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ABSTRACT

A device for recognizing activity of an object. The device comprises a housing 

configured to be attached to the object and a processing unit disposed in the housing 

comprising a processor and a movement sensor. The movement sensor measures a signal 

related to movement of the object during a time window. The processor assigns at least one 

preliminary activity label to the time window based on at least one numerical descriptor 

computed from the signal. The processor then determines whether to perform additional 

analysis dependent upon at least the preliminary activity label. The processor then assigns a 

final activity label to the time window.
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ACTIVITY RECOGNITION USING ACCELEROMETER DATA

Technical Field
[0001] The present invention relates to the field of recognizing or classifying movement. 

More specifically, it relates to the field of recognizing an activity of a body, person or 

object using data from a movement sensor in an activity recognition device attached to the 

individual.

Background

[0002] Human, body or object activity recognition or classification has been attempted 

with a variety of technologies ranging from cameras, microphones, inertial sensors, and 

combinations of these devices utilizing various algorithms. Of these solutions, inertial 

sensors, tilt sensors and other motion sensors can provide a relatively simple way of 

gathering data related to a human’s, body’s or object’s motion. These sensors are 

particularly attractive because they do not require use of a static device observing 

movement of an individual and because they can be conveniently carried or attached to an 

individual.

[0003] Even in light of the general advantages provided by inertial, tilt and other sensors, 

recognizing and classifying movement based on data from inertial or other motion sensors 

still presents a variety of challenges. For example, some inertial sensors have no notion of 

a frame of reference and any measurements made by such inertial sensors arc also relative 

to the physical disposition of the sensor performing the measurement. Additionally, 

inertial sensors often have arbitrary offset and scale factors which affect the usability of 

output from the sensor.

[0004] An improved way to use movement or inertial sensors in recognizing and 

classifying movement would be welcomed.
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Summary
[0005] The present invention provides an improved device and methods for recognizing 

activity of an object, body, or person. Objects include both animate and inanimate forms. A 

body includes animate creatures, such as animals or humans, and a person includes only 

humans. Using data from a movement sensor, it provides an activity recognition solution 

with the ability to process data in a resource-constrained environment. Further, the present 

invention increases accuracy in activity recognition by providing additional analysis based on 

a variety of factors. The additional analysis can be run on a second or external processor and 

the results of such analysis can be transmitted to the activity recognition device. Further, in 

contexts where location monitoring systems, such as those relying on Global Positioning 

Systems (GPS), are used, the present invention can provide a secondary monitoring method 

for classifying activities that can verify or trigger alerts or alarms based on the person’s 

recognized activity and/or spatial location.

[0006] In one instance, the present invention relates to a device for recognizing activity of an 

object. The device comprises a housing configured to be attached to the object and a 

processing unit disposed in the housing comprising a processor and a movement sensor. The 

movement sensor measures a signal related to movement of the object during a time window. 

The processor assigns at least one preliminary activity label to the time window based on at 

least one numerical descriptor computed from the measured signal. The processor then, in 

response to a determination to perform additional analysis dependent upon at least the 

preliminary activity label, assigns a final activity label to the time window based on the 

preliminary activity label for the time window and at least one final activity label for at least 

one prior time window.

[0007] In another instance, the present invention includes a device for recognizing activity of 

an object. The device comprises a housing configured to be attached to the object and a 

processing unit disposed in the housing comprising a processor and a movement sensor. The 

movement sensor measures a signal related to movement of the object during a time window. 

The processor assigns at least one preliminary activity label and confidence indicator to the 

time window based on at least one numerical descriptor computed from the measured signal. 

The processor then determines whether to perform additional analysis dependent upon at least 

the confidence indicator; and the processor assigns a final activity label to the time window
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based on the preliminary activity label for the time window and at least one final activity label

for at least one prior time window.

[0008] In another instance, the present invention includes a method of recognizing activity of 

an object. The method comprises measuring, with a movement sensor attached to the object, 

a signal related to movement of the object during a time window. The method further 

comprises assigning, with a processor, at least one preliminary activity label to the time 

window based on at least one numerical descriptor computed from the measured signal. The 

method then includes determining whether to perform additional analysis dependent upon at 

least the preliminary activity label; and assigning a final activity label to the time window 

based on the at least one preliminary activity label for the time window and at least one final 

activity label for at least one prior time window.

[0009] In yet another instance, the present invention includes a method of recognizing 

activity of an object. The method comprises measuring, with a movement sensor attached to 

the object, a signal related to movement of the object during a time window. The method 

further includes assigning, with a processor, at least one preliminary activity label to the time 

window based on at least one numerical descriptor computed from the signal. The method 

then includes determining whether to perform additional analysis dependent upon at least the 

preliminary activity label, and assigning a final activity label to the time window based on the 

preliminary activity label for the time window and at least one final activity label for at least 

one prior time window.

[0010] In another instance, the present invention includes a device for recognizing activity of 

an object, the device comprising a housing configured to be attached to the object and a 

processing unit disposed in the housing comprising a communication unit and a movement 

sensor. The movement sensor measures a signal related to movement of the object during a 

time window, and the communication unit communicates the signal to an exterior processor. 

The exterior processor assigns at least one preliminary activity label to the time window based 

on at least one numerical descriptor computed from the measured signal. The exterior 

processor determines whether to perform additional analysis dependent upon at least the 

preliminary activity label; and the exterior processor assigns a final activity label to the time 

window based on the at least one preliminary activity label for the time window and at least 

one final activity label for at least one prior time window.
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[0011] In another configuration, the present invention includes a device for recognizing 

activity of an object, the device comprising a housing configured to be attached to the object 

and a processing unit disposed in the housing comprising a communication unit and a 

movement sensor. The movement sensor measures a signal related to movement of the object 

during a time window and the communication unit communicates the signal to an exterior 

processor. The exterior processor assigns at least one preliminary activity label and 

confidence indicator to the time window based on at least one numerical descriptor computed 

from the measured signal. The exterior processor determines whether to perform additional 

analysis dependent upon at least the confidence indicator, and the exterior processor assigns a 

final activity label to the time window based on the at least one preliminary activity label for 

the time window and at least one final activity label for at least one prior time window.

[0011 A] In another instance, the present invention includes a device for recognizing activity 

of an object, the device comprising a housing configured to be attached to the object and a 

processing unit disposed in the housing comprising a processor and a movement sensor. The 

movement sensor measures a signal related to movement of the object during a time window. 

The processor assigns a plurality of preliminary activity labels to the time window based on at 

least one numerical descriptor computed from the measured signal. The processor is 

configured to associate a confidence indicator to each preliminary activity label based on the 

at least one numerical descriptor. The processor is configured to determine that additional 

analysis of the time window is required in the event that the confidence indicators are within a 

predefined margin of each other. In response to the processor determining that additional 

analysis of the time window is required, at least one of the processor or an exterior processor 

is configured to perform additional analysis and assign a final activity label to the time 

window based on results of the additional analysis. If the processor determines that no 

additional analysis is required, the processor is configured to assign a final activity label to 

the time window that is the same as the preliminary activity label.

[0011B] In another instance, the present invention includes a method of recognizing activity 

of an object. The method comprises measuring, with a movement sensor attached to the 

object, a signal related to movement of the object during a time window. The method further 

comprises assigning, with a processor, a plurality of preliminary activity labels to the time 

window based on at least one numerical descriptor computed from the measured signal. The 

method further comprises associating, with the processor, a confidence indicator to each 
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preliminary activity label based on the at least one numerical descriptor. The method further 

comprises determining, with the processor, that additional analysis of the time window is 

required in the event that the confidence indicators for each preliminary activity label of the 

time window are within a predefined margin. In response to the processor determining that 

additional analysis of the time window is required, at least one of the processor or an exterior 

processor is configured to perform additional analysis and assign a final activity label to the 

time window based on results of the additional analysis. If the processor determines that no 

additional analysis is required, the processor is configured to assign a final activity label to 

the time window that is the same as the preliminary activity label.

[0011C] In another instance, the present invention includes a system of recognizing activity 

of an object. The system includes a device in communication with an exterior processor. The 

device includes a housing configured to be attached to the object, and a processing unit 

disposed in the housing comprising a processor and a movement sensor. The movement 

sensor measures a signal related to movement of the object during a time window. The 

processor assigns a plurality of preliminary activity labels to the time window based on at 

least one numerical descriptor computed from the measured signal. The processor is 

configured to associate a confidence indicator to each preliminary activity label based on the 

at least one numerical descriptor. The processor is configured to determine that additional 

analysis of the time window is required in the event that the confidence indicators for each 

preliminary activity label of the time window are within a predefined margin. In response to 

the processor determining that additional analysis of the time window is required, at least one 

of the processor or the exterior processor is configured to: receive the signal from the device; 

and perform additional analysis in relation to the signal so that a final activity label is 

assigned to the time window based on results of the additional analysis. If the processor 

determines that no additional analysis is required, the processor is configured to assign a final 

activity label to the time window that is the same as the preliminary activity label.

[0011D] In another instance, the present invention includes a computing device. The 

computing device comprises a physical housing configured to be worn by a user, at least one 

movement sensor enclosed within the physical housing, at least one computer processor 

enclosed within the physical housing, and at least one memory enclosed within the physical 

housing. The memory comprises instructions that, when executed by the at least one computer 

processor, cause the at least one computer processor to, in response to receiving, from the 
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movement sensor, a set of movement data based on one or more signals that correspond to 

movement of the user during a time window, generate at least one numerical descriptor for the 

time window. The instructions further cause the at least one computer processor to generate, 

based at least in part on the at least one numerical descriptor for the time window, a 

confidence indicator that corresponds to a preliminary activity label, wherein the preliminary 

activity label is indicative of movement of the user during the time window. In response to 

determining that the confidence indicator corresponding to the preliminary activity label fails 

to satisfy a condition, the instructions further cause the computer processor to initiate a set of 

operations to determine a final activity label for the time window that are at least more 

computationally complex than a set of operations used to generate the at least one numerical 

descriptor for the time window and determine the preliminary activity label, wherein the final 

activity label is indicative of movement of the user during the time window. In response to 

determining that the final activity label satisfies at least one criterion, the instructions further 

cause the computer processor to generating a notification based at least in part on the final 

activity label.

[0011E] In another instance, the present invention includes a non-transitory computer- 

readable storage medium comprising instructions that, when executed by one or more 

computer processors, cause the one or more computer processors to, in response to receiving, 

from a movement sensor, a set of movement data based on one or more signals that 

correspond to movement of a user during a time window, generate at least one numerical 

descriptor for the time window. The instructions further cause the one or more computer 

processors to generate, based at least in part on the at least one numerical descriptor for the 

time window, a confidence indicator that corresponds to a preliminary activity label, wherein 

the preliminary activity label is indicative of movement of the user during the time window. 

In response to determining that the confidence indicator corresponding to the preliminary 

activity label fails to satisfy a condition, initiate a set of operations to determine a final 

activity label for the time window that are at least more computationally complex than a set of 

operations used to generate the at least one numerical descriptor for the time window and 

determine the preliminary activity label, wherein the final activity label is indicative of 

movement of the user during the time window. In response to determining that the final 

activity label satisfies at least one criterion, generating a notification based at least in part on 

the final activity label.
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Brief Description of Drawings
[0012] The following figures provide illustrations of the present invention. They are intended

to further describe and clarify the invention, but not to limit scope of the invention.

[0013] FIG. 1 is an example of an activity recognition device attached to a person.

[0014] FIG. 2 is a flow chart representing a method of detecting an activity performed by a 

person.

[0015] FIG. 3 is a block diagram of an activity recognition device and a remote processor.

[0016] FIG. 4 shows an exemplary decision tree for assigning a preliminary activity label to a 

time window.

[0017] FIG. 5 shows exemplary data from a movement sensor over multiple time windows. 

[0018] FIG. 6 shows exemplary numerical descriptors associated with the movement data 

from FIG. 5 over multiple time windows.

[0019] Like numbers are generally used to refer to like components. The drawings are not to 

scale and are for illustrative purposes only.

Detailed Description

[0020] FIG. 1 is an example of an activity recognition device 10 attached to a person's ankle 

12. Activity recognition device 10 is attached to person's ankle 12 or other limb with strap 14. 

The housing 16 for activity recognition device 10 includes or contains a variety of 

components such as a processing unit 17, including both a processor and movement sensor, 

and a communication unit 18 for communicating wirelessly with an external device. A 

processor in processing unit may also include memory for storing data received from the 

movement sensor, preliminary and final activity labels, and other information. A movement 

sensor may include at least one of a variety of sensors, including an accelerometer, gyroscope, 

piezoelectric vibration sensor, geographical
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positioning sensor and a magnetic switch. A movement sensor can be configured to 

measure a signal related to movement of the person during a time window. A processor 

may compute at least one numerical descriptor from the measured signal and assign at 

least one preliminary activity label to the time window based on the numerical descriptor. 

The processor may then determine whether to perform additional analysis dependent upon 

at least the preliminary activity label; and then the processor assigns a final activity label 

to the time window.

[0021] In another configuration, the processor may assign at least one preliminary activity 

label and confidence indicator to the time window based on at least one numerical 

descriptor computed from the measured signal. The processor may then determine 

whether to perform additional analysis dependent upon at least the confidence indicator 

and the processor then assigns a final activity label to the time window.

[0022] Activity recognition device 10 may also include other components such as a 

location unit that enables the device to receive satellite signals and determine location 

using, for example, GPS or the Global Navigation Satellite System (GLONASS). A 

location unit may use other location technologies such as triangulation using local WiFi 

signals or other known location technologies to estimate location of the activity 

recognition device 10, and thereby the location of the person wearing the device.

[0023] FIG. 2 is a flow chart representing a method of detecting an activity performed by 

a person by an activity recognition device. In step 21, the movement sensor measures the 

movement of the person to which the activity recognition device is attached. An activity 

recognition device could be attached in a variety of ways, such as by being secured by a 

strap to the person’s ankle or wrist. The activity recognition device could also be placed 

in the individual’s pocket, clipped to a belt, or connected to their body by a variety of 

arrangements. When the activity recognition device measures the movement of the 

person, the data associated with that measurement may be in a variety of forms or units, 

and will typically depend on the type of movement sensor included in the activity 

recognition device. As an example, if an accelerometer is used as a sensor, measurement 

would be quantified in meters per second per second (m/s2) or g-force (g). A gyroscope 

may quantify data as torque measured in Newton meters (N-m). The data collected to 

measure movement can be collected at any desired sample rate. In some instances the 

sample rate may be in the range of one (1) Hz to twenty (20) Hz. Sampling occurs over a
-5-
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series of time windows such that there are multiple samples taken per time window. An

exemplary time window may be in the range of 1 to 10 seconds, more specifically, in the

range of 4 to 8 seconds, and for example, an exemplary time window may last for 6

seconds.

[0024] In step 22, the activity recognition device calculates at least one numerical 

descriptor associated with the data sampled over one or more time windows. The 

numerical descriptor is a number computed based on the data sampled from a signal 

measured by the movement sensor. The numerical descriptor may be based on a single 

measured signal or on multiple measured signals. For example, when the movement 

sensor detects inertial movement along three axes, the numerical descriptor may be 

calculated based on the data associated with each of the three axes. The numerical 

descriptor may be determined for each data point related to the measured signal(s) or may 

be based on a lower sampling rate than the data from the measured signals. In some 

instances, two or more numerical descriptors may be associated with each time window.

[0025] In step 23, the activity recognition device assigns a preliminary activity label to 

each time window. In some instances, the processor may assign more than one 

preliminary activity label to a given time window. The preliminary activity label may be 

based on the use of the measured signal or the numerical descriptor. For example, the 

activity recognition device processor may use a decision tree to determine a preliminary 

activity for a given time window. Depending on the value of the data from the measured 

signal and the numerical descriptor, the confidence indicator associated with the 

assignment of a given preliminary activity label to a given time window may vary. A 

confidence indicator may be a scalar number, a probability, or some other method of 

designating confidence of the accuracy of the given preliminary activity label. In 

instances where more than one preliminary activity labels is assigned to a time window, 

each preliminary activity label may also have a confidence indicator associated with it.

[0026] Examples of preliminary activity labels include: walking, driving, sleeping, sitting, 

running, eating, and bicycling. Other preliminary activity labels may also be assigned 

depending on the importance of identifying various activities.

[0027] In step 24, the activity recognition device determines whether additional analysis 

will be performed prior to assigning a final activity label in step 26. The determination of 

whether to perform may depend on a variety of factors. In one configuration, it may be 
-6-
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dependent on the confidence indicator associated with the particular time window. For 

example, if confidence indicator is indicated as a probability, a confidence indicator below 

a predefined threshold probability may require additional analysis prior to assigning a 

final activity label. In instances where the processor assigns more than one preliminary 

activity label, with each preliminary activity label having a confidence indicator within a 

predefined margin of each other, the processor may then determine to perform additional 

analysis. In such a configuration, the processor may adjust the predefined margin over 

time.

[0028] In other configurations, the processor may determine to perform additional 

analysis when the preliminary activity label is a commonly confused preliminary activity. 

Examples of commonly confused activities may be slow moving, low energy activities 

such as sitting compared to driving or fast moving, high energy activities like running 

compared against bicycling. In other instances, the current device status may be a factor 

for determining whether to perform additional analysis. For example, if the activity 

recognition device has a “low battery” state, this factor may weigh in favor of performing 

additional analysis prior to assigning a final activity label to a time window. Additionally, 

a low battery status may be a condition for the current device to send data to an exterior or 

external processor for additional processing prior to determining a final activity label.

[0029] If the processor determines that no additional analysis should be performed, the 

activity recognition device assigns a final activity label to the time window as shown in 

step 26. However, if the processor determines that additional analysis should be 

performed, the activity recognition proceeds to step 25 to perform additional analysis.

[0030] In step 25, where the processor determines that additional analysis should be 

performed, the analysis may be performed locally on the activity recognition device by the 

processor, or may be performed remotely by an external processor, such as some type of 

central monitoring system including, but not limited, computation in a cloud environment. 

Additional analysis may include computational escalation - performing more complex or 

resource intensive computations than were performed for the purpose of determining a 

preliminary activity label. Additional analysis may include at least one of the following 

algorithm techniques: neural networks, Bayesian analysis, random forest, support vector 

machine, and multi-level decision tree.
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[0031] In step 26, the processor assigns a final activity label to the time window. In some 

instances, the processor will not have performed additional analysis and the final activity 

label will be the same as the preliminary activity label. In other instances, the processor 

may assign the final activity label to the time window based on the preliminary activity 

label for the time window and at least one final activity label for at least one prior time 

window. In some instances, the activity recognition device may transmit an alarm signal 

to a central monitoring system upon determination of a particular final activity label. For 

example, in the case where the activity recognition device is an electronic monitoring 

device, the activity recognition device may transmit an alarm if the final activity label is 

driving, but the location module is unable to detect any current location information.

[0032] FIG. 3 is a block diagram of an activity recognition device 30 and a remote 

processor 38. Activity recognition device 30 includes a processing unit 32 including both 

a processor 33 and movement sensor 34. Processor 33 may be any type of processor or 

microprocessor commonly used to process information or to control a variety of other 

electronic components. Processor 33 interacts with movement sensor 34 to receive data 

from movement sensor 34, such as a signal related to the movement of the person wearing 

activity recognition device 30. Movement sensor 34 can be configured to measure such a 

signal during a time window as defined by processor 33.

[0033] An exemplary time window may be in the range of 2 (two) seconds to 10 (ten) 

seconds and may contain a number of samples in the range of 8 (eight) to 1024 samples, as 

an example, not as a limitation. Movement sensor 34 may also be configured to operate in 

a very low power mode where sampling takes place occasionally over a longer time 

period, for example, once every five minutes, when the individual is sleeping or doing 

some other sedentary and longer-term activity. In general, data collection by the 

movement sensor 34 could range between 0.2 Hz and 50 Hz in frequency, but is not 

limited to previously defined range. The data collection frequency may be dependent 

upon the type of activity being detected. For example, faster moving activities, such as 

running, may require a higher sample rate (closer to 50 Hz) than slower moving activities 

such as sleeping. The size of a time window may also be related to data collection rate. A 

time window should have enough samples for processor 33 to assign a preliminary activity 

level with a reasonable confidence level.
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[0034] Processor 33 may compute at least one numerical descriptor from the measured

signal and assign at least one preliminary activity label to the time window based on the

numerical descriptor. The processor 33 may then determine whether to perform additional

analysis dependent upon at least the preliminary activity label; and then the processor

assigns a final activity label to the time window.

[0035] In another configuration, the processor 33 may assign at least one preliminary 

activity label and confidence indicator to the time window based on at least one numerical 

descriptor computed from the measured signal. The processor 33 may then determine 

whether to perform additional analysis dependent upon at least the confidence indicator 

and the processor then assigns a final activity label to the time window.

[0036] Processing unit 32 may further include a location unit 37. A location unit 37 may 

be any device that provides an estimated geographical location for activity recognition 

device 30. Examples of a location unit 37 include the following technologies: GPS, 

Cellular Triangulation, WIFI triangulation and GNSS. In some configurations, processor 

33 may be configured to estimate a location of the person using at least both of the signal 

from the movement sensor and data from the location module.

[0037] Activity recognition device 30 may also include a communications unit 36 to allow 

activity recognition device 30 to communicate with external devices. For example, when 

processor 33 determines that computational escalation is required, processor 33 may 

transmit the required data to external processor 38 to complete the additional processing 

prior to assigning a final activity label to a given time window.

[0038] While not shown in FIG. 3, activity recognition device 30 may further include an 

emergency notification component. Emergency notification component may be triggered 

manually, such as by a button or switch, or may be triggered automatically upon the 

detection of certain criteria, such as no movement of the person wearing activity 

recognition device 30 for a defined period of time. When emergency notification 

component is triggered, communication unit 36 may transmit information to an external 

device such as external processor 38, a central monitoring system, an emergency alert 

system, or other location. The information transmitted may include the location of the 

activity recognition device 30, the time the emergency notification is transmitted, and the 

reason that the emergency notification is transmitted.

-9-
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[0039] FIG. 4 shows an exemplary decision tree 40 such as one that may be used for 

assigning a preliminary activity label to a time window. Decision tree 40 uses a series of 

one or more factors 41, 42, 43 to reach an outcome - such as a high risk 44 or low risk 45 

classification for risk of heart attack patients after their initial 24 hours of monitoring. 

While decision tree 40 uses factors related to a person’s age and health to determine a risk 

profile, a decision tree based on similar principles may be used to determine a preliminary 

activity label for a time window. Factors used in a decision tree for determining a 

preliminary activity label may be based on, for example, the value of the numerical 

descriptors) assigned to the time window, the confidence indicator associated with the 

numerical descriptors, the numerical descriptor for one or more previous time windows, 

location information, environment information, device state and risk level or other 

characterizing information for the individual wearing the device. Outcomes associated 

with a decision tree may be any type of preliminary activity label, such as walking, 

driving, sleeping, sitting, running, eating, and bicycling. Other factors and outcomes will 

be apparent to one of skill of the art implementing this invention upon reading the present 

disclosure. Further, a decision tree is simply one of multiple techniques that may be used 

to assign a preliminary activity label to a particular time window. Other techniques used 

to assign a preliminary label to a time window will be apparent to one of skill in the art 

upon reading the present disclosure and are intended to be included in the scope of the 

present disclosure.

[0040] FIG. 5 is an accelerometer data graph 50 showing exemplary data an activity 

recognition device worn by an individual over a period of approximately 384 seconds. 

Graph 50 shows the magnitude of three axes 54, 55 and 56 of movement as measured by 

an accelerometer, across a time axis 51. Data axis 54, 55, 56 includes both a static 

component (driven by gravity) and a dynamic component. The sample rate for this 

particular graph was 20 Hz, the sampling period extends over 384 seconds.

[0041] FIG. 6 shows graph 60 illustrating belief values for activity labels associated with 

the movement data from FIG. 5 over multiple time windows. The horizontal axis 61 

shows time over 6-second time windows. As discussed throughout, shorter or longer time 

windows could be used consistent with the present disclosure. The vertical axis 62 shows 

belief values related to each of the activities, walking 64, driving 65 or resting 66, during a 
-10-
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given time window. Belief values can be associated with a likelihood that a given activity

is being performed during a given time window. Belief values differ from confidence

indicators in that the sum of all belief values for all activities for a particular time window

is 1.0.

[0042] The top layer of activity labels indicates the actual activity labels 67 for the 

activity being performed by the person wearing the activity monitoring device as recorded 

by that individual. During approximately the first seven time windows, the individual was 

walking. During time windows 8 - 45, the individual was resting. From time windows 45 

to 57, the individual was walking again. And during time windows 58 - 64, the individual 

was resting.

[0043] The bottom layer of activity labels indicates preliminary activity labels 69 for each 

time window based on the accelerometer data associated with that time window as shown 

in FIG. 5. There are more frequent transitions between activities as shown in the 

preliminary activity labels 69 than when compared to actual activity labels 67.

[0044] Final activity labels 68, shown directly below actual activity labels 67 show 

changes made to the preliminary activity labels 69 after additional analysis. The 

additional analysis was based in part on the confidence indicator for the assigned activity 

during a given time window. As can be seen, the final activity labels 68 have a high 

degree of accuracy when compared with actual activity labels 67.

[0045] Confidence indicators for walking 64, driving 65 and resting 66 are not shown in 

FIG. 6. However, a confidence indicator for the preliminary activity label for each time 

window could be calculated the belief values.

[0046] For example, in Figure 6 the belief value for each activity is represented by the 

lines 64, 65, 66. As the actual activity label 67 changes, the associated belief values 

change. A confidence indicator for the preliminary activity label 69 could be derived by 

looking at how close the belief values are to one another. For example, during time 

window 11, all three belief values are close to one another, i.e. all roughly around 0.33. 

During this time window, a calculated confidence indicator would be very low because the 

belief values indicate that all activities have an equal chance of being the actual activity of 

the user. In this case, the device may send data related to time window 11 to a remote 

processor for escalated or additional processing.
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[0047] The techniques of this disclosure may be implemented in a wide variety of 

computer devices, such as servers, laptop computers, desktop computers, notebook 

computers, tablet computers, hand-held computers, smart phones, and the like. Any 

components, modules or units have been described to emphasize functional aspects and do 

not necessarily require realization by different hardware units. The techniques described 

herein may also be implemented in hardware, software, firmware, or any combination 

thereof. Any features described as modules, units or components may be implemented 

together in an integrated logic device or separately as discrete but interoperable logic 

devices. In some cases, various features may be implemented as an integrated circuit 

device, such as an integrated circuit chip or chipset. Additionally, although a number of 

distinct modules have been described throughout this description, many of which perform 

unique functions, all the functions of all of the modules may be combined into a single 

module, or even split into further additional modules. The modules described herein are 

only exemplary and have been described as such for better ease of understanding.

[0048] If implemented in software, the techniques may be realized at least in part by a 

computer-readable medium comprising instructions that, when executed in a processor, 

performs one or more of the methods described above. The computer-readable medium 

may comprise a tangible computer-readable storage medium and may form part of a 

computer program product, which may include packaging materials. The computer- 

readable storage medium may comprise random access memory (RAM) such as 

synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non­

volatile random access memory (NVRAM), electrically erasable programmable read-only 

memory (EEPROM), FLASH memory, magnetic or optical data storage media, and the 

like. The computer-readable storage medium may also comprise a non-volatile storage 

device, such as a hard-disk, magnetic tape, a compact disk (CD), digital versatile disk 

(DVD), Blu-ray disk, holographic data storage media, or other non-volatile storage device. 

[0049] The term “processor,” as used herein may refer to any of the foregoing structure or 

any other structure suitable for implementation of the techniques described herein. In 

addition, in some aspects, the functionality described herein may be provided within 

dedicated software modules or hardware modules configured for performing the 

techniques of this disclosure. Even if implemented in software, the techniques may use 

hardware such as a processor to execute the software, and a memory to store the software.
-12-
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In any such cases, the computers described herein may define a specific machine that is

capable of executing the specific functions described herein. Also, the techniques could be

fully implemented in one or more circuits or logic elements, which could also be

considered a processor.

Examples

[0050] While the examples represent specific scenarios and methods in which the 

activity recognition process interacts with individuals and devices, permutations and 

variations on these examples will be apparent to one of skill in the art upon reading the 

present disclosure. The various methods and devices shown in and discussed in the 

context of each of the examples can be adapted to meet other particular use cases and 

work flows. Further, methods and devices shown in the examples may be combined in 

variety of ways; the examples are only intended to illustrate a sampling of the possible 

processes made possible by the present disclosure. Finally, as technology evolves some 

of the methods or devices in the examples may become unnecessary or obsolete; 

however, the scope of the inventive concepts disclosed and claimed herein will still be 

understood by those of skill in the art.

Example 1: Activity Recognition Process Activation
[0051] A device used to recognize activity is required to be of a small form factor and 

lightweight to minimize interference with the regular motion and movement of a person 

that it is attached. Size and weight constraints therefore require efficient management 

of device housing space for providing energy to the device (e.g., battery) and for data 

storage. In an escalating trend, electronic monitoring (EM) devices or bracelets are 

being attached to offenders as a method to track their location to maintain the conditions 

of a sentence or parole. These EM devices are outfitted with global positioning system 

(GPS), or other location systems, to provide and communicate location and 

corresponding date / time stamps of an offender. In certain circumstances, GPS 

communication of the EM device may be interrupted, blocked, or disabled. When GPS 

communication is disrupted, the activity recognition process is activated to actively 

monitor the actions of an offender until GPS communication is restored. There is a
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trade-off between the energy necessary to power an EM device and data processing 

capabilities. Simultaneous activation of both GPS and the activity recognition process 

may be redundant and lead to reduced performance of the EM device (e.g., rapid loss of 

power or extensive use of processor memory). However, both may be active in 

situational circumstances. As an example, an offender has an EM device attached to 

their ankle. GPS communication broadcasts their current location as their place of 

residence. An hour later, GPS still registers their place of residence as their current 

location, but suddenly the GPS signal is lost. The activity recognition process is 

immediately activated and records that an offender transitioned from a resting position 

and then walked for twenty minutes. The activity recognition process continues, 

monitoring motion and movement, until GPS communication is restored and / or an alert 

is generated.

Example 2: Activity Recognition Process Alert Generation
[0052] Alerts or alarms are generated and transmitted, from a device, when activity 

transitions or durations are abrupt or constant for prolonged periods of time. Alerts or 

alarms are notifications sent to personnel assigned to monitor a person with an attached 

device. As an example, an offender has an EM device attached to their ankle. GPS 

communication and the activity recognition process arc active. The activity recognition 

process records that an offender was cycling for sixty minutes and then driving for ten 

minutes. GPS communicates that the offender was at their place of residence for the 

last seventy minutes. An alert is generated as the cycling activity duration was 

unchanging and the driving activity was abrupt at a location where it normally would 

not occur.

[0053] Variations on the disclosure described above will be apparent to one of skill in the 

art upon reading the present disclosure, and are intended to be included within the scope 

of the present disclosure. A wide range of activities may be detected in addition to those 

discussed explicitly herein, and are within the scope of the present disclosure. Further, a 

variety of analysis methods may be used consistent with the disclosed analysis steps and 

processes.
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[0054] Throughout this specification and the claims which follow, unless the context requires

otherwise, the word "comprise", and variations such as "comprises" or "comprising", will be

understood to imply the inclusion of a stated integer or step or group of integers or steps but

not the exclusion of any other integer or step or group of integers or steps.

5

[0055] The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as, an 

acknowledgement or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge in 

10 the field of endeavour to which this specification relates.
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1. A computing device comprising:

a physical housing configured to be worn by a user;

at least one movement sensor enclosed within the physical housing;

at least one computer processor enclosed within the physical housing; and

at least one memory enclosed within the physical housing, wherein the memory 

comprises instructions that, when executed by the at least one computer processor, cause the 

at least one computer processor to:

in response to receiving, from the movement sensor, a set of movement data 

based on one or more signals that correspond to movement of the user during a time 

window, generate at least one numerical descriptor for the time window;

generate, based at least in part on the at least one numerical descriptor for the 

time window, a confidence indicator that corresponds to a preliminary activity label, 

wherein the preliminary activity label is indicative of movement of the user during the 

time window;

in response to determining that the confidence indicator corresponding to the 

preliminary activity label fails to satisfy a condition, initiate a set of operations to 

determine a final activity label for the time window that are at least more 

computationally complex than a set of operations used to generate the at least one 

numerical descriptor for the time window and determine the preliminary activity label, 

wherein the final activity label is indicative of movement of the user during the time 

window; and

in response to determining that the final activity label satisfies at least one 

criterion, generating a notification based at least in part on the final activity label.

2. The computing device of claim 1, wherein the at one least movement sensor is 

included in a plurality of sensors, wherein the memory comprises instructions that, when 

executed by the at least one computer processor, cause the at least one computer processor to:

in response to receiving, from each respective sensor in the plurality of sensors, a 

respective set of sensor data based on one or more signals generated by the respective sensor 

during a time window, generate the at least one numerical descriptor for the time window.
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3. The computing device of claim 1, wherein the memory comprises instructions that, 

when executed by the at least one computer processor, cause the at least one computer 

processor to:

generate a plurality of numerical descriptors for the time window that includes the at 

least one numerical descriptor for the time window.

4. The computing device of claim 1, wherein the memory comprises instructions that, 

when executed by the at least one computer processor, cause the at least one computer 

processor to:

generate a plurality of preliminary activity labels for the time window that includes the 

preliminary activity label;

generate, for each respective preliminary activity label of the plurality of preliminary 

activity labels and based at least in part on one or more one numerical descriptors for the time 

window, a respective confidence indicator that corresponds the respective preliminary activity 

label; and

select a set of preliminary activity labels from the plurality of activity labels based at 

least in part on the respective confidence indicators that correspond to the set of preliminary 

activity labels;

wherein determination of the final activity label for the time window is based at least 

in part on one or more of the set of preliminary activity labels.

5. The computing device of claim 1, wherein to determine that the confidence indicator 

corresponding to the preliminary activity label fails to satisfy the condition, the memory 

comprises instructions that, when executed by the at least one computer processor, cause the 

at least one computer processor to:

determine that the confidence indicator is less than a predefined threshold.

6. The computing device of claim 1, wherein the preliminary activity label is a first 

preliminary activity label, wherein to determine that the confidence indicator corresponding to 

the preliminary activity label fails to satisfy the condition, the memory comprises instructions
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that, when executed by the at least one computer processor, cause the at least one computer

processor to:

determine that the first preliminary activity label corresponds to at least one of a speed

of movement or magnitude of energy that is less than the condition.

7. The computing device of claim 1, wherein to initiate the set of operations to determine 

the final activity label for the time window, the memory comprises instructions that, when 

executed by the at least one computer processor, cause the at least one computer processor to:

send, to a remote computing device that performs at least a portion of the set of 

operations that are at least more computationally complex than the set of operations used to 

determine the preliminary activity label, data related to the time window that was generated 

by the computing device; and

receive, from the remote computing device, data usable to determine the final activity 

label.

8. The computing device of claim 1, wherein the memory comprises instructions that, 

when executed by the at least one computer processor, cause the at least one computer 

processor to perform the set of operations to determine the final activity label for the time 

window that are at least more computationally complex using at least one of a neural network, 

Bayesian analysis, random forest, support vector machine, or decision tree.

9. The computing device of claim 1, wherein the time window is a first time window, the 

final activity label indicative of movement of the user during the first time window is based at 

least in part on the preliminary activity label for the first time window and the final activity 

label for a second time window that precedes the first time window.

10. The computing device of claim 1, wherein to generate the notification, the memory 

comprises instructions that, when executed by the at least one computer processor, cause the 

at least one computer processor to:

in response to determining that the final activity label corresponds to a particular final 

activity label, send an alarm to a remote computing device.
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11. The computing device of claim 10, wherein to generate the notification, the memory 

comprises instructions that, when executed by the at least one computer processor, cause the 

at least one computer processor to:

send the alarm to the remote computing device based on determining that the final 

activity label corresponds to the particular final activity label and that a location sensor cannot 

detect location information.

12. The computing device of claim 1, wherein to generate the notification, the memory 

comprises instructions that, when executed by the at least one computer processor, cause the 

at least one computer processor to:

send, to a remote computing device, information comprising one or more of a location 

of the computing device, time information, or a reason for sending the information.

13. The computing device of claim 1, wherein to generate the confidence indicator that 

corresponds the preliminary activity label, the memory comprises instructions that, when 

executed by the at least one computer processor, cause the at least one computer processor to:

generate the confidence indicator that corresponds the preliminary activity label based 

at least in part on at least in part on at least one of age or health of the user.

14. The computing device of claim 1, wherein to generate the confidence indicator that 

corresponds the preliminary activity label, the memory comprises instructions that, when 

executed by the at least one computer processor, cause the at least one computer processor to:

generate the confidence indicator that corresponds the preliminary activity label based 

at least in part on at least one of location of the computing device, information corresponding 

to the environment that includes the computing device, a risk level for the user wearing the 

device, or information that characterizes the user wearing the device.

15. The computing device of claim 1, wherein the memory comprises instructions that, 

when executed by the at least one computer processor, cause the at least one computer 

processor to:

generate at least two respective belief value that correspond to at least two respective 

activities;
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and

generate the confidence indicator that corresponds the preliminary activity label based 

at least in part on the magnitude of closeness between the at least two respective belief values.

16. A non-transitory computer-readable storage medium comprising instructions that, 

when executed by one or more computer processors, cause the one or more computer 

processors to:

in response to receiving from a movement sensor, a set of movement data based on 

one or more signals that correspond to movement of a user during a time window, generate at 

least one numerical descriptor for the time window;

generate, based at least in part on the at least one numerical descriptor for the time 

window, a confidence indicator that corresponds to a preliminary activity label, wherein the 

preliminary activity label is indicative of movement of the user during the time window;

in response to determining that the confidence indicator corresponding to the 

preliminary activity label fails to satisfy a condition, initiate a set of operations to determine a 

final activity label for the time window that are at least more computationally complex than a 

set of operations used to generate the at least one numerical descriptor for the time window 

and determine the preliminary activity label, wherein the final activity label is indicative of 

movement of the user during the time window; and

in response to determining that the final activity label satisfies at least one criterion, 

generating a notification based at least in part on the final activity label.

17. The non-transitory computer-readable storage medium of claim 16, wherein the at one 

least movement sensor is included in a plurality of sensors, wherein the memory comprises 

instructions that, when executed by one or more computer processors, cause the one or more 

computer processors to:

in response to receiving from each respective sensor in the plurality of sensors, a 

respective set of sensor data based on one or more signals generated by the respective sensor 

during a time window, generate the at least one numerical descriptor for the time window.
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18. The non-transitory computer-readable storage medium of claim 16, wherein the 

memory comprises instructions that, when executed by one or more computer processors, 

cause the one or more computer processors to:

generate a plurality of numerical descriptors for the time window that includes the at 

least one numerical descriptor for the time window.

19. The non-transitory computer-readable storage medium of claim 16, wherein the 

memory comprises instructions that, when executed by one or more computer processors, 

cause the one or more computer processors to:

generate a plurality of preliminary activity labels for the time window that includes the 

preliminary activity label;

generate, for each respective preliminary activity label of the plurality of preliminary 

activity labels and based at least in part on one or more one numerical descriptors for the time 

window, a respective confidence indicator that corresponds the respective preliminary activity 

label;

select a set of preliminary activity labels from the plurality of activity labels based at 

least in part on the respective confidence indicators that correspond to the set of preliminary 

activity labels; and

wherein determination of the final activity label for the time window is based at least 

in part on one or more of the set of preliminary activity labels.

20. The non-transitory computer-readable storage medium of claim 16, wherein to 

determine that the confidence indicator corresponding to the preliminary activity label fails to 

satisfy the condition, the memory comprises instructions that, when executed by the at least 

one computer processor, cause the at least one computer processor to:

determine that the confidence indicator is less than a predefined threshold.
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