
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/051379 Al
7 April 2016 (07.04.20 16) W P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/024 (2006.01) A61B 5/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61B 5/11 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/IB2015/057532 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

1 October 2015 (01 .10.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

62/058,130 1 October 2014 (01. 10.2014) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(71) Applicant: KONINKLIJKE PHILIPS N.V. [NL/NL]; TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
High Tech Campus 5, NL-5656 AE Eindhoven (NL). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,(72) Inventors: RUIJS, Louisa Simone; c/o High Tech Cam
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,pus, Building 5, NL-5656 AE Eindhoven (NL).
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

SCHUIJERS, Erik Gosuinus Petrus; c/o High Tech
GW, KM, ML, MR, NE, SN, TD, TG).Campus, Building 5, NL-5656 AE Eindhoven (NL). SAR¬

TOR, Francesco; c/o High Tech Campus, Building 5, NL- Declarations under Rule 4.17 :
5656 AE Eindhoven (NL). LEMMENS, Paul Marcel — as to applicant's entitlement to apply for and be granted a
Carl; c/o High Tech Campus, Building 5, NL-5656 AE patent (Rule 4.1 7(H))
Eindhoven (NL).

Published:
(74) Agents: STEFFEN, Thomas et al; High Tech Campus

Building 5, NL-5656 AE Eindhoven (NL). — with international search report (Art. 21(3))

(54) Title: USER STATE CLASSIFICATION

120

© FIG . 1
v

(57) Abstract: Methods and apparatus for determining when a user is in a sedentary state. By analyzing information related to a
o user's vital sign(s) and the user's movement, embodiments of the present invention can more accurately classify a user's activity (e.g.,

detect when the user is in a sedentary or a non-sedentary state). This information may be used to trigger a variety of actions, includ -
ing communications to medical personnel or communications directly to the user so the user may be incited to perform a physical
activity.



USER STATE CLASSIFICATION

TECHNICAL FIELD

[001] This invention generally relates to methods and devices for classifying a user's state

and, in particular, classifying a user's state by analyzing the user's vital sign information in

conjunction with the user's movement.

BACKGROUND

[002] A sedentary state is an ubiquitous part of present day lifestyles. Many people perform

activities that typically require very low energy in a sitting or prone position. These activities

may include reading, watching television, driving a vehicle, and doing office work.

[003] While moderate to vigorous intensity exercise provides numerous health benefits,

recent studies suggest that simply interrupting sedentary periods with activity provides benefits

related to metabolic risk variables. In other words, the interruptions of sedentary periods with

physical activity may lead to benefits in addition to the benefits associated with the activity itself.

This may be true regardless of the intensity of the activity, the duration of the activity, and the

duration of the sedentary state.

[004] Wearable technologies have become an increasingly common way to monitor one's

health. However, these devices are mainly used to monitor the wearer when engaged in

moderate to vigorous intensity exercise and may also provide inaccurate feedback. For example,

these types of devices may confuse wrist movements with exercise, even though the wearer may

only be performing office work.

[005] Accordingly, there is a need for devices and methods that effectively distinguish

between a user being in a sedentary or a non-sedentary state.

SUMMARY

[006] This summary is provided to introduce a selection of concepts in a simplified form

that are further described below in the Detailed Description section. This summary is not



intended to identify key features or essential features of the claimed subject matter, nor is it

intended to be used as an aid in determining the scope of the claimed subject matter.

[007] Embodiments of the present invention relate to methods and apparatus for

determining when the user is in a sedentary state. Making such determinations using, e.g.,

motion alone is difficult, as a wrist-worn accelerometer may make it seem that a user is active

when they may just be performing desk work. Accordingly, embodiments of the present

invention address this deficiency considering a source of vital sign information in tandem with

motion data. By analyzing information related to a user's vital sign(s) and the user's movement,

the apparatus can more accurately determine when a user is active or in a sedentary state. This

information may be communicated to medical personnel, or directly to the user so the user may

be aware of their sedentary state and be incited to perform a physical activity.

[008] In one aspect, embodiments of the present invention relate to an apparatus for

classifying user state having a source of user vital sign information, a source of user movement

information, and a detection module that is configured to analyze the vital sign information in

conjunction with the user movement information to determine whether the user is in a sedentary

state.

[009] In some embodiments of the apparatus, the vital sign information is the user's heart

rate. In some embodiments, the vital sign information includes the mean (average) heart rate of

the user. In some embodiments, the vital sign information includes the difference between the

mean heart rate of the user and the resting heart rate of the user. In some embodiments, the vital

sign information includes an estimate of the resting heart rate of the user based on the user's

heart rate.

[0010] In some embodiments, the source of the user vital sign information includes a PPG

sensor. In some embodiments, the source of user movement information includes an

accelerometer that is operably connected to at least one portion of the user. In some

embodiments, the user vital sign information is one or more of the user's heart rate, respiratory

rate, etc.

[0011] In some embodiments, the apparatus further includes an alert device in operable

communication with the detection module for issuing an alert that the user is in a sedentary state.



This alert may be issued when the user is in the sedentary state for a predetermined period of

time, for example.

[0012] In some embodiments, the source of vital sign information includes a vital sign

feature estimator for processing the vital sign information before analysis by the detection

module. In some embodiments, the source of user movement information may include an

activity feature estimator for processing the movement information before analysis by the

detection module.

[0013] In another aspect, embodiments of the present invention relate to a method of

classifying a state of a user. The method includes obtaining information that is generally related

to at least one vital sign of the user, obtaining information that is generally related to movement

of at least one portion of the user, analyzing the vital sign information in conjunction with the

user movement information to determine whether the user is in a sedentary state, and issuing an

alert when it is determined that the user is in a sedentary state.

[0014] In some embodiments, the vital sign information is the user's heart rate. In some

embodiments, the vital sign information includes the mean (average) heart rate of the user. In

some embodiments, the vital sign information includes the difference between the mean heart

rate of the user and a resting heart rate of the user. In some embodiments, the vital sign

information includes an estimate of a resting heart rate of the user based on the user's heart rate.

[0015] In some embodiments, the vital sign information is obtained from a PPG sensor. In

some embodiments, the user movement information is obtained from an accelerometer operably

connected to at least one portion of the user. In some embodiments, the vital sign information is

one or more of the user's heart rate, respiratory rate, body temperature, and blood pressure.

[0016] In yet another aspect, embodiments of the present invention relate to an apparatus for

classifying an activity of a user having a first device for obtaining information that is generally

related to the user's heart rate, a heart rate feature estimator for estimating at least one heart rate

feature based on the heart rate information, a second device for obtaining information that is

generally related to movement of at least one portion of the user, an activity feature estimator for

estimating at least one activity feature based on the movement information, and a sedentary state

detection module to analyze the heart rate feature in conjunction with the activity feature to

determine whether the user is in a sedentary state.



[0017] These and other features and advantages, which characterize the present non-limiting

embodiments, will be apparent from a reading of the following detailed description and a review

of the associated drawings. It is to be understood that both the foregoing general description and

the following detailed description are explanatory only and are not restrictive of the non-limiting

embodiments as claimed.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The invention and embodiments thereof will be better understood when the following

detailed description is read in conjunction with the accompanying drawing figures:

[0019] FIG. 1 generally illustrates movement data and heart rate data of a user in accordance

with one embodiment of the invention;

[0020] FIG. 2 generally illustrates a user wearing a vital sign sensor device and acceleration

sensor devices in accordance with one embodiment of the invention;

[0021] FIG. 3 schematically illustrates a block diagram of an apparatus in accordance with

one embodiment of the invention;

[0022] FIG. 4 schematically illustrates an embodiment of the apparatus and a user in

accordance with one embodiment of the invention; and

[0023] FIG. 5 generally illustrates a flow chart of a method of classifying the activity of a

user in accordance with one embodiment of the invention.

[0024] In the drawings, like reference characters generally refer to corresponding parts

throughout the different views. Elements are not necessarily drawn to scale, emphasis instead

being placed on the principles and concepts of operation.

DETAILED DESCRIPTION

[0025] Various embodiments are described more fully below with reference to the

accompanying drawings, which form a part hereof, and which show specific exemplary

embodiments. However, the concepts of the present disclosure may be implemented in many

different forms and should not be construed as limited to the embodiments set forth herein;

rather, these embodiments are provided as part of a thorough and complete disclosure, to fully



convey the scope of the concepts, techniques and implementations of the present disclosure to

those skilled in the art. Embodiments may be practiced as methods, systems or devices.

Accordingly, embodiments may take the form of a hardware implementation, an entirely

software implementation or an implementation combining software and hardware aspects. The

following detailed description is, therefore, not to be taken in a limiting sense.

[0026] Reference in the specification to "one embodiment" or to "an embodiment" means

that a particular feature, structure, or characteristic described in connection with the

embodiments is included in at least one example implementation or technique in accordance with

the present disclosure. The appearances of the phrase "in one embodiment" in various places in

the specification are not necessarily all referring to the same embodiment.

[0027] Some portions of the description that follow are presented in terms of symbolic

representations of operations on non-transient signals stored within a computer memory. These

descriptions and representations are used by those skilled in the data processing arts to most

effectively convey the substance of their work to others skilled in the art. Such operations

typically require physical manipulations of physical quantities. Usually, though not necessarily,

these quantities take the form of electrical, magnetic or optical signals capable of being stored,

transferred, combined, compared and otherwise manipulated. It is convenient at times,

principally for reasons of common usage, to refer to these signals as bits, values, elements,

symbols, characters, terms, numbers, or the like. Furthermore, it is also convenient at times, to

refer to certain arrangements of steps requiring physical manipulations of physical quantities as

modules or code devices, without loss of generality.

[0028] However, all of these and similar terms are to be associated with the appropriate

physical quantities and are merely convenient labels applied to these quantities. Unless

specifically stated otherwise as apparent from the following discussion, it is appreciated that

throughout the description, discussions utilizing terms such as "processing" or "computing" or

"calculating" or "determining" or "displaying" or the like, refer to the action and processes of a

computer system, or similar electronic computing device, that manipulates and transforms data

represented as physical (electronic) quantities within the computer system memories or registers

or other such information storage, transmission or display devices. Portions of the present

disclosure include processes and instructions that may be embodied in software, firmware or



hardware, and when embodied in software, may be downloaded to reside on and be operated

from different platforms used by a variety of operating systems.

[0029] The present disclosure also relates to an apparatus for performing the operations

herein. This apparatus may be specially constructed for the required purposes, or it may

comprise a general-purpose computer selectively activated or reconfigured by a computer

program stored in the computer. Such a computer program may be stored in a computer readable

storage medium, such as, but is not limited to, any type of disk including floppy disks, optical

disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs), random access

memories (RAMs), EPROMs, EEPROMs, magnetic or optical cards, application specific

integrated circuits (ASICs), or any type of media suitable for storing electronic instructions, and

each may be coupled to a computer system bus. Furthermore, the computers referred to in the

specification may include a single processor or may be architectures employing multiple

processor designs for increased computing capability.

[0030] The processes and displays presented herein are not inherently related to any

particular computer or other apparatus. Various general-purpose systems may also be used with

programs in accordance with the teachings herein, or it may prove convenient to construct more

specialized apparatus to perform one or more method steps. The structure for a variety of these

systems is discussed in the description below. In addition, any particular programming language

that is sufficient for achieving the techniques and implementations of the present disclosure may

be used. A variety of programming languages may be used to implement the present disclosure

as discussed herein.

[0031] In addition, the language used in the specification has been principally selected for

readability and instructional purposes and may not have been selected to delineate or

circumscribe the disclosed subject matter. Accordingly, the present disclosure is intended to be

illustrative, and not limiting, of the scope of the concepts discussed herein.

[0032] FIG. 1 generally shows graphical illustrations of a user's movement information 110

and the user's heart rate information 120 in accordance with one embodiment of the invention.

The movement information may be obtained from one or more accelerometers placed on at least

one portion of the user's body (e.g., the user's wrist(s)). The user's heart rate information is in



beats per minute (bpm) and may be obtained from a heart rate sensor device such as a

photoplethysmogram (PPG) sensor or an electrocardiogram (ECG) sensor.

[0033] The graphical illustrations 110 and 120 show information regarding the user's

acceleration and heart rate in substantially real time over the same time period. As indicated on

both illustrations 110 and 120, the user starts in a non-sedentary state, for example, sprinting, at

roughly the 525 second mark (indicated by the "activity start" label). The performance of this

activity is accompanied by a larger amount of acceleration and deceleration (as shown in

illustration 110) and an increase in the user's heart rate (as shown in illustration 120).

[0034] Based on the illustrations 110 and 120, the user performs this activity for roughly 50

seconds. When the user stops performing this activity (indicated by the "activity stop" label), the

amount of acceleration and the user's heart rate decrease to pre-activity levels. That is,

substantially no acceleration and a decrease in heart rate to levels that suggest the user is in a

sedentary state.

[0035] By analyzing the heart rate information in conjunction with the movement

information, embodiments of the present invention can more accurately determine when the user

is in a sedentary state (or a non-sedentary state). If, on the other hand, only acceleration

information was considered, it may appear the user is in a non-sedentary state when the user may

simply be traveling in an automobile, for example. Alternatively, if only heart rate information

was considered, it may appear the user is in a non-sedentary state when the user may simply be

experiencing stress at work, having an argument, or watching a suspenseful movie (all typically

sedentary activities).

[0036] FIG. 2 generally illustrates a user 200 wearing sensor devices in accordance with one

embodiment of the invention. The user 200 is wearing accelerometers 202 on his wrists, as well

as a heart rate sensor 204 on his chest. The positions of the accelerometers 202 on the user 200

may of course vary as long as the accelerometers 202 can accurately obtain information

regarding the user's movement. The position of the heart rate sensor 204 may vary as long as the

heart rate sensor 204 can accurately obtain information regarding the user's heart rate. In other

embodiments, the accelerometer(s) 202, the heart rate sensor 204, and the related computing

hardware performing user state classification are all contained in a single device, such as a wrist-

worn monitor.



[0037] FIG. 3 schematically illustrates an apparatus 300 in accordance with one embodiment

of the invention. The apparatus 300 includes a source of vital sign information 310, a source of

movement information 312, and a detection module 314. The detection module 314 may also be

configured to issue an alert regarding the user's activity to the user and/or medical personnel

and/or other parties, as discussed below.

[0038] The source of vital sign information 310 may include one or more vital sign sensors

316 and a vital sign feature estimator 318. The vital sign sensors 316 may include not only heart

rate sensors, but also sensors to obtain information related to the user's respiratory rate, body

temperature, blood pressure, and other physiological measures. Like heart rate, these vital signs

may elevate when the user in a non-sedentary state and then decrease when the user is in a

sedentary state.

[0039] The raw data obtained by the vital sign sensor(s) 3 16 may be communicated to the

vital sign feature estimator 318. The vital sign feature estimator 318 may derive at least one vital

sign feature based on the raw data regarding the vital sign(s). For example, the vital sign feature

estimator 318 may calculate various derivatives of the measured physiological data, including

but not limited to simple averages (i.e., a mean(s)), weighted averages, standard deviations, etc.

In some embodiments, the feature estimator 318 may be implemented as a single pole filter, a

multipole filter, a Kalman filter, etc.

[0040] Similarly, the vital sign feature estimator 318 may take into account resting or

baseline values for the various vital signs measured. A user may, for example, input their resting

heart rate into the apparatus (e.g., via a mobile device such as a smartphone or the like) and the

vital sign feature estimator may take this value into account when estimating the vital sign

feature. The apparatus may then subtract the user's resting heart rate from the user's mean heart

rate over a certain period of time to more estimate the vital sign feature. The vital sign feature

estimator 318 may also estimate the user's resting heart rate based on, e.g., the information

obtained by the vital sign sensors 316 during a sedentary period to more accurately estimate the

vital sign feature.

[0041] The source of movement information 312 may include one or more movement

sensors 320 and an activity feature estimator 322. The movement sensors 320 may be

accelerometers positioned on various portions of the user's body. For example, there may be an



accelerometer positioned on each of the user's wrists (as illustrated in Fig. 2) as well as on the

user's legs. The positions of the movement sensor(s) 320 may of course vary as long as they can

obtain accurate information regarding the user's movement. Other suitable movement sensors

include, but are not limited to magnetometers, gyroscopes, a combination of movement sensors,

etc.

[0042] The raw data obtained by the movement sensor(s) 320 may be communicated to the

activity feature estimator 322. The activity feature estimator 322 may derive at least one activity

feature based on the raw data regarding the user's movement. For example, the activity feature

estimator 322 may calculate various derivatives of the measured movement data, including but

not limited to simple averages (i.e., a mean(s)), weighted averages, standard deviations, etc. In

some embodiments, the activity feature estimator 322 may be implemented as a single pole filter,

a multipole filter, a Kalman filter, etc.

[0043] One example activity feature can be the unbiased power of the accelerometer

captured over an interval of time. Assume a three dimensional accelerometer signal described by

the three axes x[n], y[n] and z[n], where n indicates the sample index, sampled at a certain

sampling frequency fs, e.g., fs = 100Hz. Then, a measure of the amount of activity for each

second of data, indicated by index k, may be calculated as:

For a wrist-worn source of motion data, the disadvantage of this metric is that it will also provide

relatively high values when a person is moving his/her wrist, whereas he/she may still be

sedentary, e.g. during desk work. Therefore, using this type of metric alone, it can be difficult to

distinguish whether a user is sedentary.



[0044] The vital sign information and the activity information may be communicated to the

detection module 314. The detection module 314 may analyze the vital sign information in

conjunction with the activity information to classify the user's activity (e.g., to determine if the

user is in a sedentary state or a non-sedentary state).

[0045] In its simplest form, the detection module 314 may apply thresholds to the activity

and vital sign information to classify the user's activity. For example, if the user's mean heart

rate was above a certain rate for a certain time period and the user's average movement was

above a certain rate for the same time period, the detection module 314 may determine the user is

in a non-sedentary state. If we assume the accelerometer signals x[n], y[n] and z[n] per Eq. 1 are

normalized in such a way that the norm of the accelerometer corresponds to 1 g (i.e., the

gravitational constant), then a suitable threshold for the activity metric of Eq. 1 when measured

on the wrist is 1e-3 . A suitable threshold for the mean heart rate may be 85 bpm.

[0046] On the other hand, if only the user's activity information was above a certain value

for a period of time (but the user's vital sign information was not), the detection module 314 may

determine the user is in a sedentary state. Similarly, if both the vital sign information and the

activity information are below a certain level the detection module 314 may determine the user is

in a sedentary state.

[0047] If the detection module 314 determines the user is in a sedentary state (e.g., both the

vital sign features and activity feature are below a threshold for a certain period of time), the

detection module 314 may issue an alert. Typically a sedentary bout on the order of 15 to 60

minutes may be used for triggering an alert in line with recent health recommendations. In

addition, if multiple sedentary bouts are detected, the threshold value for an alert may be

reduced. For example, if the initial threshold for a single sedentary bout was set to 60 minutes,

after a first alert the alert threshold for subsequent bouts may be reduced to, e.g., 45 minutes or

less. This alert may be issued to the user himself and suggest him to perform a physical activity

(such as going for a quick walk or run). Additionally or alternatively, the alert may be issued to

medical personnel who are monitoring the user's activity for various health reasons.

[0048] The detection module 314 may also directly or indirectly take additional follow up

actions in response to a determination that the user is in a sedentary or non-sedentary state. Such

actions include the transmission of a message, the creation of a calendar entry for performing



physical activity, a command to put a computer, television or electronic device into a standby or

powered down mode, etc.

[0049] Fig. 4 generally illustrates a user 400 using the apparatus in accordance with one

embodiment of the invention. The source of vital sign information 410 and the source of

movement information 420 are in operable communication with the user 400 to obtain vital sign

and movement information, respectively.

[0050] The source of vital sign information 410 and the source of movement information 420

are in operable communication with the detection module 430. In various embodiments, the

detection module 430 may be an app executing on a smartphone, a dedicated desktop or server

computer, a cloud-based computer or the like at a location remote from the user, etc. In other

embodiments, the sources of vital sign information 410 and movement information 420 as well

as the detection module 430 may be contained in a single device, such as a wrist-worn monitor.

[0051] Embodiments combining sources of vital sign information 410 and movement

information 420 in the same device have the advantage of eliminating communications between

disparate devices. One such embodiment would be a wrist-worn device using PPG technology

for heart rate information and accelerometers for motion estimation. Another such embodiment

would be a chest-worn patch incorporating, e.g., an ECG sensor and an accelerometer.

[0052] Embodiments utilizing PPG sensors may utilize an intermittent sampling strategy to

reduce battery drain. Estimating the user's state on, e.g., a minute-by-minute basis may provide

sufficient resolution and still require vital sign information with a relatively low data rate. Since

heart rate itself does not change that quickly, intermittently sampling the PPG sensor, e.g., for 10

seconds of every minute, after which it would be switched off for another 50 seconds, should

supply sufficient information to estimate heart rate information.

[0053] In various embodiments, the duration of the intermittent sampling period could be

reduced or increased in response to the user's measured motion. For example, the PPG sensor

could be activated for additional measurements if, e.g., motion sensors indicated that the user

was not moving. Similarly, the sampling period could be reduced at high motion levels and

increased at low motion levels.



[0054] The detection module 430 may analyze the vital sign information and the movement

information to determine which type of activity the user 400 is performing as discussed above.

If, as discussed above, the detection module 430 determines the user has been in a sedentary state

for a certain period of time such that the user's metabolic factors are at risk, the detection module

430 may issue an alert or take other action.

[0055] An alert may be issued to the user's mobile device 440, for example. The mobile

device 440 may be a fitness tracker, smartphone, laptop or desktop computer, tablet or the like

and configured to provide an audio alert, a written alert, and/or a haptic-based alert. The user

400 may interpret this alert as an instruction to perform a physical activity.

[0056] It is also contemplated that all necessary processing and analysis may be done on the

user's mobile device 440. That is, all necessary computations (e.g., estimating the vital sign

feature(s), estimating the activity feature(s), determining whether the user is in a sedentary state

from information, features, etc.) may be performed on the user's mobile device 440 rather than at

a remote location.

[0057] The detection module 430 may additionally or alternatively be configured to issue an

alert to medical personnel such as those working at a healthcare institution 450. These medical

personnel may simply be monitoring the user's health and may be interested in knowing if and

when the user is in non-sedentary and sedentary states.

[0058] FIG. 5 illustrates a flowchart of a method 500 of classifying a user's activity in accord

with the present invention. In step 502, information regarding the user's vital signs is obtained.

This information may be first gathered by vital sign sensors operably positioned with respect to

the user's body. This information may be processed to estimate at least one vital sign feature as

discussed above.

[0059] In step 504, information regarding the user's movement is obtained. This information

may be gathered by movement sensor(s) operably positioned on at least one portion of the user's

body. This information may then be processed to estimate at least one activity feature as

discussed previously. Steps 502 and 504 may be performed simultaneously, contemporaneously,

sequentially, etc.



[0060] In step 506, the vital sign information, for example, the vital sign feature(s), is

analyzed in conjunction with the acceleration information, for example, the activity feature(s) to

more accurately classify the user's activity. In one embodiment, a classifier such as a naive

Bayes classifier is used, which identifies a user's state as sedentary or non-sedentary based on

probabilities. Both vital sign feature(s), e.g., heart rate, and activity feature(s), e.g., a movement-

related metric, individually return probabilities as to whether the subject is sedentary or not.

These individual probabilities can be combined into a single probability as to whether the subject

is sedentary or not. If the probability that the subject is sedentary is higher than the probability

that the subject is not sedentary, then the current epoch of data may be classified as associated

with a sedentary state and vice versa.

[0061] In step 508, an action may be taken if it is determined that the user is in a sedentary

state. An alert may be issued if, for example, it is determined that the user has been in a

sedentary state for a certain period of time. The alert may be communicated directly to the user

or to anyone else such as medical personnel. Other actions include the transmission of a

message, the creation of a calendar entry for performing physical activity, a command to put a

computer, television or electronic device into a standby or powered down mode, etc.

[0062] After the action is taken, the user may be more inclined to perform a physical activity.

As stated previously, increasing the number of interruptions of sedentary time with activities may

lead to health benefits, such as those associated with metabolic risk factors.

[0063] Various modifications of the exemplary embodiments described above will be

apparent to those skilled in the art. For example other types of sensors may be used to gather

information regarding the user's vital signs, movement, and acceleration. Similarly, the

thresholds for determining whether the user is in a sedentary state may vary, as well as the

features used to make that determination.

[0064] In the claims, the use of the verb "comprise" and its conjugations does not exclude

the presence of elements or steps other than those stated in a claim. The article "a" or "an"

preceding an element does not exclude the presence of a plurality of such elements.

[0065] The methods, systems, and devices discussed above are examples. Various

configurations may omit, substitute, or add various procedures or components as appropriate.

For instance, in alternative configurations, the methods may be performed in an order different



from that described, and that various steps may be added, omitted, combined, or performed

contemporaneously. Also, features described with respect to certain configurations may be

combined in various other configurations. Different aspects and elements of the configurations

may be combined in a similar manner. Also, technology evolves and, thus, many of the elements

are examples and do not limit the scope of the disclosure or claims.

[0066] Embodiments of the present disclosure, for example, are described above with

reference to block diagrams and/or operational illustrations of methods, systems, and computer

program products according to embodiments of the present disclosure. The functions/acts noted

in the blocks may occur out of the order as shown in any flowchart. For example, two blocks

shown in succession may in fact be executed substantially concurrent or the blocks may

sometimes be executed in the reverse order, depending upon the functionality/acts involved.

Additionally, or alternatively, not all of the blocks shown in any flowchart need to be performed

and/or executed. For example, if a given flowchart has five blocks containing functions/acts, it

may be the case that only three of the five blocks are performed and/or executed. In this

example, any of the three of the five blocks may be performed and/or executed.

[0067] A statement that a value exceeds (or is more than) a first threshold value is equivalent

to a statement that the value meets or exceeds a second threshold value that is slightly greater

than the first threshold value, e.g., the second threshold value being one value higher than the

first threshold value in the resolution of a relevant system. A statement that a value is less than

(or is within) a first threshold value is equivalent to a statement that the value is less than or

equal to a second threshold value that is slightly lower than the first threshold value, e.g., the

second threshold value being one value lower than the first threshold value in the resolution of

the relevant system.

[0068] Specific details are given in the description to provide a thorough understanding of

example configurations (including implementations). However, configurations may be practiced

without these specific details. For example, well-known circuits, processes, algorithms,

structures, and techniques have been shown without unnecessary detail in order to avoid

obscuring the configurations. This description provides example configurations only, and does

not limit the scope, applicability, or configurations of the claims. Rather, the preceding

description of the configurations will provide those skilled in the art with an enabling description



for implementing described techniques. Various changes may be made in the function and

arrangement of elements without departing from the spirit or scope of the disclosure.

[0069] Having described several example configurations, various modifications, alternative

constructions, and equivalents may be used without departing from the spirit of the disclosure.

For example, the above elements may be components of a larger system, wherein other rules

may take precedence over or otherwise modify the application of various implementations or

techniques of the present disclosure. Also, a number of steps may be undertaken before, during,

or after the above elements are considered.

[0070] Having been provided with the description and illustration of the present application,

one skilled in the art may envision variations, modifications, and alternate embodiments falling

within the general inventive concept discussed in this application that do not depart from the

scope of the following claims.



CLAIMS

What is claimed is:

1. An apparatus for classifying user state, the apparatus comprising:

a source of user vital sign information;

a source of user movement information; and

a detection module that is configured to analyze the vital sign information in conjunction

with the user movement information to determine whether the user is in a sedentary state.

2 . The apparatus of claim 1, wherein the vital sign information is the user's heart rate.

3 . The apparatus of claim 2, wherein the vital sign information includes a mean heart rate of

the user.

4 . The apparatus of claim 2, wherein the vital sign information includes the difference

between a mean heart rate of the user and a resting heart rate of the user.

5 . The apparatus of claim 2, wherein the vital sign information includes an estimate of a

resting heart rate of the user based on the user's heart rate.

6 . The apparatus of claim 2, wherein the source of user vital sign information includes a

PPG sensor.

7 . The apparatus of claim 1, wherein the source of user movement information includes an

accelerometer that is operably connected to at least one portion of the user.

8 . The apparatus of claim 1, wherein the user vital sign information is one or more of heart

rate, respiratory rate, body temperature, and blood pressure.

9 . The apparatus of claim 1, further comprising an alert device in operable communication

with the sedentary state detection module for communicating an alert that the user is in a

sedentary state.

10. The apparatus of claim 9, wherein the alert device communicates the alert when the user

is in the sedentary state for a predetermined period of time.



11. The apparatus of claim 1, wherein the source of vital sign information includes a vital

sign feature estimator for processing the vital sign information and the source of user movement

information includes an activity feature estimator for processing the movement information

before analysis by the detection module.

12. A method of classifying an activity of a user, the method comprising:

obtaining information that is generally related to at least one vital sign of the user;

obtaining information that is generally related to acceleration of at least one portion of the

user;

analyzing the vital sign information in conjunction with the user movement information

to determine whether the user is in a sedentary state; and

issuing an alert when it is determined that the user is in a sedentary state.

13. The method of claim 12, wherein the vital sign information is the user's heart rate.

14. The method of claim 13, wherein the vital sign information includes a mean heart rate of

the user.

15. The method of claim 13, wherein the vital sign information includes the difference

between a mean heart rate of the user and a resting heart rate of the user.

16. The method of claim 13, wherein the vital sign information includes an estimate of a

resting heart rate of the user based on the user's heart rate.

17. The method of claim 13, wherein the vital sign information is obtained from a PPG

sensor.

18. The method of claim 12, wherein the user movement information is obtained from an

accelerometer operably connected to the at least one portion of the user.

19. The method of claim 12, wherein the user vital sign information is one or more of heart

rate, respiratory rate, body temperature, and blood pressure.

20. An apparatus for classifying an activity of a user, the apparatus comprising:

a first device for obtaining information that is generally related to the user's heart rate;



a heart rate feature estimator in operable communication with the first device for

estimating at least one heart rate feature based on the information that is generally related to the

user's heart rate;

a second device for obtaining information that is generally related to movement of at least

one portion of the user;

an activity feature estimator in operable communication with the second device for

estimating at least one activity feature based on the information that is generally related to the

movement of the at least one portion of the user; and

a sedentary state detection module that is configured to analyze the at least one heart rate

feature in conjunction with the at least one activity feature to determine whether the user is in a

sedentary state.
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