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DEVICES AND METHODS FOR STRESS ASSESSMENT USING
PHYSIOLOGICAL DATA

Cross Reference to Related Application(s)

The present disclosure claims the benefit of Singapore Patent Application No.
10201801851S filed on 2 March 2018, which is incorporated in its entirety by

reference herein.

Technical Field

The present disclosure generally relates to devices and methods for stress
assessment. More particularly, the present disclosure describes various
embodiments of devices and methods for stress assessment of a user or person

using physiological data measured from the user.

Background

Various types of measurement or sensing devices have emerged to help people to
self-monitor their health condition by measuring physiological data from their bodies.
The physiological data includes blood pressure, heart rate, and heart rate variability.
However, these devices may not provide sufficiently accurate self-monitoring of
health conditions, such as for stress assessment. Furthermore, many measurement
or sensing devices do not provide useful feedback to people on managing their
stress.

Therefore, in order to address or alleviate at least one of the aforementioned
problems and/or disadvantages, there is a need to provide improved devices and

methods for stress assessment.

Summary
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According to a first aspect of the present disclosure, there is a measurement device
for stress assessment of a user. The measurement device comprises: a sensor
module comprising a photoplethysmography (PPG) sensor for measuring, from the
user, a number of sets of physiological data, each set of physiological data
measured during a discrete time period; a database for storing the physiological data;
a display module comprising a set of graphical user interface (GUI) portions for
displaying visual information from the stress assessment based on the physiological
data; and a processor. The processor is configured for: determining a stress
parameter for each set of physiological data for comparison against a predefined
stress reference; identifying a first stress parameter for a current time period,;
generating a stress alert in response to a determination that predefined stress
conditions are satisfied based on at least the first stress parameter; and
communicating the stress alert to the display module for displaying, on at least one
of the GUI portions, the visual information corresponding to the stress alert and
assistive to the user in relieving the stress state, wherein the stress conditions are
satisfied if the first stress parameter is indicative of a stress state of the user relative
to the predefined stress reference.

According to a second aspect of the present disclosure, there is a computerized
method performed by a measurement device for stress assessment of a user, as
well as non-transitory computer-readable storage medium having stored thereon
instructions that, when executed, cause a processor of the measurement device to
perform the method. The method comprises: retrieving, from a database of the
measurement device, a number of sets of physiological data measured from the user,
each set of physiological data measured during a discrete time period; determining a
stress parameter for each set of physiological data for comparison against a
predefined stress reference; identifying a first stress parameter for a current time
period; generating a stress alert in response to a determination that predefined
stress conditions are satisfied based on at least the first stress parameter; and
displaying, on at least one graphical user interface (GUI) portion, visual information
corresponding to the stress alert and assistive to the user in relieving the stress state,
wherein the stress conditions are satisfied if the first stress parameter is indicative of
a stress state of the user relative to the predefined stress reference .
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According to a third aspect of the present disclosure, there is a computerized method
performed by an electronic device for stress assessment of a user, as well as non-
transitory computer-readable storage medium having stored thereon instructions that,
when executed, cause a processor of the electronic device to perform the method.
The method comprises: receiving, from a measurement device, a measurement
dataset comprising a number of sets of physiological data measured from the user,
each set of physiological data measured during a discrete time period; storing the
measurement dataset on a database of the electronic device; determining a stress
parameter for each set of physiological data for comparison against a predefined
stress reference; identifying a first stress parameter for a current time period,;
generating a stress alert in response to a determination that predefined stress
conditions are satisfied based on at least the first stress parameter; and displaying,
on at least one graphical user interface (GUI) portion, visual information
corresponding to the stress alert and assistive to the user in relieving the stress state,
wherein the stress conditions are satisfied if the first stress parameter is indicative of
a stress state of the user relative to the predefined stress reference.

Devices and methods for stress assessment according to the present disclosure are
thus disclosed herein. Various features, aspects, and advantages of the present
disclosure will become more apparent from the following detailed description of the
embodiments of the present disclosure, by way of non-limiting examples only, along
with the accompanying drawings.

Brief Description of the Drawings
Figure 1A is a schematic illustration of a system comprising a measurement device,
an electronic device, and a remote server for stress assessment of a user, in

accordance with embodiments of the present disclosure.

Figure 1B is a schematic illustration of the measurement device, in accordance with

embodiments of the present disclosure.
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Figure 1C is a schematic illustration of the electronic device, in accordance with

embodiments of the present disclosure.

Figure 2 is a flowchart illustration of a computerized method performed by the
measurement device for stress assessment of the user, in accordance with

embodiments of the present disclosure.

Figure 3 is a flowchart illustration of a computerized method performed by the
electronic device for stress assessment of the user, in accordance with embodiments

of the present disclosure.

Figure 4A to Figure 4C are illustrations of graphics / screens displayed on the
measurement device / electronic device for visual information, in accordance with

embodiments of the present disclosure.

Figure 5A to Figure 5C are illustrations of time spaces having multiple consecutive
discrete time periods for determining stress parameters to generate stress alerts, in
accordance with embodiments of the present disclosure.

Figure 6 is an illustration of a generic time space for determining stress parameters

to generate stress alerts, in accordance with embodiments of the present disclosure.
Figure 7A and Figure 7B are illustrations of a histogram graphic / screen displayed
on the electronic device for visualization of a cumulative stress pattern of the user, in

accordance with embodiments of the present disclosure.

Figure 8 is a block diagram illustration of the technical architecture of a computer, in

accordance with embodiments of the present disclosure.

Detailed Description

For purposes of brevity and clarity, descriptions of embodiments of the present
disclosure are directed to a system and method for securing data communication
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between computers, in accordance with the drawings. While aspects of the present
disclosure will be described in conjunction with the embodiments provided herein, it
will be understood that they are not intended to limit the present disclosure to these
embodiments. On the contrary, the present disclosure is intended to cover
alternatives, modifications and equivalents to the embodiments described herein,
which are included within the scope of the present disclosure as defined by the
appended claims. Furthermore, in the following detailed description, specific details
are set forth in order to provide a thorough understanding of the present disclosure.
However, it will be recognized by an individual having ordinary skill in the art, i.e. a
skilled person, that the present disclosure may be practiced without specific details,
and/or with multiple details arising from combinations of aspects of particular
embodiments. In a number of instances, well-known systems, methods, procedures,
and components have not been described in detail so as to not unnecessarily
obscure aspects of the embodiments of the present disclosure.

In embodiments of the present disclosure, depiction of a given element or
consideration or use of a particular element number in a particular figure or a
reference thereto in corresponding descriptive material can encompass the same, an
equivalent, or an analogous element or element number identified in another figure
or descriptive material associated therewith.

References to “an embodiment / example”, “another embodiment / example”, “some
embodiments / examples”, “some other embodiments / examples”, and so on,
indicate that the embodiment(s) / example(s) so described may include a particular
feature, structure, characteristic, property, element, or limitation, but that not every
embodiment / example necessarily includes that particular feature, structure,
characteristic, property, element or limitation. Furthermore, repeated use of the
phrase “in an embodiment / example” or “in another embodiment / example” does

not necessarily refer to the same embodiment / example.

The terms “comprising”, “including”, “having”, and the like do not exclude the
presence of other features / elements / steps than those listed in an embodiment.
Recitation of certain features / elements / steps in mutually different embodiments
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does not indicate that a combination of these features / elements / steps cannot be

used in an embodiment.

As used herein, the terms “a” and “an” are defined as one or more than one. The use
of “/” in a figure or associated text is understood to mean “and/or” unless otherwise
indicated. The term “set” is defined as a non-empty finite organization of elements
that mathematically exhibits a cardinality of at least one (e.g. a set as defined herein
can correspond to a unit, singlet, or single-element set, or a multiple-element set), in
accordance with known mathematical definitions. The recitation of a particular
numerical value or value range herein is understood to include or be a recitation of
an approximate numerical value or value range.

As used herein, the terms “component”,

module,” “system”, “interface”, and the like
are generally intended to refer to a computer-related entity, either hardware, a
combination of hardware and software, software, or software in execution. For
example, a component or a module may be, but is not limited to being, a process
running on a processor, a processor, an object, an executable, a thread of execution,
a program, and/or a computer. By way of illustration, both an application running on
a controller and the controller can be a component / module. One or more
components / modules may reside within a process and/or thread of execution. A
component / module may be localized on one computer and/or distributed among a

plurality of computers.

In representative or exemplary embodiments of the present disclosure, there is a
system 100 comprising a measurement or sensing device 110, an electronic device
130, and a remote server 150 communicatively connected via a communication
network 170, as illustrated in Figure 1A. The measurement device 110 is configured
for measuring physiological data from a user and for stress assessment of the user
based on the physiological data. The electronic device 130 is configured for stress
assessment of the user based on physiological data received from the measurement
device 110 via the communication network 170. The remote server 150 is configured
for stress assessment of the user, particularly for assessment of a long-term or

chronic stress state, based on physiological data received from the measurement
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device 110 and/or the electronic device 130 together with historical physiological
data of the user.

The measurement device 110 comprises a first database 112 residing locally
thereon. The electronic device 130 comprises a second database 132 residing
locally thereon. The remote server 150 comprises a third database 152 residing
locally thereon. The databases 112, 132, and 152 may have data storage devices,
flash storage memories, hard drives, etc. for storing the physiological data.

The measurement device 110 is a physiological monitoring device connected or
connectable to a user for measuring and collecting physiological data of the user.
The physiological data is subsequently used for stress assessment of the user. The
physiological data is related or derived from vascular activity of the user, such as
volumetric changes resulting from fluctuations in blood flow in the blood vessels in
the region where the measurement device 110 is attached. The measurement device
110 may be in the form of a wearable device that is worn or attached to the user,
such as at the fingertip, wrist, any portion of the arm, or any portion of the neck. For
example, the measurement device 110 is in the form of a watch wearable on the
user's wrist. The measurement device 110 may be configured to measure

physiological data only if there is sufficient battery power therein.

The physiological data includes data on vital signs of the user measureable from the
vascular activity, such as but not limited to, heart rate, heart rate variability, blood
pressure, pulse shape variability, and the like and any combination thereof. Pulse
shape variability can be referred to as a standard deviation of the vital sign feature
derived from a pulse shape of the input physiological signal (e.g. a PPG signal),
which may be calculated based on time interval information, skewness, magnitude,
integral and differential information, a frequency component, or their derivatives of a
pulse for example.

The measurement device 110 comprises a sensor module for measuring the
physiological data. Specifically, the sensor module includes a photoplethysmography
(PPG) sensor for measuring, from the user, a number of sets (i.e. at least one set) of
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physiological data, each set of physiological data measured during a discrete time
period. For example, the sets of physiological data may be measured in time periods
ranging from 1 minute to 5 minutes, although other time periods are possible. In
some embodiments, the PPG sensor is a pulse oximeter sensor having an
illumination element, e.g. a light emitting diode (LED), and at least two
photodetectors / photodiodes for measuring physiological data resulting from
vascular activity in the user. The illumination element may be positioned between or
adjacent to the two photodetectors.

In each cardiac cycle, the heart pumps blood to the periphery (e.g. wrist and digits)
of the body through a pressure pulse. The pressure pulse is sufficient to distend the
blood vessels in the subcutaneous tissue in the body skin, thereby changing the
blood volume of the subcutaneous tissue in the body skin. The pulse oximeter
sensor measures the vascular activity resulting from blood circulation in the body.
Specifically, the pulse oximeter sensor measures the amount of oxygen in blood
indirectly by determining the oxygen saturation level (SO2) of the haemoglobin in
blood and also measures changes in blood volume in the body skin. The change in
volume caused by the pressure pulse can be detected by illuminating the skin with
the illumination element of the pulse oximeter sensor and then measuring the
amount of light either transmitted or reflected to the photodetectors / photodiodes.
The measurement device 110 is worn or attached close to the body skin of the user
so that the PPG or pulse oximeter sensor can illuminate the skin and detect the
changes in light absorption to thereby measure the physiological data. The
physiological data is measured as a photoplethysmogram having at least one series
of data signals or waveform, i.e. a series of physiological data.

The electronic device 130 is a computer or computing device which is operated by
the user. Some non-limiting examples of the electronic device 130 include a desktop
device, mobile device, personal digital assistant (PDA), mobile phone, tablet, phablet,
laptop computer, and any other electronic communication which may have
processors, microprocessors, central processing units, or controllers. The electronic

device 130 is communicable with the measurement device 110 and the remote
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server 150 via the communication network 170, such as for sharing of the

physiological data.

The remote server 150 is a computer server that is located remotely away from the
electronic device 130, i.e. not sharing the same local network of the electronic device
130. The remote server 150 is a physical or cloud data processing system on which
a server program runs. The server may be implemented in hardware or software, or
a combination thereof. The server includes computers, laptops, mini-computers,
mainframe computers, any non-transient and tangible machines that can execute a
machine-readable code, cloud-based servers, distributed server networks, and a

network of computer systems.

The communication network 170 is a medium or environment through which content,
notifications, and/or messages are communicated among various entities, including
the measurement device 110, the electronic device 130, and the remote server 150.
Some non-limiting examples of the communication network 170 include a virtual
private network (VPN), wireless fidelity (Wi-Fi) network, light fidelity (Li-Fi) network,
local area network (LAN), wide area network (WAN), metropolitan area network
(MAN), satellite network, Internet, fiber optic network, coaxial cable network, infrared
(IR) network, radio frequency (RF) network, and any combination thereof.
Connection to the communication network 170 may be in accordance with various
wired and wireless communication protocols, such as Transmission Control Protocol
/ Internet Protocol (TCP/IP), User Datagram Protocol (UDP), 2nd to 5th Generation
(2G to 5@G), Long Term Evolution (LTE), Long Range (LoRa), and any combination
thereof. Each of the measurement device 110, the electronic device 130, and the
remote server 150 comprises a data communication or transceiver module to
communicate and send / receive data over the communication network 170. Some
non-limiting examples of a transceiver module include an antenna module, a radio
frequency transceiver module, a wireless transceiver module, a Bluetooth
transceiver module, an Ethernet port, a Universal Serial Bus (USB) port, or any
combination thereof. Additionally, communications through the communication

network 170 may be secured by protocols such as Hypertext Transfer Protocol
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Secure (HTTPS) and/or implemented with network security systems such as

computing firewalls, as will be readily understood by the skilled person.

In some embodiments, the measurement device 110 is communicable with the
electronic device 130 via wireless / contactless communication protocols such as
Bluetooth, Wi-Fi, and Near Field Communication (NFC) communication protocols.
For example, the measurement device 110 and the electronic device 130 may share
the same Wi-Fi network and data is communicable therebetween. The measurement
device 110 may also be communicable with the electronic device 130 via wired
communications such as USB. The electronic device 130 is communicable with the
remote server 150 such as via the Internet. The electronic device 130 thus functions
as an intermediary device between the measurement device 110 and the remote
server 150, such that the measurement device 110 is communicable with the remote
server 150 via the electronic device 130. For example, the measurement device 110
measures the physiological data and stores the physiological data on the first
database 112. The measurement device 110 may automatically communicate the
physiological data the electronic device 130 and thereby to the remote server 150.
Alternatively, the measurement device 110 may first communicate the physiological
data to the electronic device 130 for storing on the second database 132, and the
electronic device 130 subsequently communicates the physiological data to the
remote server 150 at a later time for storing on the third database 152. This may
happen if the user is being measured by the measurement device 110 and there is
zero or limited network connectivity. In some other embodiments, the measurement
device 110 is directly communicable with the remote server 150 such as via the
Internet for direct sharing of the physiological data.

With reference to Figure 1B, the measurement device 110 includes a device body
114 and a display module 116. The display module 116 includes a graphical user
interface (GUI) 118 having a set of graphical user interface (GUI) portions 120 for
displaying visual information from the stress assessment of the user based on the
physiological data. The visual information is derived from processing of the
physiological data and may be displayed on one or more of the GUI portions 120 or
on the entire GUI 118. In some embodiments, the GUI 118 includes a first GUI

10
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portion 120a, a second GUI portion 120b, and a third GUI portion 120c. It will be
appreciated that each of the GUI portions 120a-c may be rearranged in any location
of the GUI 118.

With reference to Figure 1C, the electronic device 130 includes a device body 134
and a display module 136. The display module 136 includes a GUI 138 having a set
of GUI portions 140 for displaying visual information from the stress assessment of
the user based on the physiological data. The visual information is derived from
processing of the physiological data and may be displayed on one or more of the
GUI portions 140 or on the entire GUI 138. In some embodiments, the GUI 138
includes a first GUI portion 140a, a second GUI portion 140b, and a third GUI portion
140c. It will be appreciated that each of the GUI portions 140a-c may be rearranged
in any location of the GUI 138.

In one embodiment, the user downloads a software application, e.g. a mobile app,
and installs it on the electronic device 130, e.g. a mobile phone. In another
embodiment, the software application is a web or web-based application that is
accessible using a browser executed on the electronic device 130. The web or web-
based application may be hosted on the remote server 150, such that it can be
accessed by multiple users using multiple electronic devices 130. The software
application may operate on a subscription basis such that the user is required to pay
subscription fees in order to use the stress assessment functions availed by the
software application.

The software application is executable on the electronic device 130 for performing
stress assessment of the user. The user may need to setup his/her profile if he/she
is using the software application for the first time. In this setup or registration
procedure, the user inputs a relevant set of personal information including a set of
physiological information that may include gender, date of birth, weight, height, job
type, and health background. The personal information and physiological information
are used to determine reference conditions, e.g. a normal / unstressed state for

reference, for stress assessment of the user.

11
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After the registration procedure, the user configures the measurement device 110 to
be associated with the electronic device 130, such as by Bluetooth pairing. The
association between the measurement device 110 and electronic device 130
enables the measurement device 110 to communicate the measured physiological
data to the electronic device 130. The personal information and physiological
information together with the reference conditions may also be communicated from

the electronic device 130 to the measurement device 110.

With reference to Figure 2, there is shown a computer-implemented or computerized
method 200 for stress assessment of the user. The method 200 is implemented on
and performed by the measurement device 110 which comprises various modules /
components, including a processor for executing program instructions, for performing

various steps of the method 200.

The method 200 includes a step 202 of retrieving, from the first database 112, a
number of sets (i.e. at least one set) of physiological data measured from the user,
each set of physiological data measured during a discrete time period. The method
200 includes a step 204 of determining a stress parameter for each set of
physiological data for comparison against a predefined stress reference. The method
200 includes a step 206 of identifying a first stress parameter for a current time
period. The method 200 includes step 208 of generating a stress alert in response to
a determination that predefined stress conditions are satisfied based on at least the
first stress parameter. Specifically, the stress conditions are satisfied if the first stress
parameter is indicative of a stress state of the user relative to the predefined stress
reference. The method 200 includes a step 210 of displaying, on at least one GUI
portion 120 of the measurement device 110, visual information corresponding to the
stress alert and assistive to the user in relieving the stress state.

In some embodiments, the measurement device 110 shares the physiological data
with the electronic device 130 for the electronic device 130 to perform stress
assessment of the user. In one embodiment, the physiological data is measured and
stored on the first database 112 before communicating the physiological data to the
electronic device 130, such as upon request by the user. In another embodiment,

12



10

15

20

25

30

WO 2019/168473 PCT/SG2019/050110

there is an active communication link between the measurement device 110 and the
electronic device 130 such that the physiological data is automatically shared with
the electronic device 130 immediately or shortly after measurement thereof. Similarly,
there may be an active communication link between the electronic device 130 and
the remote server 150 such that the physiological data is automatically shared with

the remote server 150.

With reference to Figure 3, there is shown a computer-implemented or computerized
method 300 for stress assessment of the user. The method 300 is implemented on
and performed by the electronic device 130 which comprises various modules /
components, including a processor for executing program instructions, for performing

various steps of the method 300.

The method 300 includes a step 302 of receiving, from the measurement device 110,
a measurement dataset comprising a number of sets (i.e. at least one set) of
physiological data measured from the user, each set of physiological data measured
during a discrete time period. The method 300 includes a step 304 of storing the
measurement dataset on the second database 132. The method 300 includes a step
306 of determining a stress parameter for each set of physiological data for
comparison against a predefined stress reference. The method 300 includes a step
308 of identifying a first stress parameter for a current time period. The method 300
includes step 310 of generating a stress alert in response to a determination that
predefined stress conditions are satisfied based on at least the first stress parameter.
Specifically, the stress conditions are satisfied if the first stress parameter is
indicative of a stress state of the user relative to the predefined stress reference. The
method 300 includes a step 312 of displaying, on at least one GUI portion 140 of the
electronic device 130, visual information corresponding to the stress alert and
assistive to the user in relieving the stress state.

In the steps 202 and 302, the set(s) of physiological data are measured from the
user using the measurement device 110 before the stress parameters are
determined. Each set of physiological data is measured during a discrete time period

which can range from 1 minute to 5 minutes, although other time periods are
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possible, such as 10 minutes, 30 minutes, 1 hour, etc. The duration of the discrete
time periods may be adjustable by the user using the software application on the
electronic device 130 or by using the measurement device 110. The set(s) of
physiological data collectively form a series of physiological data. For example, the
series of physiological data includes 12 sets of physiological data, wherein each set
is measured during a discrete time period of 5 minutes, such that the series is
measured during a time space of 1 hour. It will be appreciated that the discrete time
period and number of sets in a series of physiological data are adjustable to
customize the measurement of the physiological data to the user’s preference.

In the steps 204 and 306, a stress parameter is determined for each set of
physiological data in the respective time period for comparison against a predefined
stress reference. The stress parameter may include a stress score or index that is
calculated using a predefined algorithm applied to the physiological data such as
heart rate, heart rate variability, blood pressure, pulse shape variability, and the like
and any combination thereof. The predefined stress reference may be a reference
stress score or index that is derived from the reference conditions of the user
determined during the registration procedure. Additionally, the stress reference of the
user may be further defined based on a national average stress pattern and/or stress

parameters and stress references from a population of users.

The steps 206 and 308 identify the first stress parameter for the current time period.
The first stress parameter may be indicative of a stress state of the user relative to
the predefined stress reference. For example, the user may be in the stress state if
the first stress parameter is at or higher than the stress reference. Conversely, the
user may be in the normal / unstressed state if the first stress parameter is lower
than the stress reference.

The predefined stress reference may be adjustable by the user to vary the sensitivity
of the stress state indication. For example, the user may increase the stress
reference so that there is lower probability of a stress parameter being indicative of a
stress state. The software application may provide a number of levels of the
predefined stress reference for the user to select.

14
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In some embodiments of the method 200 / 300, the predefined stress conditions are
satisfied based on the first stress parameter and a second stress parameter. In one
embodiment, the method 200 / 300 optionally includes a step of identifying the
second stress parameter for a second time period preceding the current time period.
The current time period is thus consecutive to the second time period. The stress
conditions are satisfied if, additionally, the second stress parameter is indicative of a
stress state of the user relative to the predefined stress reference.

In another embodiment, the method 200 / 300 optionally includes a step of
identifying a recent stress state of the user based on the stress parameters for
earlier time periods before the current time period, the recent stress state indicative
by the second stress parameter for an earliest of the earlier time periods. The
earliest time period wherein the second stress parameter indicates the stress state
may immediately precede the current time period or before that. The stress
conditions are satisfied if, additionally, the second stress parameter is indicative of
the recent stress state of the user, and none of the stress parameters for the other

earlier time periods is indicative of a normal state of the user.

In some embodiments of the method 200 / 300, the predefined stress conditions are
satisfied based on the first stress parameter, a second stress parameter, and a third
stress parameter. In one embodiment, the method 200 / 300 optionally includes a
step of identifying the second stress parameter for a second time period preceding
the current time period, and identifying the third stress parameter for a third time
period preceding the second time period. The current, second, and third time periods
are thus consecutive time periods. The stress conditions are satisfied if, additionally,
both the second and third stress parameters are indicative of a stress state of the
user relative to the predefined stress reference.

In another embodiment, the method 200 / 300 optionally includes a step of
identifying two recent stress states of the user based on the stress parameters for
earlier time periods before the current time period, the recent stress states indicative
by second and third stress parameters for second and third time periods,

15
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respectively, within the earlier time periods, the third time period being an earliest of
the earlier time periods. The stress conditions are satisfied if, additionally, both the
second and third stress parameters are indicative of the recent stress states of the
user, and none of the stress parameters for the other earlier time periods is

indicative of a normal state of the user.

In some embodiments of the method 200 / 300, the predefined stress conditions are
satisfied based on the first stress parameter and a plurality of recent stress
parameters. The method 200 / 300 optionally includes identifying a plurality of recent
stress states of the user based on the stress parameters for earlier time periods
before the current time period, the recent stress states indicative by the plurality of
recent stress parameters for a plurality of recent time periods within the earlier time
periods, the plurality of recent stress parameters including an earliest stress
parameter for an earliest of the earlier time periods. The stress conditions are
satisfied if, additionally, all of the plurality of recent stress parameters are indicative
of the recent stress states of the user, and none of the stress parameters for the
other earlier time periods is indicative of a normal state of the user.

Collating two or more stress parameters that indicate stress states for two or more
discrete time periods, e.g. consecutive time periods, allows for a stress pattern to be
established for improved accuracy in determining whether the user is in a stress
state. However, this chain of stress parameters would be broken if one of the stress
parameters is indicative of a normal state of the user, thus disregarding the earlier
stress parameters. For example, the stress parameters for all time periods before the
current time period are disregarded for the stress conditions if the first stress

parameter is indicative of a normal state of the user.

The measurement device 110 may determine measurement conditions for each set
of physiological data. The measurement conditions may affect the accuracy of the
measured physiological data. If the measurement conditions are determined to be
unsatisfactory, such as if they do not satisty the reference conditions of the user
determined during the registration procedure or some other set of common reference

conditions applicable to all measurement devices 110, the set of physiological data
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measured under these unsatisfactory measurement conditions are discarded. In one
embodiment, discarding the physiological data may mean permanently deleting the
physiological data. In another embodiment, the physiological data may still be stored
on the first database 112 for subsequent communication to the electronic device 130
and remote server 150 but would not be considered for stress assessment. As the
physiological data for this time period is discarded, the stress parameter for this time
period cannot be determined. This would be indicative of an invalid or null state since
it cannot be determined whether the user is in a stress or normal state. Absence of
physiological data for a time period would also result in a null state.

Each of the measurement device 110 and the electronic device 130 is configured to
display various graphics / screens on the GUIs 118 and 138, respectively, during
measurement of physiological data from the user and/or during processing of the
physiological data for stress assessment. With reference to Figure 4A to Figure 4C,
there is a first graphic 400, a second graphic 420, and a third graphic 440
displayable on the GUIs 118 and 138. The graphics 400 / 420 / 440 display visual
information related to the stress assessment to the user. In the measurement device
110, the graphics 400 / 420 / 440 may be displayed on any of the GUI portions 120.
Similarly, in the electronic device 130, the graphics 400 / 420 / 440 may be displayed
on any of the GUI portions 140.

Visual information from the stress assessment may be presented to the user on the
GUI 118 / 138. The visual information may include colour indicators of monochrome
(black & white), grayscale, and/or colour palettes. During measurement of the
physiological data in each time period, visual information may be presented to the
user in the form of the first graphic 400 and/or second graphic 420. The first graphic
400 may be presented in monochrome or grayscale palette. The first graphic 400 as
shown in Figure 4A includes a normal icon 402 representing the normal / unstressed
state, a stress icon 404 representing the stress state, and a null icon 406
representing the null state. The second graphic 420 may be presented in
monochrome, grayscale, or colour palette. The second graphic 420 as shown in
Figure 4B includes a normal icon 422 representing the normal / unstressed state
when the stress alert is not generated, a stress icon 424 representing the stress
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state when the stress alert is generated, and a null icon 426 representing the null
state. The normal, stress, or null state for each time period is determined from
processing of the physiological data as described above.

Figure 5A illustrates an example of a time space 510 having multiple consecutive
discrete time periods for which the stress parameters are determined. The series of
stress parameters in the time space 510 may be displayed on the measurement
device 110. Notably, the first to last time periods are arranged from right to left, and
the first time period refers to the current time period. Each stress parameter is
represented by the normal icon 402, stress icon 404, or null icon 406. A stress alert
500 is generated in response to a determination that predefined stress conditions are
satisfied based on at least the first or current stress parameter. Specifically, the
stress conditions are satisfied if the first stress parameter, which can be for any
current time period, is indicative of the stress state. No stress alerts 500 are
generated if the first stress parameter is indicative of the normal or null state.

Figure 5B illustrates another example of a time space 520 having multiple
consecutive discrete time periods for which the stress parameters are determined.
The series of stress parameters in the time space 520 may be displayed on the
measurement device 110. In the time space 520, two stress parameters indicative of
the stress state are generally required for the stress alert 500 to be generated, such
as if there are stress states in two consecutive time periods. In a first group 522 of
first and second time periods in the time space 520, both the first and second stress
parameters are indicative of the stress state. The stress conditions are satisfied and
the stress alert 500 is generated.

In a second group 524, the first stress parameter for the first time period is indicative
of the stress state but the second stress parameter for the second time period is
indicative of the null state. A recent stress state of the user is then identified based
on the stress parameters for earlier time periods before the first time period. The
recent stress state is indicative by a recent stress parameter for an earliest of the
earlier time periods. In the second group 524, the recent stress parameter is the third
stress parameter for the third time period, the third stress parameter indicative of the
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stress state. None of the stress parameters for the other earlier time periods (i.e. the
second stress parameter for the second time period) is indicative of a normal state.
The stress conditions are satisfied and the stress alert 500 is generated. Notably, the
stress conditions would be satisfied and the stress alert 500 would be generated if
the first and last stress parameters are indicative of the stress state, and the
intervening stress parameters are not indicative of normal states, though they can be
indicative of null states.

Indication of the normal state in any time period would “break” the chain of stress
parameters for all earlier time periods leading to said time period and disregard the
stress parameters for all earlier time periods. As an illustrative example, in a third
group 526, the first and third stress parameters are indicative of the stress state, and
the second stress parameter is indicative of the normal state. Although there are two
stress parameters indicative of the stress state, the second stress parameter
indicative of the normal state “breaks” the chain of stress parameters. Thus, the third
stress parameter, as well as earlier stress parameters, is disregarded in determining
if the stress conditions are satisfied. Since the stress state is indicative by the first
stress parameter only, no stress alert 500 is generated, i.e. this would be a non-alert
500°. The stress alert 500 would be generated later in the next time period if the next
stress parameter for the next time period is indicative of the stress state.

Figure 5C illustrates another example of a time space 530 having multiple
consecutive discrete time periods for which the stress parameters are determined.
The series of stress parameters in the time space 530 may be displayed on the
measurement device 110. In the time space 530, three stress parameters indicative
of the stress state are generally required for the stress alert 500 to be generated,
such as if there are stress states in three consecutive time periods. In a first group
532 of first to third time periods in the time space 530, all of the first to third stress
parameters are indicative of the stress state. The stress conditions are satisfied and

the stress alert 500 is generated.

In a second group 534, the first and second stress parameters for the first and
second time periods are indicative of the stress state, but the third stress parameter
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for the third time period is indicative of the null state. Two recent stress states of the
user are then identified based on the stress parameters for earlier time periods
before the first time period. The recent stress states are indicative by two recent
stress parameters for two recent time periods within the earlier time periods, one of
the two recent time periods being an earliest of the earlier time periods. In the
second group 534, the two recent stress parameters are the second and fourth
stress parameters for the second and fourth time periods, both the second and fourth
stress parameters indicative of the stress state. The fourth time period is also said
one of the two recent time periods being the earliest of the earlier time periods. None
of the stress parameters for the other earlier time periods (i.e. the third stress
parameter for the third time period) is indicative of a normal state. The stress
conditions are satisfied and the stress alert 500 is generated. Notably, the stress
conditions would be satisfied and the stress alert 500 would be generated if the first
and last stress parameters are indicative of the stress state, and the intervening
stress parameters include one that is indicative of the stress state and none that is

indicative of the normal state, though they can be indicative of the null state.

Similar to the time space 520 in Figure 5B, indication of the normal state in any time
period would break the chain of stress parameters for all earlier time periods leading
to said time period and disregard the stress parameters for all earlier time periods.
As an illustrative example, in a third group 536, the first, third, and fourth stress
parameters are indicative of the stress state, and the second stress parameter is
indicative of the normal state. Although there are three stress parameters indicative
of the stress state, the second stress parameter indicative of the normal state breaks
the chain of stress parameters. Thus, the third and fourth stress parameters, as well
as earlier stress parameters, are disregarded in determining if the stress conditions
are satisfied. Since the stress state is indicative by the first stress parameter only, no
stress alert 500 is generated, i.e. this would be a non-alert 500°. The stress alert 500
would be generated later in the second next time period if the two next stress

parameters for the two next time periods are indicative of the stress state.

It will be appreciated that the user may configure / adjust the predefined stress
conditions such that the stress alerts 500 are generated based on different

20



10

15

20

25

30

WO 2019/168473 PCT/SG2019/050110

combinations / permutations of the various stress parameters for various time
periods. To illustrate this is a generic example, there is a generic time space having
multiple consecutive discrete time periods for which the stress parameters are
determined. In this generic time space, a plurality of stress parameters indicative of
the stress state are generally required for the stress alert 500 to be generated, such
as if there are stress states in a plurality of consecutive time periods. If there is no
continuity of the stress states and the first stress parameter is indicative of the stress
state, a plurality of recent stress states of the user are then identified based on the
stress parameters for earlier time periods before the first time period. The recent
stress states are indicative by a plurality of recent stress parameters for a plurality of
recent time periods within the earlier time periods. The plurality of recent stress
parameters include an earliest stress parameter for an earliest of the earlier time
periods. The stress conditions are satisfied if the first stress parameter and all of the
plurality of recent stress parameters are indicative of the recent stress states of the
user, and none of the stress parameters for the other earlier time periods is
indicative of a normal state of the user, since the normal state breaks the chain of

stress parameters.

Referring to the generic time space 600 in Figure 6 as an illustrative example, if a
total of three stress parameters (including the first stress parameter for the current
time period) indicative of the stress state are required to satisfy the stress conditions
and to generate the stress alert 500, the stress alert 500 would be generated in the
current time periods 602, 604, and 606. If a total of four stress parameters indicative
of the stress state are required, the stress alert 500 would be generated in the
current time period 604 and 606. If a total of five stress parameters indicative of the
stress state are required, the stress alert 500 would not be generated any time
period in the time space 600. Notably, the stress parameter for the time period 608
(indicative of the normal state) would break the chain of stress parameters and
disregard the stress parameter for the time period 602 (indicative of the stress state).
However, if the stress parameter for the time period 608 is instead indicative of the
stress or null state, then the stress alert 500 would be generated in the current time
period 606.
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Consideration of the stress parameters for multiple time periods in a time space
helps to establish a stress or mood pattern of the user and more accurately informs
the user of his/her overall stress state. It will be appreciated that additional stress
parameters for additional preceding time periods can be considered collectively with
the stress parameters for the later time periods to establish a longer-term or chronic

stress pattern of the user.

In the steps 210 and 312, visual information corresponding to the stress alert 500 is
displayed on at least one GUI portion 120 / 140. The visual information may be
presented to the user in the form of the third graphic 440. The third graphic 440 may
be presented in colour palette. The third graphic 440 includes a set of illumination
elements (e.g. LEDs) 442. The third graphic 440 as shown in Figure 4C includes
three LEDs 442 arranged in a row, wherein the LEDs 442 are configured to
illuminate the colour indicator. If there is no stress alert 500 generated, the colour
indicator is green which indicates that the user is in a normal state or mood.
Conversely, if a stress alert 500 is generated, the colour indicator of the visual
information corresponding to the stress alert 500 is purple. Surprisingly, the purple
colour indicator assists the user to calm down. Accordingly, if a stress alert 500 is
generated because the user is in a stress state, the visual information corresponding
to the stress alert 500 would be assistive to the user in relieving the stress state.

The third graphic 440 and/or another graphic containing visual information
corresponding to the stress alert 500 may appear as a visual pop-up notification on
the GUI 118 / 138 to attract the attention of the user. In some embodiments, the
measurement device 110 comprises a haptic module for generating haptic feedback
corresponding to the stress alert 500. The haptic feedback may be in the form of
vibrations that can be felt by the user wearing the measurement device 110, thereby
alerting the user to the stress state. The software application may avail functions for
the user to configure the visual pop-up notification and haptic feedback, such as the

visual appearance and vibration intensity.

The visual information is presented to the user in real-time based on live

measurement of the physiological data. As the stress state may change constantly
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and is dependent on the user’s physiological reaction, the visual information may
appear quickly to assist the user in combating and managing stress. The visual
information and optionally the haptic feedback resulting from the stress alert 500
help the user to be aware of their stress states and encourage the user to take action
to reduce their stress state.

As described above, a time space, such as the time spaces 510/ 520 / 530 shown in
Figure 5A to Figure 5C, has multiple consecutive discrete time periods. Each time
period identically ranges from 1 minute to 5 minutes, although other ranges are
possible. Various discrete time periods may have identical duration but may
alternatively differ from one another. A series of physiological data is measured
during the time space and the series of physiological data are collectively considered
in determining the stress state of the user. Measurement of the series of
physiological data by the measurement device 110 during a single time space may

be known as spot stress measurement.

When the measurement device 110 performs a new spot stress measurement, the
new physiological data is stored as a first series of physiological data on the first
database 112. The first series of physiological data may be shared with the
electronic device 130 and/or remote server 150 for further processing. For example,
the first series of physiological data is communicated to the electronic device 130 for
further processing, such as for archiving because the first database 112 is unable to
store more than one series of physiological data. The first series of physiological
data may then be stored on the second database 132. The second database 132
may already have preceding series of physiological data that were measured earlier,
such as a second and third series of physiological data. The multiple series of
physiological data may be collectively processed by the electronic device 130 to

determine an intermediate stress measurement and a cumulative stress pattern.

In one embodiment as shown in Figure 7A, the electronic device 130 may display a
histogram graphic / screen 700 on the GUI 138 for visualization of the cumulative
stress pattern 702 of the user. The cumulative stress pattern 702 is formed from
several time spaces. Each time space is associated with a cumulative stress
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parameter determined from the series of physiological data measured during the
time space. The cumulative stress parameter for the time space may be determined
based on a mean or median of the stress parameters for the time periods within the
time space. Accordingly, the cumulative stress pattern 702 as shown in the
histogram graphic 700 is determined from the cumulative stress parameters and
provides visual information or feedback to the user the intermediate stress
measurement of the user. The histogram graphic 700 helps the user to be more
aware of his/her mood and stress pattern.

In Figure 7A, the histogram graphic 700 shows the cumulative stress pattern 702 for
12 hours of time spaces. Each bar or interval 704 in the cumulative stress pattern
702 represents or spans the time space of 1 hour. In another embodiment as shown
in Figure 7B, the electronic device 130 may display an alternative histogram graphic
/ screen 710 on the GUI 138 for visualization of the cumulative stress pattern 712 of
the user. Instead of bars 704 in the histogram graphic 700, the histogram graphic
710 shows a chart line 714 across columns that represent the 12 hours of time

spaces.

It will be appreciated that the cumulative stress pattern 702 / 712 may be displayed
for any duration between 1 hour and 24 hours or longer. The cumulative stress
pattern 702 / 712 may be updated with the cumulative stress parameter for a new
time space. The leftmost or rightmost time space then shifts out of sight (i.e. out of
the GUI 138) and the new time space is added to update the cumulative stress
pattern 702 / 712. For example, the cumulative stress pattern 702 is displayed for 12
hours of time spaces from 0600 to 1800 hours. When the series of physiological data
for the next hour is received, the cumulative stress parameter is determined and
updated to the cumulative stress pattern 702 / 712. Specifically, the cumulative
stress pattern 702 / 712 will shift to then display 12 hours of time spaces from 0700
to 1900 hours. Accordingly, the cumulative stress pattern 702 / 712 and the
histogram graphic 700 / 710 may be updated every hour (or at any other time

interval).
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The user may configure the cumulative stress pattern 702 / 712 to display less or
more than 12 hours of time spaces. For example, the cumulative stress pattern 702 /
712 may be displayed for one week or 168 hours of time spaces. Each bar or interval
704 in the cumulative stress pattern 702 or each column in the chart line 714 may
represent or span the time space of 1 hour. The user may adjust visualization of the
cumulative stress pattern 702 / 712 on the histogram graphic 700 / 710, such as by
adjusting each bar or interval 704 of the cumulative stress pattern 702 or each
column of the chart line 714. For example, each bar or interval 704 or each column
may span 12 to 14 hours instead of 1 hour. The user may also reset the intermediate
stress measurement and cumulative stress pattern 702 / 712 at any given time /
intervals, e.g. daily or weekly or on predefined number of days, or at predefined
times, e.g. end of each day.

In some embodiments, the user may configure the measurement device 110 to reset
daily or weekly etc. as the first database 112 may not be able to store more
physiological data. The measured physiological data may be transferred to the
electronic device 130 and/or remote server 150 for further processing and for storing
/ archiving on the second database 132 and/or third database 152, respectively.
Particularly, the remote server 150 may store historical physiological data of the user
on the third database 152 for performing long-term stress measurement, such as to

determine a long-term or chronic stress pattern.

In one embodiment, the remote server 150 receives a measurement dataset from
the measurement device 110 or the electronic device 130. The measurement
dataset comprises a plurality of sets of physiological data measured from the user.
The measurement dataset is stored on the third database 152 together with historical
measurement datasets of the user obtained previously. The measurement datasets
of the user may be collectively used to derive various information of the user. For
example, the remote server 150 may apply algorithms to the measurement datasets
to calculate a user activity, a user sleep activity, a user stress parameter, etc. The
total duration of the long-term measurement, i.e. of all the time spaces from all the
measurement datasets, may range from days to years as adjustable by the user.
Various algorithms and statistical approaches may be implemented to perform the
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long-term stress measurement based on all the measurement datasets. The user
may request for periodic overviews of the measurement datasets and long-term
stress patterns, such as in daily, weekly, or monthly formats. The periodic overviews
may be communicated to the measurement device 110 / electronic device 130 and
displayed on the GUIs 118/ 138, respectively.

In some embodiments, the remote server 150 determines a long-term or chronic
stress state of the user from the long-term stress measurement and relative to a
reference dataset. The reference dataset may be derived from derived from the
reference conditions of the user, a national average, and/or a user population. The
remote server 150 additionally generates recommendation content for relieving the
chronic stress state of the user. Recommendation content may be provided by third
party service providers and shared with the remote server 150. Based on the
measurement datasets of a particular user, the remote server 150 and generate
curated recommendation content and distribute it to the user. Some non-limiting
examples of the recommendation content include relaxation methods (e.g. breathing
exercises and mindfulness training), stress relief images / videos / audio, interactive
information, exercise / fitness information (e.g. Yoga and Pilates), and suggested
foods / supplements for stress relief. The recommendation content may be
communicated to the measurement device 110 / electronic device 130 and displayed
on the GUIs 118 / 138, respectively.

In some embodiments, there are active communication links through the
communication network 170 among the measurement device 110, electronic device
130, and remote server 150. The active communication links facilitate automatic
sharing of the physiological data immediately or shortly after measurement by the
measurement device 110. In this manner, stress assessment of the user based on
the physiological data be performed by the measurement device 110, electronic
device 130, and remote server 150 in real-time. The user can similarly obtain visual

information from the stress assessment in real-time.

In one embodiment, clinicians can communicate with the remote server 150 to

access the stress assessment of a particular user, such as one who has been
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previously assessed by clinicians to be at risk of being chronically stressed. The
long-term stress measurement performed by the remote server 150 provides the
clinicians with a more accurate and insightful long-term stress pattern of the user.
The long-term stress pattern helps the clinicians to check on the user’s state of mind
and may give the clinicians a view of the user’s stress pattern over time. The
clinicians may administer appropriate stress relaxation exercises or in very severe
conditions, administer medication to the user. Clinicians may also take the long-term
stress pattern into consideration when assessing other health conditions of the user,
such as hypertension and sleep-related conditions.

As described above, absence of physiological data for a time period would result in a
null state. In one embodiment, the null state would cause a null signal to be
communicated from the measurement device 110 to the electronic device 130 /
remote server 150. The null signal alerts the clinicians to the condition where no
physiological data is available for the time period. The remote server 150 can track
the measurement of physiological data in real-time and if there is no physiological
data received for a particular time period, this might lead the clinicians to deduce
adverse conditions for the user. For example, as some users may experience
extreme stress states, the clinicians may deduce that the user is in distress, such as
in a suicidal condition or a situation where the user may cause self-harm or hurt
others. In a more specific example, the user may be wearing the measurement
device 110 (in the form of a watch) on the wrist and the measurement device 110 is
continuous measuring physiological data. However, the next time period results in
the null signal which could mean that the user might have slit his/her wrist, causing
profuse bleeding from the wrist and changes in the measurement of physiological
data, such as sudden termination of the measurement. The null signal helps the
clinicians to assess whether the user is in distress and determine whether immediate

remedy action is necessary.

Figure 8 is a block diagram illustrating a technical architecture of a computer 800 in
accordance with embodiments of the present disclosure. Some non-limiting
examples of the computer 800 are the measurement device 110, electronic device
130, and remote server 150. The computer 800 includes a processor / central
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processing unit (CPU) 802, memory devices 804, a database 806, a data

communication module 808, and a physiological data module 810.

The processor 802 executes instructions, codes, computer programs, and/or scripts
which it accesses from the memory devices 804. The processor 802 includes
suitable logic, circuitry, and/or interfaces to execute such operations or steps. Some
non-limiting examples of the processor 802 include an application-specific integrated
circuit (ASIC) processor, a reduced instruction set computing (RISC) processor, a
complex instruction set computing (CISC) processor, a field-programmable gate
array (FPGA), and the like. While only one processor 802 is shown, multiple
processors 802 may be present. Thus, while instructions may be discussed as
executed by a processor 802, the instructions may be executed simultaneously,
serially, or otherwise executed by one or multiple processors 802 (e.g. in a multi-core

configuration).

The memory devices 804 may comprise storage devices (such as flash memory,
disk drives, or memory cards), read-only memory (ROM), and random-access
memory (RAM). The memory devices 804 store non-transitory instructions operative
by the processor 802 to perform various operations or steps of the methods 200 /
300 according to various embodiments of the present disclosure. The memory
devices 804 may be referred to as computer-readable storage media and/or non-
transitory computer-readable media. Non-transitory computer-readable media
include all computer-readable media, with the sole exception being a transitory

propagating signal per se.

The database 806 is any computer-operated hardware suitable for storing and/or
retrieving data. Some non-limiting examples of the database 806 are the databases
112, 132, and 152. The database 806 may include multiple storage units such as
hard disks and/or solid-state disks in a Redundant Array of Independent Disks (RAID)
configuration. The database 806 may include, but is not limited to, a storage area
network (SAN) and/or a network attached storage (NAS) system. The data
communication module 808 is configured for communication with other computers
800.
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The physiological data module 810 is configured to process the physiological data
and to perform stress assessment based on the physiological data. Various
algorithms may be implemented in the physiological data module 810 for performing

said processing of the physiological data and said stress assessment.

In the foregoing detailed description, embodiments of the present disclosure in
relation to devices and methods for stress assessment are described with reference
to the provided figures. The description of the various embodiments herein is not
intended to call out or be limited only to specific or particular representations of the
present disclosure, but merely to illustrate non-limiting examples of the present
disclosure. The present disclosure serves to address at least one of the mentioned
problems and issues associated with the prior art. Although only some embodiments
of the present disclosure are disclosed herein, it will be apparent to a person having
ordinary skill in the art in view of this disclosure that a variety of changes and/or
modifications can be made to the disclosed embodiments without departing from the
scope of the present disclosure. Therefore, the scope of the disclosure as well as the
scope of the following claims is not limited to embodiments described herein.
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Claims

1. A measurement device for stress assessment of a user, comprising:

a sensor module comprising a photoplethysmography (PPG) sensor for
measuring, from the user, a number of sets of physiological data, each set of
physiological data measured during a discrete time period;

a database for storing the physiological data;

a display module comprising a set of graphical user interface (GUI)
portions for displaying visual information from the stress assessment based
on the physiological data; and

a processor configured for:

determining a stress parameter from each set of physiological
data for comparison against a predefined stress reference;

identifying a plurality of stress parameters in a time space
having a plurality of consecutive discrete time periods, each stress
parameter for one of the time periods, the plurality of stress parameters
including a first stress parameter for a current time period ending the
time space;

generating a stress alert in response to a determination that
predefined stress conditions are satisfied based on the plurality of
stress parameters including the first stress parameter, wherein the
stress conditions are satisfied if each of the first stress parameter and
at least one earlier stress parameter is indicative of a stress state of the
user relative to the predefined stress reference, each of the at least
one earlier stress parameter for a respective earlier time period before
the current time period; and

communicating the stress alert to the display module for
displaying, on at least one of the GUI portions, the visual information
corresponding to the stress alert and assistive to the user in relieving
the stress state,

wherein the stress conditions are associated with a stress
pattern of the user formed by the plurality of stress parameters in the

time space.
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The device according to claim 1,

wherein the at least one earlier stress parameter includes a second
stress parameter for a second time period preceding the current time period;
and

wherein the stress conditions are satisfied if each of the first and
second stress parameters is indicative of the stress state of the user relative
to the predefined stress reference.

The device according to claim 1,
wherein the at least one earlier stress parameter includes an earliest
stress parameter for an earliest time period starting the time space; and
wherein the stress conditions are satisfied if each of the first and
earliest stress parameters is indicative of the stress state of the user, and
none of the other earlier stress parameters is indicative of a normal state of

the user.

The device according to claim 2,

wherein the at least one earlier stress parameter further includes a
third stress parameter for a third time period preceding the second time period;
and

wherein the stress conditions are satisfied if each of the first, second,
and third stress parameters is indicative of the stress state of the user relative
to the predefined stress reference.

The device according to any one of claims 1 to 4, wherein stress parameters

for all time periods before the current time period are disregarded for the stress
conditions if the first stress parameter is indicative of a normal state of the user.

The device according to any one of claims 1 to 5, wherein the visual

information from the stress assessment comprises colour indicators.
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7. The device according to claim 6, wherein the colour indicators comprise

purple, green, and monochrome.

8. The device according to claim 6 or 7, wherein the colour indicator of the visual

information corresponding to the stress alert is purple for relieving the stress state.

9. The device according to any one of claims 1 to 8, further comprising a haptic
module for generating haptic feedback corresponding to the stress alert.

10. The device according to any one of claims 1 to 9, the processor further
configured for determining measurement conditions for each set of physiological
data.

11.  The device according to claim 10, the processor further configured for
discarding a set of physiological data if the measurement conditions therefor are
determined to be unsatisfactory.

12. The device according to any one of claims 1 to 11, wherein the predefined
stress reference and/or predefined stress conditions is adjustable by the user.

13.  The device according to any one of claims 1 to 12, wherein the PPG sensor is
a pulse oximeter sensor comprising an illumination element and at least two

photodetectors.

14.  The device according to any one of claims 1 to 13, the processor further
configured for communicating the sets of physiological data to an electronic device
and/or a remote server for processing by the electronic device and/or the remote

server, respectively.

15. A computerized method for stress assessment of a user, the method

performed by a measurement device and comprising:
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retrieving, from a database of the measurement device, a number of
sets of physiological data measured from the user, each set of physiological
data measured during a discrete time period;

determining a stress parameter from each set of physiological data for
comparison against a predefined stress reference;

identifying a plurality of stress parameters in a time space having a
plurality of consecutive discrete time periods, each stress parameter for one
of the time periods, the plurality of stress parameters including a first stress
parameter for a current time period ending the time space;

generating a stress alert in response to a determination that predefined
stress conditions are satisfied based on the plurality of stress parameters
including the first stress parameter, wherein the stress conditions are satisfied
if each of the first stress parameter and at least one earlier stress parameter
is indicative of a stress state of the user relative to the predefined stress
reference, each of the at least one earlier stress parameter for a respective
earlier time period before the current time period; and

displaying, on at least one graphical user interface (GUI) portion, visual
information corresponding to the stress alert and assistive to the user in
relieving the stress state,

wherein the stress conditions are associated with a stress pattern of

the user formed by the plurality of stress parameters in the time space.

The method according to claim 15,

wherein the at least one earlier stress parameter includes a second
stress parameter for a second time period preceding the current time period;
and

wherein the stress conditions are satisfied if each of the first and
second stress parameters is indicative of the stress state of the user relative

to the predefined stress reference.
The method according to claim 15,

wherein the at least one earlier stress parameter includes an earliest

stress parameter for an earliest time period starting the time space; and
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wherein the stress conditions are satisfied if each of the first and
earliest stress parameters is indicative of the stress state of the user, and
none of the other earlier stress parameters is indicative of a normal state of
the user.

18.  The method according to claim 16,
wherein the at least one earlier stress parameter further includes a
third stress parameter for a third time period preceding the second time period;
and
wherein the stress conditions are satisfied if each of the first, second,
and third stress parameters is indicative of the stress state of the user relative
to the predefined stress reference.

19. The method according to any one of claims 15 to 18, wherein stress
parameters for all time periods before the current time period are disregarded for the
stress conditions if the first stress parameter is indicative of a normal state of the

user.

20. The method according to any one of claims 15 to 19, wherein the visual
information corresponding to the stress alert comprises a purple colour indicator for

relieving the stress state.

21. The method according to any one of claims 15 to 20, further comprising
generating haptic feedback corresponding to the stress alert.

22. The method according to any one of claims 15 to 21, further comprising
determining measurement conditions for each set of physiological data.

23. The method according to claim 22, further comprising discarding a set of

physiological data if the measurement conditions therefor are determined to be

unsatisfactory.
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24. The method according to any one of claims 15 to 23, wherein the predefined
stress reference and/or predefined stress conditions is adjustable by the user.

25. The method according to any one of claims 15 to 24, further comprising
communicating the sets of physiological data to an electronic device and/or a remote
server for processing by the electronic device and/or the remote server, respectively.

26. A non-transitory computer-readable medium having stored thereon
instructions that, when executed, cause a processor of the measurement device to
perform the method according to any one of claims 15 to 25.

27. A computerized method for stress assessment of a user, the method
performed by an electronic device and comprising:

receiving, from a measurement device, a measurement dataset
comprising a number of sets of physiological data measured from the user,
each set of physiological data measured during a discrete time period;

storing the measurement dataset on a database of the electronic
device;

determining a stress parameter from each set of physiological data for
comparison against a predefined stress reference;

identifying a plurality of stress parameters in a time space having a
plurality of consecutive discrete time periods, each stress parameter for one
of the time periods, the plurality of stress parameters including a first stress
parameter for a current time period ending the time space;

generating a stress alert in response to a determination that predefined
stress conditions are satisfied based on the plurality of stress parameters
including the first stress parameter, wherein the stress conditions are satisfied
if each of the first stress parameter and at least one earlier stress parameter
is indicative of a stress state of the user relative to the predefined stress
reference, each of the at least one earlier stress parameter for a respective
earlier time period before the current time period; and
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displaying, on at least one graphical user interface (GUI) portion, visual
information corresponding to the stress alert and assistive to the user in
relieving the stress state,

wherein the stress conditions are associated with a stress pattern of

the user formed by the plurality of stress parameters in the time space.

The method according to claim 27,

wherein the at least one earlier stress parameter includes a second
stress parameter for a second time period preceding the current time period;
and

wherein the stress conditions are satisfied if each of the first and
second stress parameters is indicative of the stress state of the user relative

to the predefined stress reference.

The method according to claim 27,

wherein the at least one earlier stress parameter includes an earliest
stress parameter for an earliest time period starting the time space,

wherein the stress conditions are satisfied if each of the first and
earliest stress parameters is indicative of the stress state of the user, and
none of the other earlier stress parameters is indicative of a normal state of

the user.

The method according to claim 28,

wherein the at least one earlier stress parameter further includes a
third stress parameter for a third time period preceding the second time period;
and

wherein the stress conditions are satisfied if each of the first, second,
and third stress parameters is indicative of the stress state of the user relative

to the predefined stress reference.

The method according to any one of claims 27 to 30, wherein stress

parameters for all time periods before the current time period are disregarded for the
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stress conditions if the first stress parameter is indicative of a normal state of the

user.

32. The method according to any one of claims 27 to 31, wherein the visual
information corresponding to the stress alert comprises a purple colour for relieving
the stress state.

33. The method according to any one of claims 27 to 32, further comprising

generating haptic feedback corresponding to the stress alert.

34. The method according to any one of claims 27 to 33, wherein the predefined
stress reference and/or predefined stress conditions is adjustable by the user.

35. The method according to any one of claims 27 to 34, further comprising
communicating the stress alert to the measurement device for displaying

corresponding visual information on the measurement device.

36. The method according to any one of claims 27 to 35, further comprising
communicating the measurement dataset to a remote server for processing by the

remote server.

37. The method according to claim 36, further comprising receiving, from the
remote server, recommendation content for relieving a chronic stress state of the
user, wherein the recommendation content is generated by and the chronic stress
state is determined by the remote server based on the measurement dataset and
historical measurement datasets of the user relative to a reference dataset.

38. A non-transitory computer-readable medium having stored thereon

instructions that, when executed, cause a processor of the electronic device to
perform the method according to any one of claims 27 to 37.
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