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ADAPTING PHYSICAL ACTIVITIES AND
EXERCISES BASED ON FACIAL ANALYSIS
BY IMAGE PROCESSING

BACKGROUND

[0001] The present invention generally relates to monitor-
ing and analyzing physical activities such as exercise and,
more particularly, to a system and method for adapting
physical activities and exercises based on facial analysis by
image processing.

[0002] Exercise and physical activities have been demon-
strated as being useful for a person to maintain healthy
habits, decrease the risk of certain diseases, avoid injuries,
and help to feel better physically and mentally. However,
exercising and performing physical activities without proper
orientation can have the opposite effect, being occasionally
harmful to the person.

[0003] While a person is exercising, it is not trivial to
assess whether the effort level employed by the person is
commensurate with what has been prescribed by a profes-
sional (e.g., a medical professional or trainer who prescribes
certain exercise) and/or is within health limits of the person.
This is because the effort level employed by the person may
be based on a combination of plural variables that may be
manifested in different physiological parameters. Thus,
sometimes, not even the person who is exercising is able of
measuring their true effort level, and this may result in an
inefficient exercise or may even cause injuries.

SUMMARY

[0004] 1In afirst aspect of the invention, there is a method
that includes: identifying, by a computer device, a user;
receiving, by the computer device, video data of a face
region of the user while the user is engaged in exercise or
physical activity; analyzing, by the computer device, the
video data to determine a detected state of the user, wherein
the analyzing the video data comprises performing facial
analysis using the video data; and providing, by the com-
puter device, feedback to the user based on the analyzing the
video data.

[0005] In another aspect of the invention, there is a system
that includes: a CPU, a computer readable memory and a
computer readable storage medium associated with a com-
puting device; program instructions to receive video data of
a face region of the user while the user is engaged in exercise
or physical activity; program instructions to analyze the
video data using facial analysis to determine a detected state
of the user; and program instructions to provide feedback to
the user based on comparing the detected state to a pre-
scribed training rule. The program instructions are stored on
the computer readable storage medium for execution by the
CPU via the computer readable memory.

[0006] In another aspect of the invention, there is a com-
puter program product that includes a computer readable
storage medium having program instructions embodied
therewith. The program instructions are executable by a
computing device to cause the computing device to: receive
video data of a face region of the user while the user is
engaged in exercise or physical activity; analyze the video
data using facial analysis to determine a state of the user
based on facial data of the user; and provide feedback to the
user based on the analyzing the video
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention is described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention.

[0008] FIG. 1 depicts a computing infrastructure accord-
ing to an embodiment of the present invention.

[0009] FIG. 2 shows a block diagram of an exemplary
system in accordance with aspects of the invention.

[0010] FIG. 3 shows a flowchart of a method in accor-
dance with aspects of the invention.

DETAILED DESCRIPTION

[0011] The present invention generally relates to monitor-
ing and analyzing physical activities such as exercise and,
more particularly, to a system and method for adapting
physical activities and exercises based on facial analysis by
image processing. According to aspects of the invention,
image processing is used to provide real-time feedback to a
user when the user is performing physical activities such as
exercising. In embodiments, video data of a face region of
the user is obtained while the user is exercising, and real
time feedback is provided to the user based on analyzing the
video data. The analysis of the video data may include
determining a detected state of the user and comparing the
detected state to a user data. The detected state may include
at least one from the group consisting of: facial expression
(e.g., tired, bored, calm, level of exertion, level of pain);
perspiration detection; breathing interval estimation; and
skin tone change. The feedback may include at least one
from the group consisting of: displaying an indication of the
detected state; displaying an indication of the user data;
displaying a recommendation; and automatically adjusting
an element of the user’s environment. In this manner,
implementations of the invention provide a user with real
time feedback about their exercising so that the user may
make an informed decision about how to continue or modify
the exercising.

[0012] The present invention may be a system, a method,
and/or a computer program product at any possible technical
detail level of integration. The computer program product
may include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

[0013] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to,
an electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
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going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

[0014] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device via a net-
work, for example, the Internet, a local area network, a wide
area network and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches,
gateway computers and/or edge servers. A network adapter
card or network interface in each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program instructions for storage in a computer readable
storage medium within the respective computing/processing
device.

[0015] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written in any combination of one or more
programming languages, including an object oriented pro-
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the user’s
computer and partly on a remote computer or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN)
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to
perform aspects of the present invention.

[0016] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the inven-
tion. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.

[0017] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
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puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

[0018] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0019] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods, and com-
puter program products according to various embodiments
of the present invention. In this regard, each block in the
flowchart or block diagrams may represent a module, seg-
ment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified
logical function(s). In some alternative implementations, the
functions noted in the blocks may occur out of the order
noted in the Figures. For example, two blocks shown in
succession may, in fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

[0020] Referring now to FIG. 1, a schematic of an
example of a computing infrastructure is shown. Computing
infrastructure 10 is only one example of a suitable comput-
ing infrastructure and is not intended to suggest any limi-
tation as to the scope of use or functionality of embodiments
of the invention described herein. Regardless, computing
infrastructure 10 is capable of being implemented and/or
performing any of the functionality set forth hereinabove.

[0021] In computing infrastructure 10 there is a computer
system (or server) 12, which is operational with numerous
other general purpose or special purpose computing system
environments or configurations. Examples of well-known
computing systems, environments, and/or configurations
that may be suitable for use with computer system 12
include, but are not limited to, personal computer systems,
server computer systems, thin clients, thick clients, hand-
held or laptop devices, multiprocessor systems, micropro-
cessor-based systems, set top boxes, programmable con-
sumer electronics, network PCs, minicomputer systems,
mainframe computer systems, and distributed cloud com-
puting environments that include any of the above systems
or devices, and the like.
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[0022] Computer system 12 may be described in the
general context of computer system executable instructions,
such as program modules, being executed by a computer
system. Generally, program modules may include routines,
programs, objects, components, logic, data structures, and so
on that perform particular tasks or implement particular
abstract data types. Computer system 12 may be practiced in
distributed cloud computing environments where tasks are
performed by remote processing devices that are linked
through a communications network. In a distributed cloud
computing environment, program modules may be located
in both local and remote computer system storage media
including memory storage devices.

[0023] As shown in FIG. 1, computer system 12 in com-
puting infrastructure 10 is shown in the form of a general-
purpose computing device. The components of computer
system 12 may include, but are not limited to, one or more
processors or processing units (e.g., CPU) 16, a system
memory 28, and a bus 18 that couples various system
components including system memory 28 to processor 16.

[0024] Bus 18 represents one or more of any of several
types of bus structures, including a memory bus or memory
controller, a peripheral bus, an accelerated graphics port, and
a processor or local bus using any of a variety of bus
architectures. By way of example, and not limitation, such
architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture (MCA) bus, Enhanced ISA
(FISA) bus, Video Flectronics Standards Association
(VESA) local bus, and Peripheral Component Interconnects
(PCI) bus.

[0025] Computer system 12 typically includes a variety of
computer system readable media. Such media may be any
available media that is accessible by computer system 12,
and it includes both volatile and non-volatile media, remov-
able and non-removable media.

[0026] System memory 28 can include computer system
readable media in the form of volatile memory, such as
random access memory (RAM) 30 and/or cache memory 32.
Computer system 12 may further include other removable/
non-removable, volatile/non-volatile computer system stor-
age media. By way of example only, storage system 34 can
be provided for reading from and writing to a nonremovable,
non-volatile magnetic media (not shown and typically called
a “hard drive”). Although not shown, a magnetic disk drive
for reading from and writing to a removable, non-volatile
magnetic disk (e.g., a “floppy disk™), and an optical disk
drive for reading from or writing to a removable, non-
volatile optical disk such as a CD-ROM, DVD-ROM or
other optical media can be provided. In such instances, each
can be connected to bus 18 by one or more data media
interfaces. As will be further depicted and described below,
memory 28 may include at least one program product having
a set (e.g., at least one) of program modules that are
configured to carry out the functions of embodiments of the
invention.

[0027] Program/utility 40, having a set (at least one) of
program modules 42, may be stored in memory 28 by way
of example, and not limitation, as well as an operating
system, one or more application programs, other program
modules, and program data. Each of the operating system,
one or more application programs, other program modules,
and program data or some combination thereof, may include
an implementation of a networking environment. Program
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modules 42 generally carry out the functions and/or meth-
odologies of embodiments of the invention as described
herein.

[0028] Computer system 12 may also communicate with
one or more external devices 14 such as a keyboard, a
pointing device, a display 24, etc.; one or more devices that
enable a user to interact with computer system 12; and/or
any devices (e.g., network card, modem, etc.) that enable
computer system 12 to communicate with one or more other
computing devices. Such communication can occur via
Input/Output (I/O) interfaces 22. Still yet, computer system
12 can communicate with one or more networks such as a
local area network (LAN), a general wide area network
(WAN), and/or a public network (e.g., the Internet) via
network adapter 20. As depicted, network adapter 20 com-
municates with the other components of computer system 12
via bus 18. It should be understood that although not shown,
other hardware and/or software components could be used in
conjunction with computer system 12. Examples, include,
but are not limited to: microcode, device drivers, redundant
processing units, external disk drive arrays, RAID systems,
tape drives, and data archival storage systems, etc.

[0029] FIG. 2 shows a block diagram of an exemplary
system 100 in accordance with aspects of the invention. In
embodiments, the system 100 includes a recording device
105, an analysis server 110, a notification device 115, and an
input device 120. The devices 105, 110, 115, 120 of the
system 100 may be operatively connected to a communica-
tion network 125 that supports computer-based communi-
cation between computer devices. The network 125 may be
any desired network or combination of networks, including
but not limited to: LAN, WAN, and the Internet. The devices
of the system 100 may communicate with one another using,
for example, application programming interface (API) calls
or other suitable methods of communication.

[0030] According to aspects of the invention, the record-
ing device 105 comprises a video camera that is configured
to capture video data of a face region of a user that is
exercising or performing other physical activity. The record-
ing device 105 may be physically attached to equipment 128
(e.g., a treadmill, stationary bicycle, rowing machine, weight
machine, etc.) on which the user is exercising, such that the
field of view of the recording device 105 includes a face
region of the user exercising on the equipment. Alterna-
tively, the recording device 105 may be attached to a ceiling,
wall, floor or other structure that provides the recording
device 105 a field of view that includes a face region of the
user who is exercising. Alternatively, the recording device
105 may be attached to moveable object, such as an
unmanned aerial vehicle, that provides the recording device
105 a field of view that includes a face region of the user
who is exercising. The recording device 105 may comprise
any suitable type of device that includes a video camera,
such as a stand-alone camera, a smartphone, or an unmanned
aerial vehicle onboard camera. In embodiments, the record-
ing device 105 transmits the video data to the analysis server
110 via the network 125.

[0031] According to aspects of the invention, the analysis
server 110 runs an analysis tool 130. The analysis server 110
may be a computer system 12 and the analysis tool 130 may
be a program module 42 described with respect to FIG. 1. In
embodiments, the analysis server 110 running the analysis
tool 130 may perform one or more of the functions described
herein, including: receive video data from the recording
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device 105; analyze the video data to determine a detected
state of the user; compare the detected state to user data; and
provide feedback to the user based on the comparison of the
detected state to the user data.

[0032] As described herein, the analysis tool 130 is con-
figured to analyze the video data (received from the record-
ing device 105) to determine a detected state of the user that
is currently exercising. The detected state may include at
least one from the group consisting of: facial expression
(e.g., tired, bored, calm, level of exertion, level of pain);
perspiration detection; breathing interval estimation; and
skin tone change.

[0033] The detected state may be facial expression, in
which case the analysis tool 130 may apply image process-
ing techniques to the video data, in particular facial recog-
nition programming and/or facial analysis programming, to
determine whether the user is tired, bored, calm, experienc-
ing a certain level of exertion, or experiencing a certain level
of pain while exercising. For example, the analysis tool 130
may use facial recognition/analysis techniques to compare
the user’s facial expression (captured in the video data) to a
database of categorized facial expressions to determine that
the user’s facial expression most closely matches a category
of facial expression, e.g., tired, bored, calm, low exertion,
medium exertion, high exertion, no pain, low pain, medium
pain, high pain. Specifically, the analysis tool 130 may use
deep learning or action unit (AU) detection in conjunction
with the database of categorized facial expressions to deter-
mine a category of the user’s facial expression. Aspects of
the invention are not limited to these exemplary facial
expressions, and other facial expressions may be used in
implementations. In this manner, the analysis tool 130 may
be configured to determine, in real time, a category of facial
expression of the user while the user is exercising.

[0034] The detected state may be perspiration detection, in
which case the analysis tool 130 may apply image process-
ing techniques to the video data to determine whether the
user is perspiring while exercising. For example, the analy-
sis tool 130 may use image processing techniques to com-
pare an image of the skin texture of the user (captured in the
video data) to a database of categorized images of skin
textures that correspond to one of a perspiring state and a
non-perspiring state. In this manner, the analysis tool 130
may be configured to determine, in real time, whether or not
the user is perspiting while exercising.

[0035] The detected state may be breathing interval esti-
mation, in which case the analysis tool 130 may apply image
processing techniques to the video data to determine a
breathing interval of the user while exercising. For example,
the analysis tool 130 may use image processing techniques
to track the changing shape of the user’s mouth and nose to
determine when the user is inhaling and exhaling, e.g., by
comparing images of the user’s mouth and nose to a data-
base of categorized images of mouth and nose that corre-
spond to one of an inhaling state and an exhaling state.
Additionally, by analyzing times associated with the video
images of the user’s mouth and nose, the analysis tool 130
may determine an amount of time that elapses between each
determined inhale and exhale of the user. In this manner, the
analysis tool 130 may be configured to determine, in real
time, a breathing interval (e.g., number of breaths per
minute) of the user while exercising.

[0036] The detected state may be skin tone change, in
which case the analysis tool 130 may apply image process-
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ing techniques to the video data to determine that the user’s
skin tone has changed from a first tone to a second tone user
while exercising. A change in skin tone may indicate, for
example, that the user’s skin is flush due to physical exer-
tion. For example, the analysis tool 130 may use image
processing techniques to observe the user’s initial skin tone
at an early stage of the exercising and detect if the user’s skin
tone changes from the initial skin tone to a different skin
tone at a later stage of the exercising. In this manner, the
analysis tool 130 may be configured to determine, in real
time, a skin tone change of the user while exercising.
[0037] Still referring to FIG. 2, in embodiments, the
analysis server 110 is configured to provide feedback to the
user based on the detected state of the user (as determined
by the analysis tool 130). The feedback may be based solely
on the detected state of the user, or may be based on
comparing the detected state of the user to user data (e.g.,
data associated with the particular user). The feedback may
include at least one from the group consisting of: displaying
an indication of the detected state; displaying an indication
of user data; displaying a recommendation; and automati-
cally adjusting an element of the user’s environment. The
feedback, when comprising a display of information, may be
provided via the notification device 115, which may com-
prise a video display device (e.g., an LCD screen of a
television, computer, smartphone, etc.).

[0038] In an embodiment, the feedback may be based
solely on the detected state of the user, e.g., without com-
paring the detected state to the user data. In this embodi-
ment, the server 110 may transmit signals to the notification
device 115 to cause the notification device 115 to display an
indication 140 of the user’s detected state (or plural detected
states) in real time. In this manner, the user is provided with
information that they may employ in deciding how to
continue (or modify) their exercise.

[0039] For example, the server 110 may display an indi-
cation of the user’s detected facial expression on the noti-
fication device 115, and change the displayed indication in
real time as changes in the user’s facial expression are
detected by the server 110. As another example, the server
110 may display an indication of the user’s detected perspi-
ration state on the notification device 115, and change the
displayed indication in real time as changes in the user’s
perspiration state are detected by the server 110. As another
example, the server 110 may display an indication of the
user’s detected breathing interval (e.g., breathing rate) on the
notification device 115, and change the displayed indication
in real time as changes in the user’s breathing interval are
detected by the server 110. As another example, the server
110 may display an indication of the user’s detected skin
tone on the notification device 115, and change the displayed
indication in real time as changes in the user’s skin tone are
detected by the server 110. The server 110 may be config-
ured to simultaneously display plural indications of different
detected states on the notification device 115, e.g.. display
detected facial expression, perspiration state, breathing
interval, and skin tone all at the same time on the notification
device 115.

[0040] In another embodiment, the feedback may be based
on comparing the detected state of the user to user data (e.g,,
data associated with the particular user). The user data may
comprise, for example, at least one of: age, weight, height,
gender, health conditions, and prescribed training. The user
data may be defined by data that is input via the input device
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120, which may be a computer device that permits a user to
enter data via any suitable method such as touch screen,
keyboard, button(s), dial(s), and file transfer.

[0041] Prescribed training may be defined by the user, a
medical professional (e.g., a doctor), or an exercise profes-
sional (e.g., trainer, coach, etc.). Prescribed training may
define one or more thresholds for the user in terms of
possible detected states (e.g., tired, bored, calm, low exer-
tion, medium exertion, high exertion, no pain, low pain,
medium pain, high pain, perspiration, breathing interval, and
skin tone change). Prescribed training may be defined in
terms of rules regarding one or more detected states that the
user is recommended to achieve during exercising. For
example, an exemplary prescribed training rule may define
that a user is recommended to exhibit: medium or high
exertion, perspiration, and a breathing interval of at least
thirty breaths per minute. Prescribed training may also be
defined in terms of rules regarding one or more detected
states that the user is recommended to avoid during exer-
cising. For example, an exemplary prescribed training rule
may define that a user is recommended to not exhibit: high
pain or a breathing interval exceeding fifty breaths per
minute. These examples are not intended to be limiting, and
any desired configuration of states may be defined in one or
more prescribed training rules. Moreover, a single user may
have plural different prescribed training rules that are simul-
taneously applied by the analysis tool 130.

[0042] In embodiments, user data that is entered via the
input device 120 is transmitted to the server 110 and used by
the analysis tool 130 only during a single exercise session.
In such an embodiment, the server 110 does not store the
user data for use in subsequent exercise sessions.

[0043] In other embodiments, user data that is input via the
input device 120 is transmitted to the server 110 and stored
in association with an identity of the user that provided the
data. In this manner, the user data may be entered one time
and then retrieved from storage during future exercise
sessions by the same user. For example, a user may login via
the input device 120, and the server 110 may retrieve the
user data based on the user identity determined from the user
login. In another embodiment, alternatively to a user logging
in via the input device 120, the server 110 may automatically
determine an identity of a user based on image analysis (e.g.,
facial recognition) of a video of the face of the user obtained
via the recording device 105. In this manner, the server 110
may automatically determine the identity of the user and
obtain the user data based on the determined user identity.
[0044] Still referring to the embodiment in which the
feedback is based on comparing the detected state to the user
data, the feedback may include a visual indication 140 of the
detected state and a visual indication 145 of a portion of the
user data, such as a prescribed training rule, without a
recommendation (e.g., displaying the detected state and a
related prescribed training rule simultaneously on the noti-
fication device 115). In this manner, the user may use the
feedback to make their own determination as how whether
and how to adjust their level of exertion (e.g., stay the same,
slow down, or speed up).

[0045] The feedback may optionally include a recommen-
dation to the user based on the comparison of the detected
state and the user data. For example, the server 110 may
display a recommendation 150 to the user (e.g., “slow
down” or “change the exercise” or “increase recovery time”)
when a detected state exceeds a recommended state as
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defined in a prescribed training rule (e.g., a detected level of
exertion/pain/breathing interval exceeds a maximum level
of exertion/pain/breathing interval defined in a prescribed
training rule). Similarly, the server 110 may display a
recommendation to the user (e.g., “speed up” or “increase
effort” or “decrease recovery time”) when a detected state is
lower than a recommended state as defined in a prescribed
training rule (e.g., a detected level of exertion is less than a
minimum level of exertion defined in a prescribed training
rule). In this embodiment, the server 110 may simultane-
ously display the visual indication 140 of the detected state
and the visual indication 145 of the prescribed training along
with the recommendation 150.

[0046] In further embodiments, the server 110 may auto-
matically control an element of the user’s environment
based on the comparison of the detected state and the
prescribed training. The element may comprise the equip-
ment 128 and/or a climate control system 155 in the room
where the equipment 128 is located. For example, when a
detected level of exertion is greater than a prescribed level
of exertion (e.g., as defined in a prescribed training rule), the
server 110 may automatically perform one of: decrease the
resistance of a weight machine; decrease the speed and/or
incline of a treadmill; decrease the resistance of a stationary
bicycle elliptical machine, or rowing machine; and decrease
a temperature of the room in which the user is located.
Conversely, when a detected level of exertion is less than a
prescribed level of exertion (e.g., as defined in a prescribed
training rule), the server 110 may automatically perform one
of: increase the resistance of a weight machine; increase the
speed and/or incline of a treadmill; increase the resistance of
a stationary bicycle, elliptical machine, or rowing machine;
and increase a temperature of the room in which the user is
located. For example, the server 110 may be operatively
connected to a controller and/or actuator on the equipment
128 to send control signals to the equipment 128 to auto-
matically adjust the resistance, speed, and/or incline of the
exercise machine. Similarly, the server 110 may be opera-
tively connected to a thermostat of a climate control system
155 of the room in which the user is located to send control
signals to the thermostat to automatically adjust the tem-
perature of the room.

[0047] Aspects of the invention are not limited to the
aforementioned examples of feedback, and other actions
may be automatically performed based on the comparison of
the detected state and the user data. For example, the server
110 may provide a recommendation via the notification
device 115 recommending that the user ingest liquid or
change the room temperature based on the server 110
detecting that the user’s perspiration level is too high, e.g.,
has detected a state of perspiration for a predefined amount
of time. As another example, the server 110 may provide a
recommendation via the notification device 115 recom-
mending that the user adjust their breathing behavior based
on the server 110 detecting that the user’s breathing intervals
are too short or too long during an exercise. In yet another
example, the server 110 may provide a recommendation via
the notification device 115 based on comparing the detected
state of the user to health data of the user, e.g., by deter-
mining very low blood glucose levels based on detecting
tremors, dizziness, pallor, excessive cold sweat, and weak-
ness.

[0048] In embodiments, the recording device 105, the
notification device 115, and the input device 120 may be
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combined into a single device, such as a computer system
160 (e.g., similar to computer system 12 of FIG. 1) that
comprises an integrated video camera for recording video
images, a display screen for displaying visual output, and an
input system for receiving user input. In an exemplary
implementation, the computer system 160 is physically
connected to the equipment 128 (e.g.. a treadmill, stationary
bicycle, rowing machine, weight machine, etc.). In another
exemplary implementation, the computer system 160 is
physically connected to a wall, ceiling, or floor in the
vicinity of the equipment 128. Alternatively to being com-
bined in a single system, each of the recording device 105,
the notification device 115, and the input device 120 may be
separate devices. Each respective one of the devices may be
physically connected to the equipment 128 or physically
connected to a wall, ceiling, or floor in the vicinity of the
equipment 128.

[0049] In embodiments, the server 110 is operatively
connected to a sensor 165, which may comprise one or more
of: a heart rate sensor; a skin temperature sensor; a sleep
quality sensor; an oxygen saturation sensor; and a galvanic
skin response sensor. In this manner, the server 110 deter-
mines a detected state of the user based on a combination of
the video data from the recording device 105 and the data
from the sensor 165.

[0050] FIG. 3 depicts a method of adapting physical
activities and exercises based on facial analysis by image
processing in accordance with aspects of the invention. The
steps of the method may be performed in the system of FIG.
2 and are described with reference to the elements described
in FIG. 2.

[0051] Referring to FIG. 3, at step 300 the system 100
receives an input of user data. Step 300 may be performed
in the manner described with respect to FIG. 2, e.g., by a
user, a medical professional, or an exercise professional
providing input to the input device 120. The user data may
include, for example, at least one of: age, weight, height,
gender, health conditions, and prescribed training.

[0052] At step 305, the system 100 identifies the user. In
embodiments, the user provides login information via the
input device 120 and the server 110 determines the user
identity based on the login information, e.g., as described
with respect to FIG. 2. In other embodiments, the server 110
automatically determines the user identity based on image
analysis of a video of the face of the user obtained via the
recording device 105, e.g., as described with respect to FIG.
2.

[0053] At step 310, the system 100 gathers video data of
the user’s face (e.g., facial data) while the user is exercising.
Step 310 may be performed in the manner described with
respect to FIG. 2, e.g., by the recording device 105 obtaining
video data of the user and transmitting the video data to the
server 110 via the network 125.

[0054] At step 315, the system 100 determines a detected
state of the user based on analyzing the video data (e.g.,
facial data) from step 310. Step 315 may include analyzing
the video data using facial analysis to determine a state of
the user based on facial data of the user. Step 315 may be
performed in the manner described with respect to FIG. 2,
e.g., by the server 110 analyzing the video data to determine
at least one of: tired, bored, calm, low exertion, medium
exertion, high exertion, no pain, low pain, medium pain,
high pain, perspiration, breathing interval, and skin tone
change. Other states may detected by the server 110 using
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additional image processing rules programmed in the analy-
sis tool 130 of the server 110. In a preferred embodiment, the
analyzing includes facial analysis image processing to deter-
mine a facial expression of the user, and may additional
include image processing to detect at least one of perspira-
tion, breathing interval, and skin tone change.

[0055] At step 320, the system 100 provides feedback to
the user based on the analyzing the video data from step 315.
Step 320 may be performed in the manner described with
respect to FIG. 2, e.g., by the notification device 115
displaying at least one of an indication of the detected state,
user data, and a recommendation. In an embodiment, the
feedback is not based on a comparison of the detected state
to the user data, and the feedback in this embodiment is the
notification device 115 displaying an indication of the
detected state in real time (based on data received from the
server 110). In another embodiment, the feedback is based
on a comparison of the detected state to the user data, and
the feedback in this embodiment is the notification device
115 displaying at least one of an indication of the detected
state in real time, user data, and a recommendation. The user
data that may be displayed at step 320 may include, for
example, a prescribed training rule that is related to the
detected state that is currently being displayed. The recom-
mendation that may be displayed at step 320 may include,
for example, a recommendation to adjust the user’s exercise
based on comparing the detected state to the prescribed
training rule.

[0056] The feedback at step 320 may optionally include
the system 100 automatically adjusting an element of the
user’s environment. For example, as described with respect
to FIG. 2, the server 110 may send control signals to at least
one of the equipment 128 and a climate control unit 155 to
automatically adjust an element of the user’s environment
based on the analyzing the video data from step 315.
[0057] In embodiments, a service provider, such as a
Solution Integrator, could offer to perform the processes
described herein. In this case, the service provider can
create, maintain, deploy, support, etc., the computer infra-
structure that performs the process steps of the invention for
one or more customers. These customers may be, for
example, any business that uses technology. In return, the
service provider can receive payment from the customer(s)
under a subscription and/or fee agreement and/or the service
provider can receive payment from the sale of advertising
content to one or more third parties.

[0058] In still additional embodiments, the invention pro-
vides a computer-implemented method, via a network. In
this case, a computer infrastructure, such as computer sys-
tem 12 (FIG. 1), can be provided and one or more systems
for performing the processes of the invention can be
obtained (e.g., created, purchased, used, modified, etc.) and
deployed to the computer infrastructure. To this extent, the
deployment of a system can comprise one or more of: (1)
installing program code on a computing device, such as
computer system 12 (as shown in FIG. 1), from a computer-
readable medium; (2) adding one or more computing
devices to the computer infrastructure; and (3) incorporating
and/or modifying one or more existing systems of the
computer infrastructure to enable the computer infrastruc-
ture to perform the processes of the invention.

[0059] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
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to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:

1. A method, comprising:

identifying, by a computer device, a user;

receiving, by the computer device, video data of a face

region of the user while the user is engaged in exercise
or physical activity;

analyzing, by the computer device, the video data to

determine a detected state of the user, wherein the
analyzing the video data comprises performing facial
analysis using the video data; and

providing, by the computer device, feedback to the user

based on the analyzing the video data.

2. The method of claim 1, wherein the identifying the user
comprises:

the computer device receiving login data from the user via

an input device; and

the computer device determining an identity of the user

based on the login data.

3. The method of claim 1, wherein the identifying the user
comprises the computer device determining an identity of
the user by performing facial recognition using the video
data.

4. The method of claim 1, wherein the video data is
received by the computer device via network communica-
tion from a recording device recording the video data.

5. The method of claim 1, wherein the detected state
comprises at least one from the group consisting of: tired,
bored, calm, level of exertion, and level of pain.

6. The method of claim 5, wherein the detected state
additionally comprises at least one from the group consisting
of: perspiration detection; breathing interval estimation; and
skin tone change.

7. The method of claim 1, wherein the providing the
feedback comprises the computer device causing a notifi-
cation device to display an indication of the detected state in
real time while the user is engaged in the exercise or the
physical activity.

8. The method of claim 1, wherein the providing the
feedback comprises the computer device causing a notifi-
cation device to display at least one from the group con-
sisting of> an indication of the detected state; an indication
of the user data; and a recommendation.

9. The method of claim 1, wherein the providing the
feedback comprises the computer device controlling equip-
ment on which the user is engaged in the exercise or the
physical activity.

10. The method of claim 1, wherein the providing the
feedback comprises the computer device adjusting a tem-
perature of a room in which the user is engaged in the
exercise or the physical activity.
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11. A system, comprising:

a CPU, a computer readable memory and a computer
readable storage medium associated with a computing
device;

program instructions to receive video data of a face region
of the user while the user is engaged in exercise or
physical activity;

program instructions to analyze the video data using facial
analysis to determine a detected state of the user; and

program instructions to provide feedback to the user
based on comparing the detected state to a prescribed
training rule,

wherein the program instructions are stored on the com-
puter readable storage medium for execution by the
CPU via the computer readable memory.

12. The system of claim 11, wherein the computing device
comprises a server that receives the video data from a
recording device via a network.

13. The system of claim 12, wherein the providing the
feedback comprises the server transmitting data to a notifi-
cation device via the network.

14. The system of claim 13, wherein the providing the
feedback comprises the server causing the notification
device to display an indication of the detected state in real
time while the user is engaged in the exercise or the physical
activity.

15. The system of claim 13, wherein the providing the
feedback comprises the server causing the notification
device to display at least one from the group consisting of:
an indication of the detected state; an indication of the user
data; and a recommendation.

16. The system of claim 12, wherein the providing the
feedback comprises the server controlling equipment on
which the user is engaged in the exercise or the physical
activity.

17. The system of claim 12, wherein the providing the
feedback comprises the computer device adjusting a tem-
perature of a room in which the user is engaged in the
exercise or the physical activity.

18. A computer program product comprising a computer
readable storage medium having program instructions
embodied therewith, the program instructions executable by
a computing device to cause the computing device to:

receive video data of a face region of the user while the
user is engaged in exercise or physical activity;

analyze the video data using facial analysis to determine
a state of the user based on facial data of the user; and

provide feedback to the user based on the analyzing the
video.

19. The computer program product of claim 18, wherein
the providing the feedback comprises the server causing the
notification device to display at least one from the group
consisting of: an indication of a detected state; an indication
of the user data; and a recommendation.

20. The computer program product of claim 18, wherein
the providing the feedback comprises the server sending a
signal to perform at least one from the group consisting of:
control equipment on which the user is engaged in the
exercise or the physical activity; and adjust a temperature of
a room in which the user is engaged in the exercise or the
physical activity.
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