piration information such as respiration rate in accordance
with some embodiments of the present disclosure. Although it
will be understood that respiration information may be cal-
culated from any suitable signal or combination of signals
(e.g., blood pressure signal, photoplethysmograph signal, air
flow signal, motion signal (e.g., from measurements of body
motion due to respiration), microphone (sound) signal, any
other suitable signal, or any combination thereof), in some
embodiments respiration information may be calculated
based on a sound signal from microphone 20. Although any
suitable techniques may be performed to determine respira-
tion information, in exemplary embodiments monitoring unit
12 may perform respiration pre-processing, calculate respi-
ration information, perform respiration post-processing, and
communicate respiration information.

[0063] At step 502, processor 62 may perform respiration
pre-processing on the received sound signal to generate a
respiration signal. Although any suitable pre-processing tech-
niques may be involved inrespiration pre-processing, in some
embodiments respiration pre-processing may be focused on
distinguishing between portions of the sound signal that are
likely to reflect data that is related to respiration and portions
of the sound signal that are likely to reflect other information
unrelated to respiration information, such as measurement
error signal noise. For example, microphone 20 may be
moved, temporarily located at a location remote from the
desired location, or may encounter some other form of inter-
ference that degrades the signal or otherwise interferes with
the identification of respiration information from the sound
signal. In some embodiments, pre-processing may identify
portions of the sound signal that fall outside of an acceptable
value range for frequency, signal intensity, respiration rate,
any other suitable parameter, or any combination thereof. Any
portion of the sound signal that is identified may be compen-
sated for in any suitable manner, for example, by excluding
the data associated with the portion of the signal from deter-
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mination of respiration information, down-weighting the
data, or supplementing the data with respiration information
available from other sources (e.g., based on modulations to a
sound signal associated with speech or based on respiration
signals determined from other measurement sources). In
some embodiments the received sound signal for determining
respiration information may be the same received sound sig-
nal for determining speech information (e.g., in an embodi-
ment with a single received sound signal), and pre-processing
for respiration may include filtering, for example, to empha-
size sounds that are associated with respiration.

[0064] At step 504, processor 62 may calculate respiration
information based on the pre-processed respiration signal.
Although any suitable respiration information may be deter-
mined, in some embodiments the respiration information
may be respiration rate. Although respiration rate may be
determined in any suitable manner, in some embodiments the
pre-processed respiration signal may be analyzed over time to
determine a rolling average of a respiration rate. In some
embodiments, a time series of respiration data from the pre-
processed respiration signal may be analyzed to identify peri-
odic aspects of the respiration signal, for example based on a
Fourier transform, wavelet transform, performing an autocor-
relation of the pre-processed respiration signal and identify-
ing a period associated with a peak of the autocorrelation
sequence, any other suitable technique for identifying peri-
odic respiration information, or any combination thereof.
[0065] At step 506, processor 62 may perform post-pro-
cessing based on the determined respiration rate. Although
any suitable post-processing may be performed, in some
embodiments the currently determined respiration rate may
be combined with one or more recently determined respira-
tion rates to determine a rolling average. In some embodi-
ments, the averaging may be weighted based on the confi-
dence value for the recently determined respiration rate.
Although a confidence value may be determined in any suit-
able manner (e.g., as described in FIG. 4), in some embodi-
ments a confidence value may also be based on the percentage
of the respiration signal that was determined to include res-
piration information in pre-processing step 502, signal
strength, a comparison of the most recently determined res-
piration rate value to previous respiration rate values, any
other suitable measurement or determination, or any combi-
nation thereof. The result of the post-processing may be a
respiration rate value, for example, for display and storage at
monitoring unit 12.

[0066] Referring again to FIG. 3, at step 308, monitor 12
may generate a response based on the determination of res-
piration rate and determination of patient talking. Although
any suitable response may be generated, in some embodi-
ments monitor 12 may identify an audible response, a visual
response, a message to be communicated to another device,
an adjustment of any functionality that is integrated within
monitor 12, any other suitable parameter, or any combination
thereof. In some embodiments, these responses may include
an audible response from speaker 16, an audible message
from speaker 16, an alarm or notification on display 14, a
message on display 14, communication with external devices
via communication unit 24, updating data associated with an
alarm window 30 corresponding to patient talking, or adjust-
ment to treatments or parameters that are integrated within
monitor 12.

[0067] In some embodiments, speaker 16 may provide an
alarm or notification based on the respiration rate or determi-
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nation of patient talking. Although alarms or notifications
may be provided in any suitable manner, in some embodi-
ments the tone, duration, sound level, any other suitable
parameter, or any combination thereof, may be selected based
on the severity of a respiration rate alarm or notification of
patient talking.

[0068] In some embodiments, speaker 16 may provide an
audible message based on the respiration rate or determina-
tion of patient talking. Although audible messages may be
provided in any suitable manner, in some embodiments an
audible message may be selected from one or more predeter-
mined messages, for example, to indicate a respiration rate
alarm, the presence of patient talking, or the severity of
patient talking.

[0069] Insomeembodiments, an alarm may be indicated on
display 14 based on the respiration rate or determination of
patient talking. Although an alarm may be displayed in any
suitable manner, in an exemplary embodiment an alarm type
(e.g., patient talking or respiration alarm limit violation) and
severity may be displayed within alarm portion 32. In some
embodiments, a message may be indicated on display 14
based on the on the respiration rate or determination of patient
talking, for example, within menu portion 22.

[0070] In some embodiments, monitor 12 may communi-
cate with external devices via communication unit 24 based
on the respiration rate or determination of patient talking.
Although monitor 12 may communicate with any suitable
devices, in some embodiments, monitor 12 may communi-
cate with nurse stations, central monitoring units, remote
servers, pagers, mobile telephones, medical devices, any
other suitable device, or any combination thereof. For
example, in an embodiment, in response to an indication of
severe patient talking, monitoring unit 12 may communicate
a message to a central monitoring station, to a pager of an
attending physician. It will also be understood that any other
suitable functionality may be integrated with monitor 12,
such that in some embodiments the integrated functionality of
monitor 12 may directly perform any suitable functionality in
response to an indication of patient talking or a respiration
rate alarm violation.

[0071] In some embodiments, data associated with an
alarm window 30 may be updated based on an indication of
patient talking. Although data associated with an alarm win-
dow 30 that is related to patient talking may be updated in any
suitable manner, in an exemplary embodiment the portions of
the respiration waveform and any respiration information
determined during while the patient talking may be associ-
ated with a patient talking condition and stored in memory. In
some embodiments, the associated patient talking condition
may also indicate the severity of the patient talking condition.
The alarm window 30 may then be displayed (e.g., with a
current respiration waveform 26 or with respiration trend
data) as described herein.

[0072] The foregoing is merely illustrative of the principles
of this disclosure and various modifications may be made by
those skilled in the art without departing from the scope of
this disclosure. The above described embodiments are pre-
sented for purposes of illustration and not of limitation. The
present disclosure also can take many forms other than those
explicitly described herein. Accordingly, it is emphasized that
this disclosure is not limited to the explicitly disclosed meth-
ods, systems, and apparatuses, but is intended to include
variations to and modifications thereof, which are within the
spirit of the following claims.
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What is claimed is:

1. A method for processing a sound signal, the method
comprising:

receiving a sound signal from a sensor that senses sound

from a patient;

determining, with processing equipment, respiration infor-

mation based on the sound signal;

identifying, with the processing equipment, a speech por-

tion of the sound signal,

determining, with the processing equipment, a confidence

value associated with the respiration information based
on the speech portion; and

generating, with the processing equipment, a respiration

information value based at least on the confidence value
and the respiration information.

2. The method of claim 1, wherein identifying the speech
portion of the sound signal comprises:

extracting a respiration signal from the sound signal,

identifying a plurality of breaths from the respiration sig-

nal;

determining a distribution of periods associated with the

plurality of breaths; and

identifying the speech portion based at least in part on

when the distribution exceeds a distribution threshold.

3. The method of claim 1, wherein identifying the speech
portion of the sound signal comprises:

extracting a respiration signal from the sound signal;

identifying a plurality of breaths from the respiration sig-

nal;

determining an inhalation period for each of the plurality of

breaths to produce a plurality of inhalation periods;
determining an exhalation period for each of the plurality
of breaths to produce a plurality of exhalation periods;
calculating a ratio of the inhalation period and exhalation
period for each of the plurality of breaths to produce a
plurality of ratios; and

identifying the speech portion based on the plurality of

ratios.

4. The method of claim 1, wherein identifying the speech
portion of the sound signal comprises:

determining a classification of the sound signal based on a

classifier, wherein the classifier is trained based on sig-
nal characteristics that correspond to vocal sounds; and
identifying the speech portion based on the classification.

5. The method of claim 4, wherein the classifier comprises
one or more of aneural network, a genetic algorithm, stochas-
tic classifiers, probabilistic classifiers, propositional logics,
predicate logics, and nearest neighbor classification methods.

6. The method of claim 1, further comprising:

generating a respiration waveform; and

associating an alarm window with the respiration wave-

form based on the speech portion of the sound signal.

7. The method of claim 1, further comprising:

updating respiration trend data based on the respiration

information; and

updating an alarm window associated with the respiration

trend data based on the speech portion of the sound
signal.

8. A non-transitory computer-readable storage medium for
processing a sound signal, the computer-readable medium
having computer program instructions recorded thereon for:

receiving a sound signal from a sensor that senses sound

from a patient;
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determining respiration information based on the sound
signal;
identifying a speech portion of the sound signal;
determining a confidence value associated with the respi-
ration information based on the speech portion; and
generating a respiration information value based at least on
the confidence value and the respiration information.
9. The computer-readable medium of claim 8, wherein
identifying the speech portion ofthe sound signal comprises:
extracting a respiration signal from the sound signal;
identifying a plurality of breaths from the respiration sig-
nal;
determining a distribution of periods associated with the
plurality of breaths; and
identifying the speech portion based at least in part on
when the distribution exceeds a distribution threshold.
10. The computer-readable medium of claim 8, wherein
identifying the speech portion of the sound signal comprises:
extracting a respiration signal from the sound signal;
identifying a plurality of breaths from the respiration sig-
nal;
determining an inhalation period for each of the plurality of
breaths to produce a plurality of inhalation periods;
determining an exhalation period for each of the plurality
of breaths to produce a plurality of exhalation periods;
calculating a ratio of the inhalation period and exhalation
period for each of the plurality of breaths to produce a
plurality of ratios; and
identifying the speech portion based on the plurality of
ratios.
11. The computer-readable medium of claim 8, wherein
identifying the speech portion of the sound signal comprises:
determining a classification of the sound signal based on a
classifier, wherein the classifier is trained based on sig-
nal characteristics that correspond to vocal sounds; and
identifying the speech portion based on the classification.
12. The computer-readable medium of claim 8, wherein the
computer-readable medium has computer program instruc-
tions recorded thereon for:
generating a respiration waveform; and
associating an alarm window with the respiration wave-
form based on the speech portion of the sound signal.
13. The computer-readable medium of claim 8, wherein the
computer-readable medium has computer program instruc-
tions recorded thereon for:
updating respiration trend data based on the respiration
information; and
updating an alarm window associated with the respiration
trend data based on the speech portion of the sound
signal.
14. A monitoring unit comprises processing equipment
configured to:

Sep. 18,2014

receive a sound signal from a sensor that senses sound from
a patient;
determine respiration information based on the sound sig-
nal;
identify a speech portion of the sound signal;
determine a confidence value associated with the respira-
tion information based on the speech portion; and
generate a respiration information value based at least on
the confidence value and the respiration information.
15. The monitoring unit of claim 14, wherein the monitor-
ing unit is configured to:
extract a respiration signal from the sound signal;
identify a plurality of breaths from the respiration signal,
determine a distribution of periods associated with the
plurality of breaths; and
identify the speech portion based at least in part on when
the distribution exceeds a distribution threshold.
16. The monitoring unit of claim 14, wherein the monitor-
ing unit is configured to:
extract a respiration signal from the sound signal;
identify a plurality of breaths from the respiration signal,
determine an inhalation period for each of the plurality of
breaths to produce a plurality of inhalation periods;
determine an exhalation period for each of the plurality of
breaths to produce a plurality of exhalation periods;
calculate a ratio of the inhalation period and exhalation
period for each of the plurality of breaths to produce a
plurality of ratios; and
identify the speech portion based on the plurality of ratios.
17. The monitoring unit of claim 14, wherein the monitor-
ing unit is configured to:
determine a classification of the sound signal based on a
classifier, wherein the classifier is trained based on sig-
nal characteristics that correspond to vocal sounds; and
identify the speech portion based on the classification.
18. The monitoring unit of claim 17, wherein the classifier
comprises one or more of a neural network, a genetic algo-
rithm, stochastic classifiers, probabilistic classifiers, propo-
sitional logics, predicate logics, and nearest neighbor classi-
fication methods.
19. The monitoring unit of claim 14, wherein the monitor-
ing unit is configured to:
generate a respiration waveform; and
associate an alarm window with the respiration waveform
based on the speech portion of the sound signal.
20. The monitoring unit of claim 14, wherein the monitor-
ing unit is configured to:
update respirationtrend data based on the respiration infor-
mation; and
update an alarm window associated with the respiration
trend data based on the speech portion of the sound

signal.
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