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NON-INVASIVE BIOFEEDBACK SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a divisional of U.S. Ser.
No. 14/785,261, which 1s the National Stage of PCT/

US2014/011880, filed Jan. 16, 2014, which claims the
priority benefit of U.S. Provisional Patent Application Ser.

No. 61/813,500, filed Apr. 18, 2013, enfitled “MOBILE
BIOFEEDBACK SYSTEM,” each of WhJCh 1s 1ncorporated
by reference 1n 1ts entirety herein.

BACKGROUND
[0002] Field of the Invention
[0003] Embodiments of the mvention are directed to a

non-invasive biofeedback system. More particularly,
embodiments of the mvention are directed to providing a
new system, method, and computer program for using a
computing device with an optical input device, such as a
webcam or mobile phone camera, for non-invasively moni-
toring a physiological parameter of a user and providing
biofeedback to the user based on physiological responses to
physical activity.

[0004] Description of Related Art

[0005] Cardiotocography, the measurement of heart rate,
1s a critical indicator of physiological health and has wide
reaching applications in the medical field. A human’s heart
rate alone 1s the independent risk predictor of cardiovascular

disease and 1s also one of the most frequently used mea-
surements to monitor operator workload and fatigue.

[0006] Traditionally, electrocardiographs (ECG) or pulse
rates have been used to measure a heart rate. Heart rates are
most accurately measured with an electrocardiograph, which
records the electrical activity of the heart over a period of
time. Commercial heart-rate monitoring devices often
include a chest strap with heart-rate monitoring electrodes
and a display (or a receiver such as a watch) for displaying
the gathered data. In the alternative, one can measure heart
rate by taking the pulse rate, by palpating an artery and
counting pulse over a given period of time (beats/minute).
Traditional measurements of heart rate often require the
physically invasive attachment of disposable electrodes on
the skin. Traditional devices are not only inconvenient, but
also have the potential of spreading disease.

[0007] Considering the constant increases ol medical costs
in developed countries and the lack of trained healthcare
personnel 1n less-developed countries, a need 1s presented
for a more convement and aflordable solution to measure
heart rate. One of these needs may be solved by the
implementation of cardiotocographical functionality on a
general computing platform, such as a personal computing
device. It 1s known in the relevant art that light reflections off
a human face changes as blood palpitates throughout the
tace, thereby causing rhythmic changes 1n the color space
(e.g., “RGB” (red, green, and blue) pixel values, HSV (Hue,
Saturation and Value) pixel values) detected by a camera.
With the night software, a computer and a camera 1n com-
munication with the computer are capable of detecting these
changes 1n the color space for stationary subjects. However,
accuracy and functionality have been limited by current
developments.

[0008] Computers are generally available i the majority
of households and/or medical facilities. The implementation
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of cardiotocographical functionality on a general computing
plattorm can provide great benefits to a wide array of
health-related applications. Further, mobile platforms such
as cell phones, now have comparable processing power to
desktop computers and can make for very portable solutions.
[0009] Compared to the traditional approach, mobile car-
diotocography has the advantage of ubiquitous and easy data
logging, along with portability. Users with smartphones
often carry their phones around for most of their daily
activities—this provides for the potential of assessing a
user’s heart rate at any given moment. For example, large
populations of users carry their cellphones while exercising
to stay connected and to listen to music. While modern
exercise machines have made attempts at measuring a user’s
heart rate using electrodes built into machine handles or
utilizing wearable monitors like chest straps or finger
probes, such monitors are unpopular due to their invasive
nature, the constant interruptions required for measurement
during an exercise regimen, and the likelithood of spreading
unwanted germs. Nevertheless, there are great benefits of
heart rate monitors being used with exercise machines. For
example, biofeedback provided to a user undergoing an
exercise routine can provide the user with signals as to their
ideal range of heart rate and the optimal intensity for
maximizing results of an exercise regimen. Biolfeedback,
however, 1s most beneficial when a constant measurement 1s
tracked and used for adjusting intensity as needed 1n real-
time.

[0010] Modern technology, specifically mobile devices,
has revolutionized the way users keep track of their personal
data and share such data to the world. Fitness routines and
results, for example, are one of the many data points users
like to keep personal records for and share to their social
media audience. A commonly perceived downside of mod-
ern exercise machines 1s the lack of personalized record
keeping. Generally, 11 a first user utilizes machine-incorpo-
rated biofeedback technology, their exercise regimen and
biofeedback records remain on the machine and records are
ultimately deleted upon the commencement of a second
user’s exercise routine. Computing devices, on the other
hand, have the convenience of data storage in either the
device memory or on a remote server.

[0011] Accordingly, there 1s a need for a non-1nvasive and
portable approach to cardiotocography that provides a user
the convenience and accuracy of real-time biofeedback, the
ability to optimize exercise regimens based on calculated
factors incorporating the real-time biotfeedback data, and the
ability to keep a personal and/or mobile record of the data
over a period of time for the calculation of a collective,
long-term biofeedback.

SUMMARY

[0012] The invention provides for a method, system, and
computer program Ifor non-invasively measuring a non-
stationary user’s heart rate and providing bioteedback. More
particularly, the invention provides for a method, system,
and computer program for using a computing device with an
optical camera for non-invasively measuring physiological
parameters ol a user during exercise and providing biofeed-
back to the user based on such measurements. In another
embodiment, the invention i1s operable to non-invasively
determine the user’s heart rate, process the associated data
with user-specific factors, and send data to a user’s exercise
machine operable to modily the intensity in real-time for
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achieving optimization of the user’s exercise regimen. Even
turther embodiments of the invention are operable to collect
records of the data over a period of time to calculate a
collective, long-term biofeedback.

[0013] When determining a user’s heart rate, embodi-
ments of the mvention utilize a computing device and a
camera operably in communication with the computing
device. The invention utilizes a computing device and a
camera operably in communication with the computing
device for optically observing a user, detecting changes 1n
color channel values of the user’s facial pixels, running
signal processing algorithms on the live data feed, and
producing an accurate measurement ol heart rate.

[0014] Embodiments may further determine, based on a
user’s heart rate at a particular moment 1n time, a biofeed-
back for display to the user. The biofeedback may be
operable to inform the user 11 they are below or above their
anaerobic threshold, typically determined by analyzing the
user’s current heart rate and comparing said current heart
rate to the user’s heart rate training zone. Heart rate training,
zones are generally known 1n the art to be calculated with a
user’s maximum heart rate, resting heart rate, and age, or
more accurately by performing cardio assessments for deter-
mination thereof. The invention may mnvolve a computer
program for receiving and storing the user’s traiming zone
data, or rece1ving and storing data associated to the detected
physiological parameter, and utilizing such data to perform
cardio assessments determining the user’s training zones.
The mvention may further provide the user with biofeedback
during exercise, and provide real-time instructions to the
user or exercise machine for enabling the user’s optimal
aerobic intensity. Finally, the invention may provide the user
with biofeedback 1n a post-workout, non-monitoring state,
such that a biofeedback 1s calculated based on a collective
record of data over a period of time for the purpose of
advising the user on how to further optimize their exercise
routine.

[0015] This summary 1s provided to introduce a selection
ol concepts 1n a simplified form that are further described
below 1n the detailed description. This summary 1s not
intended to 1dentily key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used to limait
the scope of the claimed subject matter. Other aspects and
advantages of the mvention will be apparent from the
following detailed description of the embodiments and the
accompanying drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the invention are described 1in
detail below with reference to the attached drawing figures,
wherein:

[0017] FIG. 11satlow chart of a method of non-invasively
detecting a physiological parameter and using said param-
cter for providing biofeedback;

[0018] FIG. 2 1s a functional block diagram of an exem-
plary operating environment in which an embodiment of the
invention can be implemented;

[0019] FIG. 3 1s a flow diagram of an exemplary process
flow of embodiments of the invention;

[0020] FIG. 4 15 a perspective view of a user utilizing an
embodiment of the invention; and

[0021] FIG. 5 1s a perspective view of a user utilizing
another embodiment of the invention.
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[0022] The drawing figures do not limit the invention to
the specific embodiments disclosed and described herein.
The drawings are not necessarily to scale, emphasis instead
being placed upon clearly illustrating the principles of the
invention.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

[0023] The following detailed description of the mnvention
references the accompanying drawings that illustrate spe-
cific embodiments 1n which the imnvention can be practiced.
The embodiments are intended to describe aspects of the
invention in suilicient detail to enable those skilled 1n the art
to practice the invention. Other embodiments can be utilized
and changes can be made without departing from the scope
of the invention. The following detailed description is,
therefore, not to be taken 1n a limiting sense. The scope of
the invention 1s defined only by the appended claims, along
with the full scope of equivalents to which such claims are
entitled.

[0024] In this description, references to “one embodi-
ment,” “an embodiment,” or “embodiments” mean that the
feature or features being referred to are included 1n at least
one embodiment of the technology. Separate references to
“one embodiment,” “an embodiment,” or “embodiments” in
this description do not necessarily refer to the same embodi-
ment and are also not mutually exclusive unless so stated
and/or except as will be readily apparent to those skilled 1n
the art from the description. For example, a feature, struc-
ture, act, etc. described 1 one embodiment may also be
included 1n other embodiments, but i1s not necessarily
included. Thus, the technology can include a vanety of
combinations and/or integrations ol the embodiments
described herein.

[0025] Embodiments of the mvention are directed to a
computer program, method, and system for the non-invasive
detection of physiological parameters of a user performing
a physical activity, displaying the physiological parameters
to the user, and further providing biofeedback for altering
exercise intensity to meet optimal aerobic intensities specific
to the user’s aerobic training zones. The term “biofeedback™
refers to the provision of a user’s physiological parameters
(e.g., heart rate, respiration rate, etc.) to the user for facili-
tating the training and control of the physiological param-
cter. The term “optimal” or “optimal range,” as used herein
refers to the preferred range of a user’s physiological param-
cters (e.g., heart rate), such that the preferred range 1is
equivalent to an aerobic training zone best suited for achiev-
ing the user’s desired fitness goals. For example, fitness
goals such as weight loss, physical therapy, long distance
cardiovascular fitness, sprint training, acrobic/anaerobic {it-
ness, etc., are all non-limiting examples of a user’s desired
fitness goals and may require training within a variety of
different aerobic training zones over a varying duration of
time. The term “training zones™ as used herein describes a
minimum and maximum value of a physiological parameter,
wherein the mimmum and maximum value set a recom-
mended range for a particular user. Details for determiming,
a user’s training zones are described further herein. It i1s
within the scope of this mvention that a user may have a
plurality of diflerent optimal ranges for achieving a plurality
of different fitness goals. A user may utilize embodiments of
the 1nvention for “optimizing” their exercise regimen, such
that the biofeedback features facilitate the user’s current




US 2017/0202508 Al

exercise to reach those goals more etliciently or effectively.
The optimal or optimized range that 1s preferred may be set
by the user himself, or may be set according to an objec-
tively-designated range according to known training zone
ranges for a desired fitness goal. In either case, this optimal
range can be used to “optimize’ the user’s exercise routine.

[0026] The computer program of embodiments of the
invention comprises a plurality of code segments executable
by a computing device for performing the steps of the
method of the invention. The steps of the method may be
performed 1n the order shown 1n FIG. 1, or they may be
performed 1n a different order, unless otherwise expressly
stated. Furthermore, some steps may be performed concur-
rently as opposed to sequentially. Also, some steps may be
optional or substituted.

[0027] The user of the invention may selectively activate
a program mode for desired operational features. The inven-
tion includes at least two program modes, namely a moni-
toring mode and a biofeedback mode. In further embodi-
ments of the invention, a third program mode, referred to as
an exercise machine control mode, may also be activated by
the user. In all modes, with the exception of an ofl mode, the
functions of a monitoring mode are necessarily activated.

[0028] The computer program and method of embodi-
ments of the invention comprise the steps 100 of detecting
a physiological parameter of a user by (1) collecting user
information 102; (2) tracking a facial area of a subject 1n a
live video feed 104; (3) detecting a first set of at least two
channel values from the facial area of the subject in each
frame of the live video feed 106; (4) performing a function
to make corrective adjustments for subject motion and
changes in lighting conditions on the first set of the at least
two channel values, wherein the results of the function
produce a second set of at least two channel values corre-
sponding to the first set of at least two channel values, such
that a total of at least four channel values are associated to
cach frame of the live video feed 108; (5) transforming the
channel values into a frequency wave pattern 110; (6)
selecting a single channel amongst the at least four channel
values, wherein said single channel provides the strongest
indicia for physiological parameter detection 112; (7) pre-
senting a biofeedback to the user on a display 114. As used
herein, the phrase “channel values™ refers to the reference
values used for describing color. Color reference values are
generally comprised of an array of values used to describe

a specific color 1n a well-known color space (e.g., RGB,
HSV, or HSL) as further described herein.

[0029] The system of embodiments of the invention may
comprise computing devices, servers, and communications
networks to facilitate the functions and features described
herein. The computing devices and servers may comprise
any number and combination of processors, controllers,
integrated circuits, programmable logic devices, or other
data and signal processing devices for carrying out the
functions described herein, and may additionally comprise
one or more memory storage devices, transmitters, receiv-
ers, and/or communication busses for communicating with
the various devices of the system. In various embodiments
of the invention, the computing devices may comprise a
memory element, a communication component, a display,
and/or a user interface.

[0030] The computer program, system, and method of
embodiments of the invention may be implemented 1n
hardware, software, firmware, or combinations thereof using,
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system 200, shown in FIG. 2, which broadly comprises
server devices 202, computing devices 204, and a commu-
nications network 206. The server devices 202 may include
computing devices that provide access to one or more
general computing resources, such as Internet services,
electronic mail services, and data transfer services, and the

like.

[0031] The server devices 202 and computing devices 204
may include any device, component, or equipment with a
processing element and associated memory elements. The
processing element may implement operating systems, and
may be capable of executing the computer program, which
1s also generally known as instructions, commands, software
code, executables, applications, apps, and the like. The
processing element may include processors, microproces-
sors, microcontrollers, field programmable gate arrays, and
the like, or combinations therecol. The memory elements
may be capable of storing or retaining the computer program
and may also store data, typically binary data, including text,
databases, graphics, audio, video, combinations thereof, and
the like. The memory elements may also be known as a
“computer-readable storage medium™ and may include ran-
dom access memory (RAM), read only memory (ROM),
flash drive memory, floppy disks, hard disk drives, optical
storage media such as compact discs (CDs or CDROMs),
digital video disc (DVD), Blu-Ray™, and the like, or
combinations thereof. In addition to these memory elements,
the server devices 202 may further include file stores com-
prising a plurality of hard disk drives, network attached
storage, or a separate storage network.

[0032] The computing devices 204 may specifically
include mobile communication devices (including wireless
devices), work stations, desktop computers 204, laptop
computers 204, palmtop computers, tablet computers 204,
portable digital assistants (PDA), smart phones 204, scan-
ners, exercise machine computers 204, cash registers, cash
drawers, printers, and the like, or combinations thereof.
Various embodiments of the computing device 204 may also
include voice communication devices, such as cell phones
204 or landline phones. In preferred embodiments, the
computing device 204 will have an electronic display, such
as a cathode ray tube, liquid crystal display, plasma, or touch
screen that 1s operable to display visual graphics, images,
text, etc. In certain embodiments, the computer program of
the invention {facilitates interaction and commumnication
through a graphical user interface (GUI) that 1s displayed via
the electronic display. The GUI enables users (e.g., the
consumer, an athlete, an exercise enthusiast, or an admin-
1strator) to interact with the electronic display by touching or
pointing at display areas to provide information to the user
control interface. In additional embodiments, the computing
device 204 may include an optical device such as a digital
camera, video camera, webcam, infrared scanner, optical
scanner, or the like, such that the computing device can
capture, store, and transmit digital images and/or videos.
Any and all components may be directly in communication
with a computing device, or wirelessly connected to a
computing device through a communications network.

[0033] The computing devices 204 may include a user
control interface that enables one or more users to share
information and commands with the computing devices or
server devices 202. The user interface may comprise one or
more Ifunctionable inputs such as buttons, keyboard,
switches, scrolls wheels, voice recognition elements such as
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a microphone, and pointing devices such as mice, touch-
pads, tracking balls, and styluses. The user control interface
may also include a speaker for providing audible nstruc-
tions and feedback. Further, the user control interface may
comprise wired or wireless data transier elements, such as a
communication component, removable memory, data trans-
ceivers, and/or transmitters, to enable the user and/or other

computing devices to remotely interface with the computing
device 204.

[0034] The communications network 206 may be wired or
wireless and may include servers, routers, switches, wireless
recervers and transmitters, and the like, as well as electri-
cally conductive cables or optical cables. The communica-
tions network 206 may also include local, metro, or wide
area networks, as well as the Internet, or other cloud
networks. Furthermore, the communications network 206
may include cellular or mobile phone networks, as well as
landline phone networks, public switched telephone net-
works, fiber optic networks, or the like. The network may be
the Internet, an intranet, or a telecommunications network.
The server device may be any dernivation of the computing
device, operable to store and host data. The server device 1s
operable to accept data packets from a computing device via
a communications network, such as the Internet, a Wi-Fi
link, Bluetooth, Near-Field Communications (“NFC”), a
radio-frequency (“RF”) link, or directly via a manual con-
nection, such as a universal serial bus (“USB”), and Ethernet
port.

[0035] Both the server devices 202 and the computing
devices 204 may be connected to the communications
network 206. Server devices 202 may be able to communi-
cate with other server devices 202 or computing devices 204
through the communications network 206. Likewise, com-
puting devices 204 may be able to communicate with other
computing devices 204 or server devices 202 through the
communications network 206. The connection to the com-
munications network 206 may be wired or wireless. Thus,
the server devices 202 and the computing devices 204 may
include the appropriate components to establish a wired or
a wireless connection. In some embodiments, the server
device and the computing device may be the same comput-
ing device, wherein the computing device servers all func-
tions of the server device.

[0036] The computer program of the invention may run on
computing devices 204 or, alternatively, may run on one or
more server devices 202. Thus, a first portion of the pro-
gram, code, or istructions may execute on a first server
device 202 or a first computing device 204, while a second
portion of the program, code, or instructions may execute on
a second server device 202 or a second computing device
204. In some embodiments, other portions of the program,
code, or instructions may execute on other server devices
202 as well. In additional embodiments of the invention, a
portion of the information to implement the invention may
be stored on the server device 202, while another portion
may be stored on the one or more computing devices 204.
The various processes described herein as being performed
by or using the computer program may actually be per-
formed by one or more computers, processors, or other
computational devices, such as the computing devices 204
and/or server devices 202, independently or cooperatively
executing portions of the computer program.

[0037] In certain embodiments of the invention, the com-
puter program may be embodied in a stand-alone program

Jul. 20, 2017

downloaded on a user’s computing device 204 or in a
web-accessible program that 1s accessible by the user’s
computing device 204 via the network 206. For the stand-
alone program, a downloadable version of the computer
program may be stored, at least 1n part, on the server device
202. A user can download at least a portion of the computer
program onto the computing device 204 via the network
206. In such embodiments of the invention, the computer
program may be an “application,” such as an “app” for a
mobile device. Alter the computer program has been down-
loaded, the program can be installed on the computing
device 204 1n an executable format. The executable form of
the program permits the user to access embodiments of the
invention via an electronic resource, such as a mobile “app”
or website. For the web-accessible computer program, the
user may siumply access the computer program via the

network 206 (e.g., the Internet) with the computing device
204.

[0038] The invention detects physiological parameters of
a user stationary or in motion, as described in the steps of
FIGS. 1 & 3. In a monitoring mode, the invention provides
for the non-invasive detection of the physical parameter
utilizing a camera and an operably connected computing
device, specifically, the detection and calculation of a user’s
heart rate 300. Additional physiological parameters such as
respiration rate, blood concentration, heart rate varnability,
oxygen saturation, lactate levels, aecrobic capacity, anaerobic
capacity, posture, pallor, perspiration levels, and running
speed, may be detected and/or calculated using same or
similar concepts or principles as disclosed 1n the invention.
It 1s within the scope of this invention that such other
physiological parameters may be used 1n conjunction with
the detection of a user’s heart rate to provide more accurate
and in-depth biofeedback analysis to the user. Biofeedback
analysis corresponding to a user’s heart rate requires at least
the collection of some basic information about the user 302,
as further described below in the biofeedback description.
The mvention 1s concerned with detecting the user’s heart
rate while the user 1s stationary or performing a physical act
(e.g., running on a treadmill). The system embodiment of the
invention 1s comprised of a camera operably 1n communi-
cation with a computing device 302, wherein the camera 1s
operable to stream a live video feed to the computing device
for processing 304. Speed of results 1s important in this
invention, therefore embodiments may resize the resolution
of the video frames to speed up processing. As the comput-
ing device receives the live video feed from the camera, the
computer program and the method of embodiments of the
invention utilize computer vision algorithms for detecting
facial areas 304. As used herein, “facial areas” refers to the
forward-facing view of a user’s face, such that at least the
user’s eyes, nose, and mouth are visible to the camera. Facial
area tracking utilizes known facial detection methods such
as skin-color detection or Haar-like feature detection. It 1s
within the scope of the invention to utilize skin-color
detection for embodiments that track a user’s body parts
other than their “facial areas,” as typically tracked using
Haar-like feature detection. Embodiments of the computing
device receive frames streamed from the video feed captured
by the camera, and extract color arrays 306 from the facial
area and perform an independent component analysis (ICA)
to each array from at least two of three color channels to
correct for user head motion and changes 1n lighting con-
ditions 308, resulting 1n a total of at least four color arrays.
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The color channels are generally extracted according to
RGB (Red, Green, and Blue) color space 306, however,

HSV (Hue, Saturation, and Value) and/or HSL (Hue, Satu-
ration, and Lightness) color space representations may also
be used. Embodiments then perform a function utilizing a
Fast Fournier transform (FFT) algorithm 310 on the at least
four vectors of data comprising the color channels and the
corresponding vectors after ICA analysis and correction.
Results of the Fast Fourier transform provide a series of
indicia relative to physiological changes in the body 310.
The highest spikes 1n the series of indicia 312 generally
provide for the best usable data for detecting a user’s heart
rate. However, determining the channel that provides the
strongest indicia for detecting the heart rate may comprise a
variety of methods such as (1) selecting the signal spike that
produces a highest ratio of the peak power over cumulative
power, (2) selecting the signal spike where the ratio between
the highest spike and a second highest spike 1s maximized or
of greatest magnitude, or (3) reporting the highest signal
spike (assumed heart rate) that 1s produced by the greatest
number of channels. Once the channel providing the stron-
gest 1ndicia for detecting the physiological parameter is
selected, the physiological parameter may be calculated
from the series of indicia, and a biofeedback may be
determined and presented to the user 314.

[0039] The invention may mvolve a computer program for
receiving and storing a user’s training zone data, or data
associated to a detected physiological parameter and utiliz-
ing such data to perform cardio assessments for determining
the user’s traiming zones. See FIG. 4. Embodiments of the
invention 400 may further provide a user 410 with biofeed-
back 460 during exercise, and provide real-time 1nstructions
470 to the user or an exercise machine for facilitating the
user’s optimal aerobic mtensity. Even further embodiments
may provide a user with biofeedback post exercise, in a
non-monitoring state, such that a biofeedback 1s calculated
based on a collective record of data over a period of time
with purposes of reviewing progression towards predefined
goals and/or advising the user on how to further optimize
their exercise routine. For example, a series ol workouts
recorded by the non-invasive biofeedback system may deter-
mine the fitness progression of the user based on recorded
performance and statistical analysis. The biofeedback sys-
tem may suggest that a user maintain or increase ntensity
after a series of successtul workout sessions, Another
embodiment may simply display to the user a progressive
report based on an analysis performed on the series of
workout sessions.

[0040] While 1n a biofeedback mode, the computer pro-
gram of the mvention 1s operable to inform the user 410 1f
they are above, below, or within their anaerobic threshold
4'70. Bioteedback indicators 460, 470 are generally deter-
mined by analyzing the user’s current heart rate 460 to the
user’s heart rate training zone. Heart rate training zones are
known 1n the art to be calculated with a user’s maximum
heart rate, resting heart rate, and age, or even more accu-
rately determined by performing cardio assessments for the
individual user. Resting heart rates are generally a user’s
heart rate when at rest, when lying down but awake, and not
having recently exerted energy. Embodiments of the inven-
tion may receive inputs from a user to determine and store
a user’s personal information necessary for the determina-
tion of their training zones. Training zones may be calcu-
lated applying a variety of known methods, such as age-

Jul. 20, 2017

adjusted methods, Karvonen formulas, Leger formulas, the
Mafletone method, and the Friel method. Further embodi-
ments of the mmvention may even provide for a cardio
assessment mode, wherein the computing device can 1ndi-
cate to a user 410 an nstruction to perform a particular
behavior or exercise, provide further instruction for mea-
suring the results, ultimately utilizing the results 1n deter-
mination of a user’s training zones. Training zones for each
user generally have a minimum heart rate value and a
maximum heart rate value, such that the range between the
minimum and maximum heart rate values determine the
optimal range or training zone for the particular user.

[0041] The determination of a user’s training zones 1S an
initial step to recerving biofeedback from the system. I a
user has not set up training zones customized for their
individualized use, the biofeedback data will be incomplete,
unavailable or inaccurate. Embodiments of the invention
may provide for the set-up and storage of user profiles,
wherein various users may set up their training zones and
training goals for which the biofeedback system may utilize
in the customization of biofeedback to the user. Training
zones and various intensity levels thereof may be modified
by the computer program over any period of time 1n light of
a user’s particular training goals. After a user inputs or
configures at least their basic training zone values, a user
may choose a specific training goal such as weight loss,
endurance, increase metabolism, burn fat, physical therapy,
strength, etc. It 1s within the scope of this invention that a
user may choose a specific training goal and, based on the
chosen training goal, an optimal range 1s set for the user’s
training goal based on the user’s training zone values.

[0042] Adfter the setup of a user’s profile, training zones,
and/or fitness goals, the user may initiate a biofeedback
mode. Upon activation ol the biofeedback mode, the
embodiments of the computer program will also activate at
least a monitoring mode. The monitoring mode 1s necessary
for the provision of biofeedback to a user 410. As the
monitoring mode 1s initiated, the mmvention will begin the
non-invasive detection 430 of the user’s heart rate 460
and/or other physiological parameter(s). As data from the
monitoring mode 1s processed in the computing device 420,
real-time comparisons are performed to determine the rela-
tive position of the user’s detected heart rate value to the
user’s traiming zone values 470. If a user’s detected heart
rate 460 1s below the optimal range or training zone as
determined by the computer program, the computer program
will instruct the computing device to present on a display
440, 1nstructions to increase physical intensity 470. On the
other hand, 1f a user’s heart rate exceeds their optimal
training zone as determined by the computer program, the
computer program will instruct the computing device to
present on a display 440 instructions to decrease physical
intensity. The biofeedback provided in the invention embod-
ies a real-time solution for the optimization of a user’s
exercise routine 1n a non-invasive manner.

[0043] In even further embodiments of the invention, as
illustrated 1n FIG. 5, the computing device may be operable
to detect a user’s 510 heart rate while communicating with
and controlling an exercise machine 520 (e.g., a treadmuill,
clliptical machine, cross trainer, stationary bicycle, etc.). In
one embodiment of the imnvention, the computing device and
camera(s) may be integrated into the exercise machine 1tself.
Camera(s) built into the exercise machine may calculate the
user’s physiological parameters and control the machine’s
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intensity/difliculty levels as necessary to keep the user
within their desired training zones. Additional embodiments
500 may allow for interfacing between the exercise machine
520 and a user’s mobile computing device 530. In one
embodiment, the exercise machine 520 may comprise a
dock 550 or charging port 550 for the user’s mobile device
530, configured so that the mobile device’s 530 front-facing
camera 540 1s oriented towards the user 510 as they exercise
on the machine 520. Communications between the mobile
device and exercise machine may be enabled through a
hardwire connection or via a communications network as
described herein. In either the fully integrated or attached
mobile device embodiments, the user 1s provided the option
to select a monitoring or biofeedback mode. A third option,
the exercise machine control mode, 1s only available when
the 1invention 1s i1n communication with the exercise
machine. It 1s an appreciated aspect of this invention that
various safety features such as emergency stops are inte-
grated mto the system, including those typically found 1n
modern day exercise machines.

[0044] In the event a user’s heart rate value 1s lower than
theirr optimal range or training zone value, the exercise
control mode 1s programmed to send a signal or command
to the exercise machine to increase the exercise difficulty
cither 1 the form of speed or resistance. Similarly, when a
user’s heart rate value exceeds their optimal range or train-
ing zone value, the computer program sends a signal or
command to the exercise machine to decrease speed or
resistance. The function embodied 1n the invention is to
accelerate and/or maintain a user’s heart rate within the
user’s desired optimal range or training zone so that the user
1s optimizing their exercise regimen.

[0045] Although the invention has been described with
reference to the preferred embodiment(s), 1t 1s noted that
equivalents may be employed and substitutions made herein
without departing from the scope of the mnvention. Thus, the
invention described herein i1s entitled to those equivalents
and substitutions that perform substantially the same func-
tion 1n substantially the same way.

[0046] Having thus described various embodiments of the
invention, what 1s claimed as new and desired to be pro-
tected by Letters Patent includes the following:

1. A method for non-1nvasively monitoring a user under a
workload, the method comprising the steps of:

collecting imnformation about a user for determining said
user’s optimal range;

tracking a facial area of the user 1n a live video feed;

detecting a first set of at least two channel values from the
facial area of the user 1n each frame of the live video
feed:;

making corrective adjustments for user motion and
changes 1n lighting conditions on the first set of at least
two channel values, wherein the results of the correc-
tion produce a second set of at least two channel values
corresponding to the first set of at least two channel
values, such that a total of at least four channel values
are associated to each frame of the live video feed;

converting each of the at least four channel values asso-
ciated to each frame of the live video feed into a
frequency wave pattern;

selecting a single channel amongst the at least four
channel values, wherein said single channel provides
the strongest indicia for physiological parameter detec-
tion;

Jul. 20, 2017

processing the single channel for detecting a physiologi-
cal parameter; and
presenting a biofeedback to the user on a display, wherein
the biofeedback notifies the user at least where the
detected physiological parameter 1s relative to the
user’s optimal range.
2. The method of claim 1, further comprising the step of
resizing the resolution of video frames for faster processing.
3. The method of claim 1, wherein the user’s optimal
range 1s a preferred physiological parameter determined by
at least the user’s mimimum heart rate value and the user’s
maximum heart rate value.
4. The method of claim 1, wherein the facial area tracking,
step utilizes skin-color detection.
5. The method of claim 1, wherein the facial area tracking
step utilizes Haar-like feature detection.
6. The method of claam 1 wherein the physiological
parameter 1s heart rate.
7. The method of claim 1, wherein the corrective adjust-
ment step 1s an independent component analysis.
8. The method of claim 1, wherein the conversion into a
frequency wave pattern step 1s a Fast Fourier Transforma-
tion.

9. The method of claim 1, wherein the selecting of a single
channel step selects a frequency spike indicative of a highest
ratio ol peak power over a cumulative power.

10. The method of claim 1, wherein the selecting of a
single channel step selects a frequency spike where a ratio
between a highest spike and a second highest spike 1s
maximized.

11. The method of claim 1, wherein the selecting of a
single channel step 1s a most common frequency rate pro-
duced by a majority number of channels.

12. The method of claim 1, wherein the video feed 1is
captured utilizing a webcam or mobile device camera.

13. The method of claim 1, wherein the biofeedback

comprises at least one of heart rate, respiration, oxygen
saturation, and lactate levels.

14. A non-transitory computer-readable medium having a
computer program stored thereon for execution by a pro-
cessor, the computer program operable to non-invasively
monitor a user under a workload, wherein execution of the
computer program by the processor performs the steps of:

collecting information about a user for determining said
user’s optimal range;
tracking a facial area of the user 1 a live video feed;

detecting a first set of at least two channel values from the

facial area of the user 1n each frame ot the live video
feed:

making corrective adjustments for user motion and
changes in lighting conditions on the first set of at least
two channel values, wherein the results of the correc-
tion produce a second set of at least two channel values
corresponding to the first set of at least two channel
values, such that a total of at least four channel values
are assoclated to each frame of the live video feed:

converting each of the at least four channel values asso-
ciated to each frame of the live video feed into a
frequency wave pattern;

selecting a single channel amongst the at least four
channel values, wherein said single channel provides
the strongest indicia for physiological parameter detec-
tion;
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processing the single channel for detecting a physiologi-

cal parameter; and

presenting a biofeedback to the user on a display, wherein

the biofeedback notifies the user at least where the
detected physiological parameter 1s relative to the
user’s optimal range.

15. The non-transitory computer-readable medium of
claim 14, further comprising the step of resizing the reso-
lution of video frames for faster processing.

16. The non-transitory computer-readable medium of
claim 14, wherein the optimal range 1s preferred physiologi-
cal parameter having a mimimum heart rate value and
maximum heart rate value.

17. The non-transitory computer-readable medium of
claam 14, wherein the facial area tracking step utilizes
skin-color detection.

18. The non-transitory computer-readable medium of
claam 14, wherein the facial area tracking step utilizes
Haar-like feature detection.

19. The non-transitory computer-readable medium of
claim 14 wherein the physiological parameter 1s heart rate.

20. The non-transitory computer-readable medium of
claam 14, wherein the corrective adjustment step 1s an
independent component analysis.

21. The non-transitory computer-readable medium of
claam 14, wherein the conversion into a frequency wave
pattern step 1s a Fast Fourier Transformation.

22. The non-transitory computer-readable medium of
claam 14, wherein the selecting of a single channel step
selects a frequency spike indicative of a highest ratio of peak
power over a cumulative power.

23. The non-transitory computer-readable medium of
claam 14, wherein the selecting of a single channel step
selects a frequency spike where a ratio between a highest
spike and a second highest spike 1s maximized.

24. The non-transitory computer-readable medium of
claim 14, wherein the selecting of a single channel step 1s a
most common frequency rate produced by a majority num-
ber of channels.

25. The non-transitory computer-readable medium of
claam 14, wherein the video feed 1s captured utilizing a
webcam or mobile device camera.
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26. The non-transitory computer-readable medium of
claim 14, wherein the biofeedback comprises at least one of
heart rate, respiration, oxygen saturation, and lactate levels.

277. A system for non-invasively monitoring a user under
a workload, the system comprising;:

at least one video camera mounted 1n or on a housing and
operably connected to a computing module, said at
least one video camera oriented towards a user and
operable to capture a live video feed of the user;

a computing module with a processor and a memory, said
computing module mounted within the housing and
configured to:

store optimal range values of a user, wherein the
optimal range values are the lower and upper heart
rate boundaries defined by a preferred physiological
parameter determined by at least a user’s resting
heart rate and maximum heart rate;

receive the live video feed of the user from the at least
one video camera;

detect changes in channel values extracted from the live
video feed of the user:; and

calculate a physiological parameter from the changes 1n
channel values:

a display monitor mounted in or on the housing and
configured to display a biofeedback, wherein the bio-
feedback indicates at least where the physiological
parameter value 1s relative to the optimal range values

of the user.

28. The system of claim 27, wherein the housing 1s a
mobile computing device housing.

29. The system of claim 27, wherein the computing
module 1s configured to automatically present on the display
instructions to increase or decrease physical intensity levels
based on the relative position of the physiological parameter
to the optimal range of the user.

30. The system of claim 27, wherein the biofeedback
comprises at least one of heart rate, respiration, oxygen
saturation, and lactate levels.
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