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(57) Abstract: A breathing biofeedback device, having a micropho

ne configured to acquire sounds of a user’s breathing; a controller

communicatively connected with the microphone, the controller processing the signals acquired by the microphone to produce an
output signal, the controller processing the signal whereby the microphone signal is first pre-amplified to a voltage level that can be

processed by an audio envelope detector circuit, the envelope dete

ctor signal is then fed into the analog-to-digital converter input

of the controller allowing it to constantly sample the input volume level, the controller then controlling the output volume level fed
to the headphones utilizing a digitally controlled variable-gain amplifier, wherein the output signal is not modified in any manner
from the original input, except in volume; and a pair of earphones connected with the controller and configured to convey the output

signal to the user.
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BREATHING BIOFEEDBACK DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No. 60/754,824,
filed December 28, 2005, the disclosure of which is incorporated herein by reference in its

entirety.

BACKGROUND OF THE INVENTION
[0002] The present invention relates to an electronic breathing biofeedback device. In
particular, the present invention is directed towards a self-contained, wearable biofeedback
device, for the purpose of leamning to modify and control breathing sound levels and patterns

while awake or asleep.

[0003] The recording of breathing sounds in general may be known. For example, United
States Patent No. 6,261,238 uses multiple sensors to analyze breath sounds. The focus of this
patent appears to be on the initial screening, detection, defining, and verification process.
However, this device does not feed back the sound of the breath to the patient/client for the

purpose of education, modification, and training.

{0004] United States Patent No. 4,924,876 is a nasal breath monitor that feeds the sound of
the breath back to the patient/client. However, this device only detects breathing sounds from

the nose. This patent does not provide for an analysis of the signal volume to provide a
feedback.

[0005] United States Patent No. 5,477,867 is a device for the suppression of snoring. This
device's feedback uses a series of tones which become more and more unpleasant. The use of
a tone can be unpleasant and does not increase awareness as a means of making a change in a

breathing pattern.

[0006] There is therefore a need for a breathing biofeedback device that does not suffer

from the above and other shortcomings.

BRIEF SUMMARY OF THE INVENTION
[0007] The present invention is directed toward a breathing biofeedback device, having a
miérophone configured to acquire sounds of a user's breathing; a controller communicatively
connected with the microphone, the controller processing the signals acquired by the

microphone to produce an output signal, the controller processing the signal whereby the
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microphone signal is first pre-amplified to a voltage level that can be processed by an audio
envelope detector circuit, the envelope detector signal 1s then fed into the analog-to-digital
converter input of the controller allowing it to constantly sample the input volume level, the
controller then controlling the output volume level fed to the headphones utilizing a digitally
controlled variable-gain amplifier, wherein the output signal is not modified in any manner
from the original input, except in volume; and a pair of earphones connected with the
controller and configured to convey the output signal to the user while preventing sound
leakage that could cause undesirable acoustic feedback. The earphones are preferably

configured to stay physically in place while the user is sitting, lying, in motion and sleeping,

[0008] For a further understanding of the nature and advantages of the invention, reference
should be made to the following description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 is an exemplary circuit diagram of one embodiment of the breathing

biofeedback device in accordance with the present invention.

[0010] Fig. 2 is an exemplary block diagram of another embodiment of the breathing

biofeedback device in accordance with the present invention.

[0011] Fig. 3 is an exemplary block diagram of one embodiment of the breath state
machine corresponding to the block diagram of Fig. 2.

.

[0012] Fig. 4 is an exemplary block diagram of one embodiment of the snore mode of the

breath state machine of Fig. 3.

DETAILED DESCRIPTION OF THE INVENTION
[0013] The present invention is directed towards a self-contained, wearable biofeedback

device, for the purpose of learning to modify and control breathing sound levels and patterns

while awake or asleep.

[0014] Fig. 1 shows an exemplary circuit diagram 100 of one embodiment of the breathing
biofeedback device in accordance with the present invention. As is shown in Fig. 1, the
device includes a microphone 102 that is used as an input device for receiving a user's breath
sounds. The microphone 102 is connected via the preamp 104 to a variable gain amplifier
106. One output of the preamp is fed to an audio envelope detector 108. The output of the

audio envelope detector 108 is fed to a controller that can set the gain for the variable gain
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amplifier 106. The output of the variable gain amplifier 106 is fed to the speakers or
earphones 112. The device also includes a user interface 114 having a display configured to

interact with the user. The device also includes an appropriate power supply 116.

[0015] In one implementation, the breathing biofeedback device can be a small battery-
powered device that is partly worn on the user's head (using a headband) in a comfortable
manner. There can be a connector from the headband to a display unit where settings can be
made and viewed. There can also be a remote control to modify settings. As described
above, the breathing biofeedback device can include various subcomponents. These include
an input device, an output device, a display unit, a controller or processor, and a user
interface that is displayed on the display unit and with which the user or wearer interacts. In
addition, the device can include a memory device that can be used to aid the operation of the

processor and also to store and delete various received or processed signals or information.

]0016] Fig. 2 shows an exemplary block diagram 200 of another embodi;nent of the
breathing biofeedback device in accordance with the present invention. The embodiment of
the device shown in Fig. 2, includes a Digital Signal Processor (DSP) 202 that performs the
control functions for the device. A microphone 204 is operatively connected with the
controller 202 via an input CODEC 206. The input CODEC 206 provides audio input and
interrupt signal to the controller 202. The processor 202 can also exchange 1/O via a USB
208 and/or a RS232 serial port 210. The controller 202 can also include user interface
buttons 212. The controller 202 receives the various input signals, processes them and
provides output audio signals to the ear phones via the output CODEC 216. The controller
202 alsb provides various output signals for display on the display unit 218, which in one

embeodiment can be an LCD display.

[0017] The controller 202 can be a TI 5509A DSP. The controller 202 has an input buffer
222. Input buffer 222 receives input from the audio in and communicates with bypass 224,
audio processing 226 and the breath state machine 228. Output from the breath state machine
228, audio processing 226 and the bypass 224 are fed to the output buffers, the earphones 214
and the display device 218.

[0018] As described above, the device can be a self-contained, wearable device that
provides real-time, interactive, audio biofeedback of the breath. One purpose of this device is
to regulate and modify breath patterns, and to support the learning and execution of breathing

exercises. It is known that breath patterns contribute significantly to health and illness. Breath
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awareness and breathing exercises are used in the medical field, the psychological field, and
for general health and well being. Breathing exercises are very beneficial, but they can be
difficult to learn and execute correctly. The device in accordance with the embodiments of
the present invention makes the breath audible to the user in real time. By hearing the breath,
neurological connections are made that support breath regulation. Hearing the breath provides

more sensory input which makes breathing exercises easier to learn and execute.

[0019] In one embodiment, the device in accordance with the embodiments of the present
invention can use digital signal audio processing and a Breath State Machine to detect each
breath and make the necessary adjustments to provide clean and consistent audio feedback. In
addition, the present device can also include specialized modes for different applications, and
an effects processor to enhance the sound quality of the breath. Further details of the device

and its sub parts are described below.

[0020] In one aspect, the device can be a small battery-powered, rechargeable, or plug-in
device with a microphone and stereo ear phones (or headphones) that fit on the user’s head in
a comfortable manner. The device has onscreen display capability. It can stand on its own or
be incorporated into mobile and personal devices, computers, biofeedback, medical and

exercise equipment.

[0021] Input device: The input device can include a single acoustic microphone. The
microphone acquires sounds of the users breathing. This microphone can be physically
mounted in such a way as to maximize sensitivity to the sounds of breathing (through the
mouth and nose) while rejecting unwanted ambient sounds (e.g. to maximize signal to noise
ratio). The microphone can be wireless or attached at the other end to a headband. The
device uses a microphone sensitive enough to pick up breathing sounds. This can be a surface
stethoscope microphone, a condenser microphone, or any other state—of-the-art microphone.
The microphone can be positioned in such a way as to maximize sensitivity to breathing
sounds while rejecting unwanted ambient sounds. (e.g., maximize signal to noise ratio). The

input device can be placed near the mouth, nose, throat, thorax, head or other part.

[0022] Output device: The output device can include binaural earphones. The earphones
are configured to convey the outpﬁt signal to the user while preventing sound leakage that
could cause undesirable acoustic feedback. The earphones are configured to be comfortable
and stay physically in place while the user is sitting, lying, in motion and sleeping. Other

head pieces can be available for particular applications.
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[0023] Display unit: The display unit can be a PDA, laptop, or a PC or an equivalent
intelligent host device. A software program provides an interface with the headband unit.
The display unit can also include a separate sp eaker(s). In one embodiment, the display unit
includes a VGA LCD screen with a DXVU meter or other equivalent meter. The display can
show basic setup information, status and menus. The DXVU meter can provide a visual
display of frequency response. The DXVU meter is an ActiveX control, which can monitor
any audio device configured as a recording source, such a Microphone, CD ROM, etc. and

display the monitored audio levels like a standard VU Meter or as an oscilloscope.

[0024] TFor power, options can include dry-cell batteries and lithium-ion rechargeable

batteries. All units include an AC adaptor power supply.

[0025] A remote control unit: A remote control unit can be used with the device so the

user can manually adjust volume, settings, timer, and so on.

[0026] The user interface: The user interface is configured to receive input and provide
operational information to the user. The user interface provides various parameters and
functionality, including: an ability to interact with the display (e.g. an LCD display) and
pushbuttons, etc. The user interface and the device include features for: an on/off switch;
volume level control; mode select buttons and indicators. The mode and their available
selections include: snoring/sleep apnea with settings for volume output level - baseline,
threshold volume, time interval for response to feedback, pitch - volume ratio/limits,
statistical analysis (see below); breath training with settings for volume output level, pitch +/-
, special effects, reverb (i.e. stadium preset), frequency manipulation; and a timer having a

pleasant alarm.

[0027] In one aspect, the user interface of the device offers the user the following controls,
namely: an on/off switch; a volume control dial;-various menu buttons, and navigation
controls. The menu on the user interface can be configured to give the user access to setup
options, mode selection and features. The setup functions can include: microphone type;
earphone type; breath calibration time and personalized setting option. Mode selection
functions can include: basic; stress reduction/relaxation; anti-snoring; and fitness

training/cardio. Feature settings can include: effects processor and timer.

[0028] The output display of the device as a user interface display provides the user with
information gathered by the device while operating in one of its several states. In one

embodiment, the states include: breath calibration, duration of breath cycle,
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volume/frequency averages and peaks, and output volume. This data can be saved to the

device’s memory; the user can delete the information as needed.

[0029] As set forth above, the device in accordance with the embodiments of the present
invention can function in one of several modes that include a basic mode; a stress
reduction/relaxation mode; an anti-snoring; and a fitness training/cardio. The functionality of

each of these modes is described in further detail below.

[0030] The Basic mode can be used for all applications of breath regulation and training. In
this mode, the user can set the output volume, as well as choose an effects preset (such as

reverb).

[0031] The Anti-Snore mode can detect the wave frequency and volume of a snore. In this
mode, the output volume incrementally increases as the input volume increases, to make the
breath audible to the sleeping person. The breath becomes audible (without the person fully
waking up) and acts as a cue for the user to breathe more quietly. When the input breathing
becomes quieter and more like normal breathing, the audio feedback matches the new softer

volume with a softer output volume and returns to Basic mode.

[0032] The Stress Reduction/Relaxation mode adds other sounds along with the user’s
breath such as water sounds, nature sounds, music, or a drone. The addition of these sounds
enhances relaxed breathing patterns. In this mode, the user can choose the background sound

from pre-programmed options.

[0033] The Fitness Training or Cardio Mode adds the sound of a pulse along with the
user’s breath. The pulse acts as a cue for the user to breathe at a certain rate or tempo,
supporting cardio programs and heart rate variability training. The user can set rate and

volume of the pulse.

[0034] Signal processing: In one embodiment, the signal processing can be an analog-
based processing, having a real-time micro-controller based sampling and control. The
micro-controller can process the incoming microphone signal and compute a desired output
level based on various algorithms. In one exemplary processing of the audio signal, the
microphone signal is first pre-amplified to a voltage level that can be processed by an audio
envelope detector circuit. This circuit includes a peak detector with a time constant slightly
longer than the lowest audio input frequency expected, in this case approximately 100 Hz.

The envelope detector signal is then fed into the analog-to-digital converter input of the
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micro-controller allowing it to constantly sample the input volume level. The micro-
controller then controls the final output volume level fed to the headphones utilizing a
digitally controlled variable-gain amplifier. In one embodiment, the final output signal is not

modified in any manner from the original input, except in volume.

[0035] In addition to controlling the output volume, the micro-controller can measure, track
and display various statistical parameters indicating the user's performance improvement or
regression over a period of time. The statistical analysis can monitor peak volume, lowest
volume and an average volume. For the peak and lowest volumes, parameters such as the

length of time at that volume and the number of episodes above a threshold can be tracked.

[0036] In addition, the device also includes a playback feature so that a breathing session

can be digitally recorded and played back through the display unit's speaker(s).

[0037] In another embodiment, the novel breathing biofeedback device uses a DSP to
modify and enhance the audio output. The DSP also communicates with the user interface
and controls the display. As set forth above and shown in Fig. 2, the DSP controller is

configured to enable audio processing as well as a breath state machine.

[0038] The DSP audio processing can modify the audio buffers by gain control,
equalization, frequency shifts and effects processing. The audio processor can clip the output
volume. Since different frequencies have different perceived volumes, the different frequency

bands can be clipped independently.

[0039] Fig. 3 shows an exemplary block diagram 300 of one embodiment of the breath
state machine. The state machine controls the variables of the audio processor. It first
calibrates the device to the incoming breath and then, using the data from the calibration,
counts the incoming breaths and modifies the gain and frequency control variables as
necessary. The states of the breath state machine are as follows: IDLE 302 ; CALIBRATE
304; PEAK_DETECT (or looking high) 306; TROUGH_DETECT (or looking low) 308;
BREATH_FOUND 310 and BREATH_NOT_FOUND 312. Each of these states is described
in further detail below.

[0040] The IDLE state resets some state parameters. The CALIBRATE state Loops for
some time (e.g. 10 seconds) while keeping track of min and max buffer averages. At the end
of the calibration time this information is used to calculate the low and high thresholds for the

breath detection states. It also resets the gain control variable.
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[0041] The Breath Detection States.can include four breath detection states, that include
PEAK _DETECT, TROUGH_DETECT, PEAK_DETECT2, TROUGH_DETECT2. These
four states are used to detect the breath itself. This can be done by taking the average of each
buffer as it comes in and comparing it to the thresholds established in the ‘Calibrate’ state.
One breath cycle, which includes inhalation and exhalation, has two high peaks and two low
troughs. After two peaks and two troughs have been detected the ‘BREATH_FOUND?’ state
is entered. If the threshold is not reached within the timeout period the
‘BREATH_NOT_FOUND?’ state is entered.

[0042] The BREATH_FOUND state can be configured to recalculate the thresholds,
increments the breath counter, update the display, set the gain control, and modify the

equalizer parameters (as necessary). After this state the breath detection state returns to
PEAK_DETECT for the next breath cycle.

[0043] The BREATH NOT_FOUND state: When no breath is found the device
recalibrates itself. The state machine returns to IDLE, where it resets, and the whole process

is started again.

[0044] A variation of this state machine can be used in an Anti-Snore mode, enabling the
device to detect snores and modify the equalizer and gain controls as necessary. The breath
state machine can automatically detect a snore and enter snore mode, when the Anti-Snore

mode (Snore detector 314) is enabled. When snoring stops, the state machine automatically
reverts to the Basic 402 mode or the non Anti-Snore mode. From the snore mode, an

integrated digital voice recorder 316 is used to record the breathing sounds.

[0045] Fig. 4 shows an exemplary block diagram 400 of one embodiment of the snore
mode of the breath state machine. As shown in Fig. 4, the snore mode can start in the basic
mode 402. Form the basic mode, once a snore is found or sensed 404, the gain control is
reset. Control moves to snore detect to detect the peak volume and/or frequency of the snore
sound. This continues until a peak is detected. If a peak is not detected, the process times out
and the state reverts to the "snore not found” state 408 and then back to the basic mode 402.
When a peak for a snore is detected, then a low peoint volume and/or frequency is searched for
410. When a trough is found, control is passed to the snore found state 404. When a trough is
not found after a period of time, the process times out and the state reverts to the "snore not
found" state 408 and then back to the basic mode 402. As described abone, the Anti-Snore

mode can detect the wave frequency and volume of a snore. In this mode, the output volume
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incrementally increases as the input volume increases, to make the breath audible to the
sleeping person. The breath becomes audible (without the person fully waking up) and acts as
a cue for the user to breathe more quietly) When the input breathing becomes quieter and
more like normal breathing, the audio feedback matches the new softer volume with a softer

output volume and returns to Basic mode.
[0046] All patents and publications referred to above are incorporated by reference herein.

[0047] As will be understood by those skilled in the art, the present invention may be
embodied in other specific forms without departing from the essential characteristics thereof.
Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments of the invention described

herein. Such equivalents are intended to be encompassed by the following claims.
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WHAT IS CLAIMED 18S:

1. A breathing biofeedback device, comprising:

a microphone configured to acquire sounds of a user's breathing;

a controller communicatively connected with the microphone, the controller
processing the signals acquired by the microphone to produce an output signal,

the controller processing the signal whereby the microphone signal is first pre-
amplified to a voltage level that can be processed by an audio envelope detector circuit, the
envelope detector signal is then fed into the analog-to-digital converter input of the controller
allowing it to constantly sample the input volume level, the controller then controlling the
output volume level corresponding to the sound of the user's breathing fed to the headphones
utilizing a digitally controlled variable-gain amplifier, wherein the output signal is not
modified in any manner from the original input, except in volume; and

a pair of earphones connected with the controller and configured to convey the

output signal to the user.

2. The device of claim 1 further comprising a display device operatively

connected with said controller.

3. The device of claim 2 further comprising a use interface configured to

be displayed on said display.

4. The device of claim 3 further comprising a user selectable menu
displayed on said display and configured to enable the device to operate in a mode selectable
from the group consisting of a basic mode, a stress reduction mode, a breath calibration

mode, and an options setting mode.

5. The device of claim 1 wherein said controller is configured to include
an audio signal processor and a breath state machine, said breath state machine being
configured to detect each breath and make adjustments to the audio signal processor, so as to

provide the output signal to the user.

6. The device of claim 1 wherein said controller is configured to operate
in one of several functional modes, said functional modes comprising a basic mode, an anti-

snore mode, a stress reduction mode and a fitness training mode.

10
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7. The device of claim 6 wherein in said basic mode, the user is enabled

to set at least one of the output volume and effects presets.

8. The device of claim 6 wherein in said anti-snore mode the device is

configured to detect the wave frequency and volume of a snore.

9. The device of claim 8, wherein in said anti-snore mode, the output
volume incrementally increases as the input volume increases, so as to make the breath
audible to the sleeping person, and when the input breathing becomes more like normal

breathing, the audio feedback matches the new softer volume with a softer output volume.

10. The device of claim 6, wherein in said stress reduction mode the

device is configured to add background sounds with the user’s breath.

11. ~ The device of claim 10 wherein said background sounds are selectable

by the user from pre-programmed options.

12. The device of claim 10 wherein said background sounds are selectable
by the user from the group consisting of water sounds, nature sounds, music, a drone and

combinations thereof.

13. The device of claim 6 wherein in said fitness training mode, the device
is configured to add the sound of a pulse along with the user’s breath. The pulse acts as a cue
for the user to breathe at a certain rate or tempo, supporting cardio programs and heart rate

variability training.

14. The device of claim 13 wherein the rate and sound level of the pulse

are selectable by the user.

11
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