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(57) Abstract: A method and a system is provided for enabling a person to continuously self-monitor their stress levels so that, when
they monitor an unacceptable stress level, they can provide biofeedback to control that stress level. The system includes a sensor
(12) attached to the person which detects or otherwise measures stress levels. The sensor (12) is configured to be attached to the per -
son for a continuous period over which their stress levels are to be self-monitored, and to continuously transmit a signal indicative of
the stress level at that time during the period. The system also includes a mobile computing device (20) which includes executable
software and receives the continuously transmitted signal from the sensor (12). Electronic means are included for causing the visual
display of the stress levels to the person during the period. The visual display (26) displays to the person the monitored stress levels
to enable the person to provide bioteedback to control or manage any stress levels which are unacceptable.
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A BIOFEEDBACK, STRESS MANAGEMENT AND
COGNITIVE ENHANCEMENT SYSTEM

Technical Field

This inveation concerns a tvpe of bioteedback system applied to human stress
management, and cognitive performance measurement and enhancement. Aspects of
the mvention include a biofeedback device, a mobile compuating device, biofeedback

and game software, a server computer and a method for implementing the system.
Background Art

Bioteedback devices have been psed for some time to provide an external means of
measaring and visualizing internal biological and physiological processes within the
human body, such as bramwaves, heart function, breathing, muscle activity, skin
moisture and skin temperature. These devices rapidly and accurately feed back such
information to the subject. The presentation of this information — often in conjunction
with conscious changes in thinking, emotions, and behaviour — supports desired
physiological and psychological changes. Over time, these changes can endure without

continued use of such an mstrument,

Biofeedback is a process that enables an mdividual to learn how to deliberately change
physiological activity for the purposes of monitoring and improving personal physical
and psychological health and/or cognitive performance. In particular, it is known i the
field of neurescience that conscions control of the breathing process in a subject can
result in a degree of control over the level of physiological and psychological stress
expetienced by the subject, in such a way that as the level of stress is reduced through
deliberately controlled breathing, there is a corresponding increase in cognitive
capacity and capability in the subject.

A further aspect of the background art 15 the distinction between physiological and
psychological stress. Physiological stress 1s caused by an excess of sensory stimulation
{(factors external to the human body); psvchological stress is caused by self-worry and
anxiety — it i1s a self-inflicted state. The root cause of both types of stress 15 the
engagement of the “fight or thght” response. A leading indicator of the level of both

physiological and psychological stress in a subject iz the variability in heart rate
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measured over a time period. A low variability in the heart rate over time is indicative
of a high level of stress in the subject, while a large variability in the heart rate over
time indicates a low level of stress. Thus the presentation to the subject of their
physiological or psychological stress level (measured as heart rate variability) allows
them to lower their level of stress and optimise their level of cognitive parformance by
regulating their breathing accordingly.

In one known biofeedback system (soww heartnath.comn) a hight sensor attached to a

subject’s ear lobe or finger detects pulses of the heart throngh “blood pulse oximetry”
{(www.oximetry.ony/pulscox/principles tm) and feeds the heart pulse signal to a

hardware processing device, In tum, the bardware processing device 1s connected 1o a
computing device such as a laptop computer, and associated software causes the
display of the subject’s heart rate and heart rate variability. The subject is thus able to
mmmediately assess the effects of conscious attempts to affect the heart rate by
deliberately altering various physiological processes. such as the breathing rate and

breathing depth.

In another known system (httpywww azunuegonm) the subject places their finger over

both the camera and hight source on a mobile computing device, which has an installed
software application to measure heart rate variability. The light sowrce is then enabled,
providing a degree of reflected light from the subject’s finger back to the camera. The
variation m Hght intensity detected by the camera is indicative of the subject’s heart
rate {(blood pulse oximetry). The heart rate vaniability 15 thus able to be computed and
subsequently shown on the display of the mobile computing device. As in the prior
example, the subject is able to assess the effects of conscrous attempts to atfect the
heart rate by deliberately altering various physiological processes, such as the breathing

rate and breathing depth.

A further aspect of the background art relates to phenomena observed in neuroscience
where the human brain becames “locked on™ m the physiological stress response state,
due to the generally increased amount of brain sttmuli humans are subjected to in
medern information-based econonues. In this state of existence humans are largely
unaware of the persistent state of stress. The brain treats all stimuli as something to be
examined for “threat’ potential. When too much stimulos impinges on the brain at any
one time, its ability to discern ‘threat or non-threat’ s compromised. Therefore the
brain enters a state of overload and treats the stinuhi as a threat and so the peurological
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mechanism known as the “fight or flight’ response becomes locked on. In effect the
brain becomes addicted to old thought patterns {and subsequent repetitive behaviours)
because it is unable to attain access to the higher cognitive processes in order to do
something new or different. Hence cognitive performance 18 sub-optimal in ths
situation. These hidden phenomena present clinically as repetitive behaviowrs, inability
to change behaviour despite a desire to do so, and consistent anxiety or feelings of

uigdase.

A vet further aspect of the background art relates to the psychological effects of playing
computer games (also known as “video games” or “mobile apps™). It 15 widely
acknowledged that there is a high level of pleasure experienced by many subjects in the
playing of such computer games, which causes the subjects to desire to play the games
on a regular basis. It will be shown that exploiting the pleasurable properties of playing

computer games are an important aspect of the invention.
Summary of the Invention

In a broad form, the invention is a biofeedback method and system suitable for
measuring the pulse rate of the human heart, and optionally, the nature of the subject’s
breathing as well (breathing rate, breathing depth, breathing type - chest or diaphragm -
collectively known as the “breathing profile”), along with a stress analysis and

manggement systen.

Accordingly, a first aspect of the present mvention resides in a method for enabling a
person to continnously self-momitor thetr stress levels so that, when they monitor an
unacceptable stress level, they can provide biofeedback to control that stress level, the
method comprising:

attaching to the person a sensor for detecting or otherwise measuring stress
levels, the sensor contigured to be attached to the person for a continuous period over
which their stress levels are 1o be self-monitored, and to continuonsty transmit a signal
indicative of the stress level at that time during the period,

providing a mobile computing device including executable software for
recerving the continuously transmitted signal from the sensor, and including electromic
means for causing the visual display of the stress fevels during the period, and

displayving to the person the monitored stress levels to enable the person to
provide biofeedback to control or manage any stress levels which are unacceptable.
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A second aspect of the present invention resides in a system for enabling a person to
continuously self-monitor their stress levels so that, when they monitor an unacceptable
stress level, they can provide biofeedback to control that stress level, the system
comprising:

a sensor attached to the person which detects or otherwise measures stress
tevels, the sensor configured to be attached to the person for a continuous peried over
which their stress levels are to be self-monitored, and to continwously transnut a signal
indicative of the stress level at that time during the period,

a mobile computing device which includes executable software and receives the
continuously transmitted signal from the sensor, and including ¢lectronic means for
causing the visual display of the stress levels to the person during the period, and

a visual display which displays to the person the monitored stress levels to
enable the person to provide biofeedback to control or manage any stress levels which

are unacceptable.

Preferably, the stress levels are indicated by the variation in the heart pulse rate of the

person, and the sensor is a heart pulse sensor.

In a more preferred form, the heart pulse sensor comprises a light sensor device, such

as an LED light sensor device or an mfra-red sensor device.

Alternatively, the heart pulse sensor may comprise one or more electro-cardiogram

(ECG) sensor devices,

The biofeedback method and system comprises, in a preferred embedunent, a mobile
computing device that transmits an electronic signal via wired or wireless means to an
LED light emitter device which is part of an LED light sensor device, and that recetves
an electronic signal via wired or wireless means from a corresponding LED light
recetver device which 15 also a part of the LED light sensor device and is matched to
the ennitter device and placed in close proximity to it. In one implementation, this is a
small peg-like chip 1 situ on the ear lobe or finger of the subject. In another
mmplementation, this is a small wireless (e Bluetooth)} device placed in situ around or
over the ear with a clip on the ear lobe, or worn on or around the wrist, chest, upper
armi or other suitable location on the body, whereby the LED light receiver device
detects LED light trom the LED hght emutter device which has passed through a blood
vein or artery under the surface of the skin. Based on the variation in the intensity of
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detected LED light signals, the computing device 1s able to cause the display of the rate
of heart beats of the human subject on a visual display. Heart rate variability over a
period 1s then derived from this measurement and can also be digplayed. Other heart
pulse sensing technologies may optionally be employed, such as electro-cardiogram
{ECG) pulse rate detection utilizing one or more ECG sensor devices. In the first
tnstance, this heart rate variability measurement provides a notification or an alert to
the subject that they are stressed. In the second instance, this measurement provides
direct feedback to the subject about the effectiveness of their attempis to deliberately
regulate their heart rate through control of their breathing,

In another aspect, the mvention can include analysis of signals derived from a
microphone embedded in, and connected to, the mobile computing device, such signals
being collected as the subject inhales and exhales. The microphone detects the
breathing rate, breathing depth and breathing type that are indicative of the breathing
profile of the subject. These signals can be analysed by the mobile computing device to
determine or measure the breathing profile of the subject, which information can then
supplement the heart rate measurement to provide direct and improved feedback to the
subject. In the first instance, this breathing biofeedback provides a means for the
subject to better measure their efficacy in regulating or controlling their breathing

correctly, as a means to reduce or otherwise control their stress level.

in a further aspect, the invention provides a method for collecting data and creating
statistics related to the biofeedback information produced by the subject’s use of the
system of the invention, the method comprising the steps of?

collecting usage data from the subject (such as frequency and duration of ase,
ability of the subject to control stress through breathing):

transmitting said data to a remote server (computer) and storing said data in a
database:

collating, analysing and presenting said data in various formats.

In a further aspect, the invention provides a method for collecting and analysing other
data and information which is not produced directly by the biofeedback system but
which is relevant for a complete understanding of the sources of siress in the subject’s
hte, the method comprising the steps of:

providing an interface or other means of collecting or harvesting soctal media

data such as calendar or diary events, appomntments, meetings, Twitter feed messages,
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Facebook and similar postings, Instagram and similar postings and other social media
or electronic messages;

using electronic or other sensors built in to or attached to the mobile computing
device to collect information or data, or otherwise accessing information available from
web sites or other information sources, related to the environment around the subject,
such as ambient noise level, light intensity, ambient activity level, geo-spatial
orientation, or the type of physical activity being undertaken by the subject;

using electronic or other sensors built in to or attached to the mohile computing
device to collect information or data related to aspects of the subject’s sleep, such as
but not Timited to quality, type of sleep, brain pattern, depth, doration, mtermittency;

psing mformation and data entered by the subject, or otherwise collected or
harvested from third party information sources including apps installed on the mobile
computing device regarding the subject’s diet (food types, calorific intake, food intake
frequency and regularity and other related information);

using electronic or other sensors built in to or attached to the mobile computing
device to collect information or data related to aspects of the subject’s health and
exercise or activity patterns and behaviours;

providing a display of the subject’s stress level over time;

plotting said soctal media data and events on the said display of the subject’s
stress level over time;

plotting said environmental data and evenis on the said display of the subject’s
stress level over time;

plotting said sleep data and events on the said display of the subject’s stress
level over time;

plotting said diet data and events on the said display of the subject’s stress level
over fme;

plotting said health and exercise data and events on the said display of the
subject’s stress level over time;

correlating the occurrence of increased (or decreased) stress levels with the said
social media, environmental, sleep, diet and health and exercise data and events;

analysing, grouping, filtering and sorting {(“processing”} the said correlated data;

providing a graphical or text summary of the said processed correlated data.

In a yet further aspect, the invention provides a method for implementing a bioteedback
stress management and cognitive enhancement training system, the method comprising
the steps of:
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receiving heart pulse rate signals and optionally breathing signals from the
human subject, and analysing these signals in software structured as a computer game,
which executes on the same mobile computing device as the biofeedback measurement
software;

the progress of the subject through the computer game is determined partly or
wholly by their ability to consciously control their physiological processes (e.g.
breathing rate, breathing depth, breathing type {chest or diaphragm}), and therefore
heart rate variability;

other aspects of the game may be influenced by the subject’s control of these
physiological processes;

other physiological processes may be used to mfluence the subject’s control

over aspects of the game,

In a still further aspect, the mvention is sofiware for mmplementing the methods

described above.

It is an advantage of the mvention that any mobile computing device equipped with
gither an audic mput/output comnector jack or a wireless mterface {(e.g. Bluetooth
wireless technology or similar) may be used (such as an 1Phone, iPad, Android or
“Windows Mobile” mebile computing device). This creates ubiquitous avatlability for

a wide range of end users without relying on a specific hardware platform.

It 15 a further advantage of the invention that no separate hardware processing device 13
required. The light sensor device or electro-cardiogram sensor device may connect
directly to the aforementioned audio connector jack or wireless interface, with no
mtermediate hardware processing device required. This provides a high convenience

factor at a low cost. Some other systems require a separate hardware device.

It is a further advantage that breathing efficacy can be monitored with the same niobile
computing device, via direct audio detection of exhalation and inhalation, which
provides improved biofeedback mformation in the context of this invention. Other
systems provide only heart rate variability biofeedback, without the additional step of

measuring inhalation and exhalation directly.

it is a further advantage of the invention that the subject can make continuous or semi-
continuous use of the biofeedback system specifically because 1t is based on a mobile
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computing device, designed to be carried continuously or worn contingously by the
subject, and because the means of mounitoring the subject’s heart rate is both
unobtrusive and conventent. The subject is therefore able to continucusly monttor their
psychological condition and cogniiive performance regardless of their location, activity
ot the tme of day. Because humans are generally unaware of whether or not they are in
a state of physiological {or psychological) stress, this advantage means it is possible to
effectively counteract the deleterious effects of repetitive or continuous exposure to
stress  creation  situations. This means the system utilisation is high, with a
corresponding high degree of effectiveness in counteracting stress. Other systems
which do not provide contingous monitoring are not effective it counteracting stress,
because they are often not used at the ttime when the subject actually requires thetr use
(1.e. when they are stressed) as the sabject 13 usually unaware of their own stressed

state.

It is a further advantage of the mvention that the subject can undertake a cognitive
improvement process without the monotony of a rote learning regime, by using
associated computer game software {otherwise known as a “mobile app”) which
meorporates the biofeedback mformation. The elentents of game design incorporated m
the software cause the subject to desire its use, rather than {o consider its use as a chore.
With regular practise by the subject, the expected outcome can be greater cognitive

capacity and capability in the subject on a permanent basis.

It 1s a further advantage of the mvention that the koown pleasurable properties of
playing a software game are exploited to cause the subject to desire its use on a regular
and ongoing basis. Hence the intent of the software game (which is to train the subject
m correct breathing technique in order to reduce stress and thereby ncrease cognitive
performance)} is disguised by the pleasurable properties of playing the game. It is
through this pretext that the subject then undertakes the requisite regular practise of the

breathing technmigue i order to ensure the success of the training.

It 185 a4 further advantage of the mvention that the progress of the subject through the
software game is determined by the subject’s ability to control aspects of their body
physiclogy, such as breathing rate and breathing depth, This adaption of the game
parameters to swit the subject’s physiological control ability creates an optimum
environment for traiming the subject in correct breathing technique, and hence

maximises beneticial outcomes for the subject. Other systems do not provide a software
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game which has the biofeedback data coupled with the subject’s progress through the
game,

It is a further advantage of the invention that the correlation bebween siress data and the
data taken from social media, calendars, environmental conditions, sleep patterns, diet,
health and exercise and other inputs can guide the subject in leaming which life events,
sttuations gnd environments create stress, increase stress and decrease stress, and
therefore the subject is able to take actions or make decisions to reduce the specific
sources of stress, as desired. It should be emphasized here that this functionality is only
made possible by the continnous self-monitoring of the subject’s stress levels, ag
elucidated above, Other systems where the stress level monitoring 15 not contingous are

not effective 1o this respect.

Brief Summary of the Drawings

In order that the present invention may be more readily wnderstood and put into

practical effect, reference will now be made to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a stress level monmitoring and biofeedback system

according to a first embodiment of the present invention,

Figure 2 15 a Stress Correlation Chant plotting over time (a) a person’s stress level as
measured by the system of the present mvention, (b) the degree of correlation between
the person’s calendar events and the person’s stress level, and {¢) the degree of
correlation between the person’s general health and the person’s stress level,

Figure 3 is a schematic diagram of a stress level monitoring and biofeedback system

according to a second embodiment of the present invention,

Figure 4 is a schematic diagram of a stress level monitoring and biofeedback system

according 1o a third embodiment of the present imnvention, and

Figure 5 is a schematic diagram of a stress level momtoring and biofeedback system

according to a fourth embodiment of the present mvention.
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Detailed Description of the Invention

A first preferred embodiment of the system of the present invention comprises the

elements arranged as shown in Figure 1.

As illustrated in Figure 1, an ear clip 10 contains an embedded heart pulse sensor 12
which comprises an LED light enuitter device on one side of the ear clip and an LED
light receiver device on the other side of the ear clip. The ear clip 10 15 placed over the
lobe 14 of the ear 16 using the spring action of the ear clip to ensure close physical
coupling between the heart pulse sensor 12 and the ear lobe. Close physical coupling is
required to ensure LED hight passes throogh the ear lobe 14 from the emitter device 1o
the receiver device within the heart pulse sensor 12, Although an LED hght sensor
device 13 used in this embodiment, it will be apprectated that an infra-red sensor device

or other suitable light sensor device may alternatively be used.

The mobile computing device 20 generates high frequency andio signals and transmits
these signals in the form of electrical energy from its andio jack 22 into the sensor
cable 24. The signals energise the emitter device in the heart pulse sensor 12 where the
signals are converted into LED light, and this LED light is passed through the ear lobe
14. As the human heart pumps blood through the ear lobe 14, variations occur in the
mtensity of received LED light energy at the receiver device in the heart pulse sensor
12, The received LED light energy is converted back to electrical energy by the
recetver device i the heart pulse sensor 12 and passed through the sensor cable 24 and
then through the microphone input in the audio jack 22 into the mobile computing
device 20.

Software installed in the mobile computing device 20 amplifies, filters and processes
the received heart pulse signal using mathematical alporithms in order to calculate the
heart pulse rate. It is then a simple computing process to derive the heart rate variability
from this result and show this on the mobile computing device (MCD) display 26 in the

form of a graph or digital number format.

A further function of the software installed i the mobile computing device 20 is g data
analysis function. The data analysis function causes the display of information on the
MCD display 26 which gides the subject to breathe in such a way as to regulate their
heart rate variability. The mformation mdicates whether the subject’s breathing rate
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should be decreased, increased or remain the same, whether the subject should breathe
deeper, shallower or with the same depth, and whether the subject shounld breathe with
more, less or the same amount of chest movement and more, less or the same amount
of diaphragm movement (collectively referred to as the “breathing profile™). Factors
involved in the calcolation and presemtation of this nformation inchude the subject’s
age and sex.

An extra function of the software installed in the mobile computing device 20 is {o
provide a method for determining the breathing profile of the subject. The molule
computing device 20 uses the integrated microphone 28 to directly and accurately
measyre the breathing profile of the subject. The subject places the microphone 28
short distance from thewr mouth, and as they breathe the microphone measures the
natore of their exhalations and inhalations. The software in the mobile computing
device 20 uses the data analysis function to calculate the subject’s breathing profile.
The MCD display 26 1s then used to display to the subject, in plain text and graphics,
indications or suggestions to modify their breathing profile to try and attain a profile
closer to the ideal, which would then result in an eptimal cutcome for stress relief for

the subject.

The mobile computing device 20 communicates with a remote database 30 using
standard mobile device communication technologies via a wireless internet connection

32,

The remote database 30 has an associated software programi which processes data
residing in the database, and which controls the data sent back to the mobile computing
device 20 from the database. User statistics for the following variables are stored in the
database 30: Frequency and time of use of the software installed in the mobile
computing device 20; how quickly or slowly the subject makes progress in learning to
breathe effectivelv; age of the subject; sex of the subject; approximate location of the
subject when the software is used by the subject; other varables as are able to he
collected or determined. Over a peried of time the aggregate data can be used to
analyse and understand the health and well-being trends of large groups of people, as
an awl in determiming government, public or private health and well-being policies,

programs and activities, or for other analyses and purposes.
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An extra function of the software installed in the mobile computing device 20 is that it
ts able to imteract with other installed software, or with data residing either in the
memory of the mobile computing device 20 or in the personal user account of the
subject, which may exist in a real or virtual location remote from the mobile computing

device (for example in the “iClond™ service provided by Apple).

The software mstalled in the mobile computing device 20 may provide an mterface or
other means of collecting or harvesting social media events and data, such as calendar
or diary events, appointments, meetings, Twitter feed messages, Facebook and similar
postings, [nstagram and similar postings and other social media or electronic messages.
These events and data are plotted on a calendar or time scale shown on the MCD
display 26, along with the subject’s stress history (as determined by the invention).

In another embodmment, electronic or other sensors built m to or attached to the maobile
computing device 20 collect information or data related to the environment arcund the
subject (“environmental information™), such as ambient noise level (via the microphone
28}, light intensity {via a camera or light sensor), ambient activity level {whether the
subject is situated in a busy environment with other people or moving objects, via a
camera), peo-spatial orientation (via a gyvroscope, accelerometer or other suitable
ortentation sensor), and the subject’s tvpe of physical activity {whether stationary,
moving gently, vigorously, fast, slow or other classification, via an accelerometer or
GPS or other surtable activity sensor). The software installed on the mobile computing
device 20 analyses, groups, sorts and filters this environmental information and the
result 15 plotted on the said calendar or time scale shown on the MCD display 26, along

with the subject’s stress history.

in yet another embodiment, electromic or other sensors built in fo or attached to the
mobile computing device 20, or third party mobile apps installed on the mobile
computing device 20, collect information or data related to the sleep patterns of the
subject. Such information may include, but s pot hmited to, sleep times, sleep
regularity, sleep quality, sleep depth, sleep and wake cycle timing, sleep interruptions,
brain wave patterns and other related information. The software installed on the mobile
computing device 20 analyses, groups, sorts and filters this sleep information and the
result is plotted on the said calendar or time scale shown on the MUD display 26, along

with the subject’s siress history.
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In still another embodiment, information and data entered by the subject, or otherwise
collected or harvested from third party imformation sources, including mobile apps
tnstalled on the mobile computing device 20, are collected regarding the subject’s diet.
Such information may include, bot is not limited to, food types, calorific intake, food
intake frequency and regularity and other related information. The software installed on
the mobile computing device 20 analyses, groups, sorts and filters tlis dietary
mformation and the result 15 plotted on the said calendar or time scale shown on the

MCD display 26, along with the subject’s stress lustory.

In a forther aspect, electronic or other sensors built in to or attached to the mobile
compoting device 20 collect information or data related to aspects of the subject’s
health and exercise or activity patterns and behaviours. Such information may nclude,
but is not limited to, the existence of specific health issues or conditions {for example
diabetes), specific health events (such as the occurrence of a heart attack), health
assessment events {such as a doctor’s visit), exercise patterns {such as time of day a
workout is performed and its duration), type or classification of exercises performed
(such as walking, running, bicep curls, bench press, aercbics class, karate), calorific
burn, and frequency and duration of exercise. The software installed on the mobile
computing device 20 analyses, groups, sorts and filters this health and exercise
information and the result is plotted on the said calendar or time scale shown on the

MCD display 26, along with the subject’s stress history,

In this way, the software nstalled on the mobile computing device 20 13 able to
correlate the occurrence of mcreased (or decreased) stress levels with the said social
media events, environmental information, sleep miormation, dietary mformation, and
health and exercise information, and to highlight this correlation to the subject. The
strength of the correlation between the stress levels and each of the vartous causal
factors mentioned above is rated by the software and displayed on a scale, so that the
subject is able 1o determine which causal factors have the greatest contribution to stress
creation or stress alleviation. The subject is thus able to understand which evenis,
environmental factors, and lifestvle factors create or increase or alleviate stress the
mest, and consequently the subject has the possibility to manage the said factors which

create or increase stress the most and to benefictally reduce thewr impact.

This correlation functionality s illustrated in Figure 2, which represents one
tmplementation of the software displayed on the screen of the mobile computing device
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20. The Stress Correlation Chart 40 has a time scale on one axis, which may use unils
of minutes, hours, days, weeks, months, vears or any other desired time unit. The other
axis has a dual-purpose axis with a unit of “percentage”. Other relevant units may be
used. The Stress plot 42 shows the subject’s stress level over time, expressed as a
percentage (%), The Calendar plot 44 shows discreet calendar events represented as
dots, taken from the said social media and personal calendar data and events. The
Calendar plot 44 shows the degree of correlation between the said calendar and social
media events and the subject’s stress level, also expressed as a percentage. Thus in the
ingtance shown in Figure 2, there 15 a 90% correlation between the calendar event at
time 12:00 shown on plot 44 and the subject’s 20% stress tevel shown on plot 42. This
could be interpreted as meaning that the particular calendar event at time 12:00 lowered
the subject’s stress level. Conversely, the calendar event at time 9:00 shown on plot 44
reveals an 85% correlation with the subject’s relatively high stress level of 55% shown
on plet 42, This could be interpreted as meaning that the particular calendar event at
time 9:00 increased the subject’s stress level. The subject’s Health plot 46 shows in ths
instance a 100% correlation between the subject’s general health and the variation in
stress levels, with the calendar events as the primary variable.

Other correlation data can be plotted against the subject’s stress level, such as the said
social media events, calendar events, and health, exercise, dietary, sleep and
environmental information. Anv combination of these may be correlated with stress
and with each other, and plotted as descnibed. In this way, the subject may become
benefictally aware over time of the said events and hifestvie factors which mcrease or
decrease their stress levels. The subject then has the information required to

beneficially make lifestyle changes as desired.

it should be appreciated that the method shown in Figure 2 is only one of many
possible ways of showing the stress correlation with the subject’s data. Enhancements
to the displayed iformation may include, but are not limited to: ldentitving with a
symbol or icon the source or identity of each calendar event shown on plot 44; using
colour to indicate highly correlated events and data on plots 42, 44 or 46, or using

various colours to indicate degree of correlation or other variable.

Referring to Figure 1, the software which performs this correlation function preferably
resides on the mobile computing device 20 but can alternatively reside on a remote

server ar computing platform, which exchanges raw and processed data with the



WO 2015/095924 PCT/AU2014/001173

10

18

9%}
L

15

database 30. In this instance, the display of the data can occur on any remote computing

device able to access the data on the database 30.

In a preferred embodiment, the executable software installed in the mobile computing
device 20 comprises software to play a computer game or elements of a computer game
tncorporated into the structure of the software. The computer game presents a challenge
or series of challenges to the subject in such a way that the ability of the subject to
overcome the challenges is dependent on the etfficacy of the subject m controlling

hisfher breathing profile, as measured by the invention,

One embodiment of these challenges 1s a senies of “worlds”™ or “levels” in the game,
where there are specific obstacles fo overcome or puzzles to solve: as these are
overcome ot solved the subject makes progress towards the next world or level in the
game, where the obstacles or puzzles are more complex and therefore more difficult to
solve or overcome. In this way the subject 1 motivated to regularly play the computer

game by a sense of progress, with constant challenges and rewards.

A further function of the game software is to provide mstructional feedback to the
subject in order to assist with the control and optimisation of the subject’s breathing
profile {thereby lowering stress and increasing cogmitive ability). This feedback 1s
provided m response to the stress levels indicated by variation in heart pulse rate of the
subject. The game software provides either visual or verbal (or both) clues or
mstroctions to direct the subject to change thewr breathing profile (e.g. to breathe deeper
or shallower, or slower or faster, or with more diaphragm movement (less chest
movement) or some combination of these variables). In this way the game software
adapts the pace of leanung to the measured capabilities of the subject, in order to
provide improved leaming outcomes.

An alternative embodiment of the system of the invention comprises the same elements
as previously described and shown in Figure 1, with the exception of the sensor cable
24, which is replaced by a wireless connection 25 (e.g. Bluetooth or other wireless

signal transmission technology).

Referring to Figure 3, a further alternative embodiment of the system of the invention
comprises the same elements as previously described and shown in Figure 1, with the
exception of the ear clip 10, LED light heart pulse sensor 12 and sensor cable 24, which
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are replaced by an electro-cardiogram sensor (ECR), or other heart pulse sensing
technology, embedded in a suitable electrically conductive skin coupling 50 or housed
tn a device which affords a close skin coupling, such as a wrist band or chest strap. The
ECS and skin coupling 50 are preferably held in constant contact with the human body
by contamment within a wrist band, whose circumference can be adjusted to ensure a
comfortable fit while mamtaining a firm pressure against the skin. The ECS in the skin
coupling 50 detects heart pulses by measuring small electrical signals in muscles,
which are indicative of the heart pulse. In this embodiment, the ECS and skin conpling
50 are comnected to the mobile computing device 20, preferably by a wireless
connection 25, In many ECS apphications, more than one ECS will be required to
obtain accurate heart pulse measurements, It should be appreciated that the ECS and
skin coupling 50 can be replaced by an LED light heart pulse sensor 12 similar {o the
one previously described and shown in Figure I, or by any other suitable light sensor
device. In this instance, the LED light is transmitted from an LED light enutter device
m the wrist band mto the skin of the wrist, and 1s reflected back to an LED hight

recetver device contained within the wrist band.

Referning to Figore 4, a vet further alternative embodiment of the system of the
mvention comprises a mobile computing device 32 attached to, or embedded n, eye
glasses 53 or another head-wearable device. The heart pulse sensor may be embedded
m the mobile computing device 52 becanse the mobite computing device has close
proximity 1o the huoman ear 16, Alternatively, an ear chip 10 containing an embedded
heart pulse sensor 12 can be placed over the ear lobe, as shown in Figure 4, and can
continuously transmit a signal indicative of the stress level to the mobile computing
device 52, or indeed the heart pulse sensor could reside in a skin coupling 54 in close
proximity to the mobile computing device 52, such as between the mobile computing

device and the skin.

In the system illustrated m Figure 4, the eve glasses 53 are designed to provide the
subject with a form of augmented reality ("AR™), whereby the mobile computing
device 32 connected to the eye glasses provides situation-context-aware information to
the subject, based on information captured by a camera 56 and input from the subject.
In this scenario, heart pulse rate information could be used to supplement the
augmented reality information in such a way that the cognitive performance of the
subject could be mmproved, based on his‘her cwrent swrroundings and situation

{geographic, spatial, social, physical and other contexts). An example of this 15 where,



WO 2015/095924 PCT/AU2014/001173

10

18

17

under normal circumstances, {(without the AR mput from the glasses) the system of the
mvention might prompt the sabject to breathe with a certain profile becaunse it detects
an increased stress level, but additional information from the AR camera 56 dictates
that the breathing profile shoold be different. In this way, muoltiple sources of
information (not just the heart pulse rate) comtribute to the recommended breathing
profile computed by the software in the mobile computing device 52, resulting in a

better cognitive performance cutcome for the subject than would otherwise be the case.

An extra function of the computer game software installed in the mobile computing
device 52 connected to the eve glasses 53 is to provide real-world information in the
compuoter game, For example, the camera 56 on the eve glasses could capture pictures
which beconte the background to the game. In another example, the subject’s current
surroundings and situation {elements of the current geographic, spatial, social, physical

ot other contexts) could be mcluded in real time as part of the game.

Referring to Figure 5, a still further alternative embediment of the system of the
tnvention comprises a mobile computing device 60 attached to, or embedded in, the
underside of a wrist watch 62 or in the band of the wrist watch, or in another arm-
wearable device. The heart pulse sensor may be embedded in the mobile computing
device 60 because the mobile computing device has close proximity to the human skin,
enabling an embedded heart pulse sensor to easily detect the heart pulse, The heart
pulse sensor could alternatively reside in a separate skin coupling 64 in close proximity
to the mobile computing device 60, for example, placed on the human skin on the wnst

or forearm.
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CLAIMS

1. A method for enabling a person to continwously self-monttor their stress levels so
that, when they monitor an unacceptable siress level, they can provide biofeedback to
control that stress level, the method comprising:

attaching to the person a sensor for detecting or otherwise measuring stress levels,
the sensor contfigured to be attached to the person for a continnous period over which
their stress levels are to be self-monttored, and to continuously transmit a signal
indicative of the stress level at that time duoring the period,

providing a mobile computing device including executable software for receiving
the continvously transmitted signal from the sensor, and including electronic means for
causing the visual display of the stress levels to the person during the period, and

displaying to the person the monitored stress levels to enable the person to provide

biofeedback to control or manage any stress levels which are unacceptable.

2. The method of claim I wherein the stress levels are indicated by the variation in the

heart pulse rate of the person, and the sensor is a heart pulse sensor.

3. The method of claim 2 wheremn the heart pulse sensor comprises a hight sensor

device.
4, The method of claim 3 wherein the hight sensor device is an LED light sensor device,

5. The method of claim 2 wherein the heart pulse sensor comprises one or more electro-
cardiogram {ECG) sensor devices.

6. A system for enabling a person to continuously self-monitor their stress levels so
that, when they monitor an unacceptable stress level, they can provide biofeedback to
control that stress level, the system comprising:

a sensor attached to the person which detects or otherwise measures stress levels, the
sensor contfigured to be attached to the person for a continuous pertod over which their
stress levels are to be self-monitored, and to continuously transmit a signal indicative of
the stress level at that time during the period,

a mobile computing device which includes executable software and receives the
continuously transmitted signal from the sensor, and including electronic means for

causing the visual display of the stress levels to the person during the period, and
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a visual display which displays to the person the monitored stress levels to enable
the person to provide biofeedback to control or manage any stress levels which are
unacceptable.

7. The system of claim 6 wherein the stress levels are indicated by the variation in the
heart pulse rate of the person, and the sensor is a heart pulse sensor.

§. The system of claim 7 wherein the heart pulse sensor comprises a hight sensor

device.
9. The system of claim & wherein the light sensor device is an LED light sensor device,

10. The system of clamm 7 wherein the heart pulse sensor comprises one or more

electro~cardiogram (ECG) sensor devices.

11. The system of claim 9 wherein the LED light sensor device comprises an LED light
emitter device and an LED light recetver device, wherein the LED light emitter device
receives an clectronic signal via wired or wireless means from the mobile computing
device, the LED light emitter device being in close proximity to the LED hight receiver
device which is attached to a location on the body of the person at which there is a
bleod vem or artery under the skin at that location, such that, when the LED light
emitter device receives the electronic signal from the mobile computing device, the
LED light emitter device emits LED light which passes through the blood vem or artery
and 18 received by the LED light receiver device, and any variations in the energy
intensity of the LED light are detected by the LED light receiver device which converts
the variations in the energy ntensity to the continuously fransmitted signal, and
wherein the mobile computing device is configured to cause the visual display of the

heart pulse rate on the visual display.

12. The system of claim 11 wherein the LED light emitter device and the LED light
receiver device are parts of a spring clip which is attached to an ear lobe or a finger of

the person.

13, The system of clanm 10 wherein the or each electro-cardiogram (ECG) sensor
device comprises an electrically conductive device which measures electrical signals in

muscles that are mdicative of the heart pulse of the person, and any variations m the



WO 2015/095924 PCT/AU2014/001173

10

18

20

heart pulse of the person are detected and converted 1o the continuously transmitted
signal, and wherein the mobile computing device is configured to cause the visual
display of the variability of the heart pulse rate on the visual display.

14. The system of claim 13 wherein the electrically conductive device is part of one or
more skin couplings which are worn on or around a wrist, chest, upper arm cr other
location of the body of the person.

15. The system of claim |l wherein the mobile computing device receives the
continuously transmitted signal via wired or wireless means from the sensor device.

16. The system of claim ¢ wherem the mobile computing device 18 connected to eve

slasses,

17. The system of claim 6 wherem the stress levels are controlled by the breathing

profile of the person.

18, The systemn of claim 17 whevein the breathing profile i1s measured by a sensor, and

the sensor 15 a nicrophone connected to the mobile computing device.

19. The svstem of claim 18 wherein the nucrophone detects the breathing rate,
breathing depth and breatlung tvpe that are mdicative of the breathing profile of the
person, and the mobile computing device 18 configured to indicate to the person

madifications to the breathing profile which will reduce the stress levels.

20. The method of claim 1 wherein the executable sofiware comprises software to play
a computer game, the method further comprising:

providing hardware to enable the person to play the computer game and to provide
biofeedback during the plaving of the computer game to comtrol or manage any stress
fevels which are unacceptable, the biofeedback being provided in response to the stress
levels indicated by variation in heart pulse rate of the person, wheremn the progress of
the person through the computer game is determined partly or wholly by their ability to
consciously control their physiological processes, such as breathing rate, breathing

depth, breathing type, and therefore heart rate variability.
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