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ADAPTIVE NOTIFICATION SYSTEM BASED ON CONTEXTUAL INFORMATION

TECHNICAL FIELD

The present disclosure relates to systems and methods for managing and delivering safety

notifications to workers adaptable by workers” states.

BACKGROUND
When working in areas where there is known to be, or there is a potential to be, dusts,
fumes, gases, airborne contaminants, fall hazards, hearing hazards or any other hazards that are
potentially hazardous or harmful to health, it is usual for a worker to use personal protective
equipment (PPE), such as respirator or a clean air supply source. When safety-critical events (e.g.,

visor up, worker falls, etc.) occur in the areas, safety notifications need to be delivered to workers.

SUMMARY

There is a desire to effectively manage and deliver notifications to workers wearing
personal protective equipment (PPE) in a work environment. The present disclosure provides
adaptive systems and methods for managing and delivering notifications to workers based on

contextual information.

In one aspect, the present disclosure describes a method of managing and delivering
notifications to a worker in a work environment. The method includes providing to a notification
system a set of current safety notification configurations; receiving, via the notification system,
contextual information including real-time information collected from one or more environmental
sensors and user sensors; and assessing, via the notification system, the contextual information to
determine adjustments to the current safety notification configuration. In some embodiments, the
method further includes adjusting, via the notification system, the current notification
configuration based on the assessment, providing prompts for adjustment recommendations to
guide a user to adjust the current notification configuration, or providing data-driven adjustment

recommendations in response to a user’s attempt to adjust the safety notification configuration.

In another aspect, the present disclosure describes a safety notification system embodied
on a computer-readable storage medium. The system includes a data interface component to
receive first contextual information from one or more environmental sensors and user sensors and
second contextual information from one or more wearable notification and response devices; an
assessing component to assess the first and second contextual information to determine whether to

adjust current safety notification configurations; an adjusting component to adjust the current
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safety notification configurations based on the contextual information to generate adjustment
recommendations; a user interface to present the adjustment recommendations to a user and
receive and send the user’s instructions to the assessing component and the adjusting component to
generate a notification; and a delivery component to deliver the notification to the wearable

notification and response devices.

Various unexpected results and advantages are obtained in exemplary embodiments of the
disclosure. Advantages of exemplary embodiments of the present disclosure include, for example,
fewer missed notifications due to worker state or environmental conditions, decreased risk of a
notification causing harm by interrupting a worker at an inopportune time, and decreased nuisance
notifications delivered at times a worker is unable to respond. In addition, adaptive methods and
systems described herein can provide relatively conservative modifications to a notification

system.

Various aspects and advantages of exemplary embodiments of the disclosure have been
summarized. The above Summary is not intended to describe each illustrated embodiment or every
implementation of the present certain exemplary embodiments of the present disclosure. The
Drawings and the Detailed Description that follow more particularly exemplify certain preferred

embodiments using the principles disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood in consideration of the following
detailed description of various embodiments of the disclosure in connection with the

accompanying figures, in which:

FIG. 1 is a block diagram illustrating an exemplary notification system to deliver safety
notifications to workers wearing personal protection equipment (PPE) in a number of work

environments, according to one embodiment.

FIG. 2 is block diagram illustrating a method of using a notification system to manage and

deliver notifications, according to one embodiment.

FIG. 3A is a block diagram of the notification system of FIG. 2, according to one

embodiment.

FIG. 3B is a block diagram of the notification system of FIG. 2, according to another

embodiment.

FIG. 3C illustrates a screenshot of an exemplary message initiation component (MIC),

according to one embodiment.
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FIG. 4 is a schematic diagram illustrating a method of automatically managing and

delivering safety notifications to a user in work environments, according to one embodiment.

FIG. 5A illustrates a schematic view of a wearable notification and response device,

according to one embodiment.

FIG. 5B illustrates a user interface of a notification and response device, according to

another embodiment.

FIG. 5C illustrates a user interface of a notification and response device, according to one

embodiment.

FIG. 5D illustrates a block diagram of an alarm initiation system, according to one

embodiment.

FIG. 6 illustrates a screenshot of a user interface (UI) generated by an intelligent assistant

of a notification system for prompting a user to adjust notifications, according to one embodiment.

FIG. 7A illustrates a screenshot of a Ul or dashboard generated by an intelligent assistant

of a notification system to visualize history data, according to one embodiment.

FIG. 7B illustrates a screenshot of a Ul or dashboard generated by an intelligent assistant

of a notification system to visualize history data, according to another embodiment.

FIG. 8 is a screenshot of a UI or dashboard generated by an intelligent assistant of a
notification system to show history data and recommendations for a user to adjust notifications,

according to one embodiment.

FIG. 9 is a screenshot of a Ul or dashboard generated by an intelligent assistant of a
notification system to show history data and recommendations for a user to adjust notifications,

according to one embodiment.

FIG. 10 is a screenshot of a Ul or dashboard generated by an intelligent assistant of a
notification system to show an adjustment proposal to a use in a narrative or text style with a

graphical supplement, according to one embodiment.

FIG. 11 is a screenshot of a Ul or dashboard generated by an intelligent assistant of a
notification system to show an adjustment proposal based on a supervisor’s adjustment, according

to one embodiment.

In the drawings, like reference numerals indicate like elements. While the above-identified
drawing, which may not be drawn to scale, sets forth various embodiments of the present

disclosure, other embodiments are also contemplated, as noted in the Detailed Description. In all
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cases, this disclosure describes the presently disclosed disclosure by way of representation of
exemplary embodiments and not by express limitations. It should be understood that numerous
other modifications and embodiments can be devised by those skilled in the art, which fall within

the scope and spirit of this disclosure.

DETAILED DESCRIPTION

The present disclosure provides notification systems and methods for notifying a user
wearing personal protection equipment (PPE) in a work environment when there is any meaningful
event (e.g., a safety issue, a supervisor’s instruction, etc.) in the work environment.

FIG. 1 is a block diagram illustrating an exemplary notification and response management
system 2 in which articles of personal protection equipment (PPE) are utilized within a number of
work environments. Notifications to be delivered to workers wearing the articles of PPE are
managed by a notification system 6, according to some embodiments. Each of physical
environment 8A and 8B represents a physical environment, such as a work environment, in which
one or more individuals, such as workers 10A-10N, utilize respective personal protection
equipment (PPE) 13A-13N while engaging in tasks or activities within the respective environment.
Each article of the PPE may include embedded sensors or monitoring devices and processing
electronics configured to capture data in real-time as a user (€.g., a worker) engages in activities
while wearing the PPE. Each article of the PPE may further include one or more output devices for
outputting data that is indicative of operation of the PPE and/or generating and outputting
communications to the respective worker 10A-10N. For example, the PPE may include one or
more devices to generate audible notification (¢.g., one or more speakers), visual notification (e.g.,
one or more displays, light emitting diodes (LEDs) or the like), or tactile notification (e.g., a
device that vibrates or provides other haptic notification).

Each PPE is configured to communicate data, such as sensed motions, events and
conditions, via wireless communications. The PPE 13A-N may, for example, communicate directly
with a wireless access point. As another example, each worker 10A-N may be equipped with a
respective one of wearable communication hubs 14A-N that enable and facilitate communication
between the PPE 13A-N and the notification system 6.

In addition, an environment, such as environment 8B, may also include one or more
wireless-enabled sensing stations, such as sensing stations 21A, 21B. Each sensing station 21
includes one or more sensors and a controller configured to output data indicative of sensed
environmental conditions. Moreover, sensing stations 21 may be positioned within respective
geographic regions of environment 8B or otherwise interact with beacons 17 to determine

respective positions and include such positional information when reporting environmental data to
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the notification system 6. As such, the notification system 6 may be configured to correlate the
sense environmental conditions with the particular regions and, therefore, may utilize the captured
environmental data when processing event data received from PPE 13. For example, the
notification system 6 may utilize the environmental data to aid generating alerts or other
instructions for respirators 13 and for performing predictive analytics, such as determining any
correlations between certain environmental conditions (e.g., heat, humidity, visibility) with
abnormal worker behavior or increased safety events. As such, the notification system 6 may
utilize current environmental conditions to aid prediction and avoidance of imminent safety events.
Example environmental conditions that may be sensed by sensing stations 21 include but are not
limited to temperature, humidity, presence of gas, pressure, visibility, wind and the like.

Each of environments 8A-B can include computing facilities (e.g., a local arca network 4)
by which the articles of PPE are able to communicate with notification system 6. The notification
system 6 can provide data acquisition, monitoring, activity logging, reporting, predictive analytics,
PPE control, alert generation, etc. The environments 8A-B, may also include one or more safety
stations 15 distributed throughout the environment to provide viewing stations for accessing
information, such as requirements for the PPE. In addition, each of environments 8§ may include
computing facilities that provide an operating environment for end-user computing devices 16, 18
for interacting with the notification system 6 via network 4. For example, each of environments 8
typically includes one or more safety managers responsible for overseeing safety compliance
within the environment. Local users 20a and remote users 20b can interact with the notification
system 6 to control and actively manage many aspects of safety notification to be delivered to the
workers 10A-B, such as accessing and viewing usage records, reporting, etc.

In some embodiments, the notification and response management system 2 can include
one or more notification delivery components or devices for each PPE to output communications
to the respective worker 10A-10N. Typical notification delivery components/devices may include,
for example, a wearable vibration device or a light emitting device connected to a wearable hub
that can alert workers when certain information is to be delivered to the workers. The typical
notification delivery means may include, for example, audible notification (e.g., a speaker), visual
notification (e.g., a LED), tactile notification (¢.g., vibration), etc.

This disclosure describes systems and methods for receiving contextual or circumstantial
information in work environment (¢.g., work environment 8A, 8B in FIG. 1) and using the
information to control when, what and how to send notifications to selected users (¢.g., one or
more workers 10A-N in FIG. 1) in the work environment. The contextual information may
include, for example, dynamic information gathered from environmental sensors (e.g., sensing

stations 21A, 21B in FIG. 1) and user wearable sensors (¢.g., sensors of the PPE in FIG. 1), which
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can be assessed under the limitation of pre-set policies (¢.g., safety policies or rules) applied to a
notification system (¢.g., the notification system 6 in FIG. 1). In some embodiments, a notification
system described herein can have an intelligent assistant implementing a machine learning process
to generate notification configuration adjustments based on the contextual information or
variables. In some embodiments, the intelligent assistant can flexibly use various measures of
success (€.g., a reinforcement in certain machine learning systems) to automatically adjust the
notification configuration or provide adjustment recommendations to a user (€.g., a supervisor or a
safety manager) to adjust the notification configuration.

FIG. 2 is a block diagram illustrating a method of using a notification system 6 including
an intelligent assistant 62 to manage and deliver notifications, according to one embodiment. The
notification system 6 includes an intelligent assistant 62 to provide guidance to a user (e.g., a
supervisor or a safety manager) to adjust a notification configuration based on contextual
information or variables. The intelligent assistant 62 may also automatically adjust notification
configurations within policy limits without first notifying the user (e.g., a supervisor or safety
manager) to reduce over-notification or increase worker response rate.

In some embodiments, the intelligent assistant 62 can be fulfilled by implementing, via a
microprocessor device, a machine learning process including, for example, one or more descriptive
or predictive statistics methods including a multiple regression algorithm or an analysis of variance
algorithm on the contextual information. It is to be understood that an intelligent assistant may
include any suitable machine learning algorithms. Variables such as, for example, worker’s
locations, time of day, etc., and their respective data (e.g., history data or current state data) can be
provided to the learning algorithm such that the intelligent assistant can generate explanations or
predictions for notification configuration adjustments. FIGS. 6-11 illustrate screenshots of user
interfaces or dashboards for various notification configuration adjustments generated by the
intelligent assistant 62 or by an interaction between the intelligent assistant 62 and a user, which
will be discussed further below.

The contextual information or variables at 22 can include real-time information collected
from one or more work environments. For example, an article of PPE can include sensors for
capturing data that is indicative of a user’s attributes such as, for example, aspects of biological
state, psychological state, personality traits, and the current demands on the user’s perceptual
systems including different modalities such as, for example, visual and auditory systems. When a
user is in motion they are likely to have different thresholds for detecting notifications as
compared to when they are stationary. A user’s motion information can be critical for a
notification system to determine how to deliver suitable notifications. In some embodiments, an

accelerometer can be used to detect a user’s motion. In other embodiments, dedicated motion
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sensors for measuring a user’s movement may not be required. Instead, sensors already in place in
a product system may be repurposed for detecting motion. The user’s motion information can then
be used by a notification system for managing and delivering notifications as specified in the
corresponding notification configuration. In some embodiments, one or more temperature
measurement devices can be provided to detect a user’s body temperature which may provide
information, when combined with other biological measurements (¢.g., galvanic skin response),
indicating the physical, emotional, or engagement state of the user.

The real-time information collected from the work environment can further include
measures of variables in a work environment external to a user. For example, in a condition of heat
stress in the work environment, factors that are relevant to heat exposure in the work environment
including air temperature, humidity, air velocity, heat radiation, etc., can be detected by various
sensors distributed in the work environment. Such environmental measurement data can be
transmitted to a notification system and used to initiate or modify notifications regarding heat
stress. In some embodiments, a location sensor such as environmental location beacons (e.g.,
beacons 17A-B of FIG. 1), can be provided to detect a user’s location information which can be
analyzed to determine an indication of a user’s state. For example, the location information of a
worker can be used to cancel a notification when the intelligent assistant analyzes the location
information and determines that the notification is not relevant to the detected location but is
relevant to another location. The cancellation of delivering a notification can be implemented by
adjusting a notification configuration that can specify a notification for one location but not
another location. In some embodiments, the detected location information can also be used to
initiate a notification. For example, when a location sensor detects a worker walking by a relevant
landmark, such as a worker’s interface for receiving notification information, the location
information can be transmitted to the notification system and the intelligent assistant can analyze
the location information and send the worker suitable notifications such as, for example, a
reminder to complete a task (e.g., responding to checking previous notifications). It is to be
understood that the sensors suitable for providing environmental measures may vary based on the
needs of various work environments.

The real-time information collected from the work environment can further include a
user’s feedback to notifications. A user (¢.g., a worker) can provide feedback by using a user
response device, which can include, for example, a wearable device, a safety station, or any
suitable input devices that can provide a user interface for the user to input feedback. FIGS. 5A-C
illustrates various exemplary user response devices or user interfaces that allow a user to provide

feedback at different sophistication levels, which will be discussed further below.
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In some embodiments, the contextual information or variables 22 can be combined with
user history data and assessed by the intelligent assistant 62. User history data may include, for
example, history data of notifications sent to a user, history data of user response to the
notifications, etc. Notification history data can be stored by the notification system and utilized by
an intelligent assistant of the notification system to adjust notification configurations. For example,
in some embodiments, the intelligent assistant can analyze the user history data to defer or cancel
certain notifications to prevent too many notifications occurring within a certain timeframe. In
some embodiments, the intelligent assistant can analyze the user history data to determine whether
notifications are safety critical or not. For notifications that are not safety critical (e.g., just
informative), the intelligent assistant can adjust the current notification configuration to defer or
cancel the notification to prevent annoyance and distraction to a user, while for a safety-critical
notification the intelligent assistant can offer a higher priority and adjust the notification
accordingly to ensure its delivery to the user.

The intelligent assistant 62 of the notification system 6 receives the contextual information
22 and assesses the received information along with user history data and pre-set policies or rules
to determine whether to adjust or update a current notification configuration 24 that the
notification system 6 has access to.

A notification configuration described herein includes various notification rules and
parameters that can define or specify what, when, how, and to whom a notification generated by
the notification system 6 is to be delivered upon detecting a meaningful event (e.g., a safety issue,
a supervisor’s instruction, etc.) in the work environment. For example, a notification configuration
may specify an intensity, a frequency, or a modality to deliver a notification. In some
embodiments, a notification configuration may specify rules or parameters for escalating a
notification that a worker is not responding to, such as increases in frequency, duration, and
intensity of a notification, and changes in modalities or additions of modalities. In some
embodiments, a notification configuration may specify rules or parameters for broadcasting a
notification that a worker has not responded to.

A notification configuration may have initial settings for its rules and/or parameters that
can be adjusted manually by a user or automatically by the intelligent assistant 62. The initial
configuration can be set-up for a specific work context upon installation of the notification system
in that context including worker IDs, PPE IDs, work environment sensor IDs, etc. Upon specifying
workers and PPE, for example, a notification configuration may be set to send notifications to a
worker when PPE is used beyond a specified use duration, regardless of a work zone. Later, a

notification configuration may be adjusted to account for distances between a work zone and
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replacement parts, for example, specifying earlier notifications for workers who are at a longer
distance from replacement parts.

In some embodiments, the intelligent assistant 62 of the notification system 6 can use a
machine learning method such as, for example, a reinforcement learning algorithm to improve a
decision-making process of the intelligent assistant 62. In some embodiments, to initiate a
reinforcement learning process, the notification system can begin by using default notification
parameters for the current notification configuration for specific events and send a pre-set
notification to a user, while learning from user responses or reinforcement. Over time, the
notification system 6 can determine whether the default notification parameters of the current
notification configurations need to be adjusted, for example, whether the current notification
configuration results in an acceptable level of worker response, considering the contextual
information collected from the work environment along with the user history data and pre-set
policies. This learning process can occur over time and with many instances of each event.

In some embodiments, when the notification system 6 accumulates experiences after
learning about the contextual variables, the notification system 6 can generalize such experiences
across events. For example, in some cases, when the notification system 6 assesses the contextual
information and finds that a value of one variable (¢.g., accelerometer indicated movement)
predicts a decrease of a user’s response sensitivity across all events, the notification system 6 can
adjust or update the current safety notification configurations to increase notification intensity for
all events.

In some embodiments, the notification system 6 can utilized a reinforcement learning
algorithm to lock the system behavior to the current safety notification configurations until the
notification system 6 determines that sufficient contextual information data have been gathered to
provide a given level of certainty. This can prevent premature changes to the current safety
notification configurations. The notification system described herein may begin with a relatively
simple set of notification configuration which can continually adapt and improve its behavior over
time.

In some embodiments, a reinforcement learning algorithm can include various parameters
to control the learning rate of the algorithm (e.g., the rate of adapting the current safety notification
configurations). For example, for a notification system to deliver safety notifications, the default
learning rate can be relatively slow, and may require relatively larger sample sizes to modify the
weightings of different contextual variables. The reinforcement learning algorithm can generalize
by applying adjustments to a broader set of contexts, depending on sample sizes, but may have

some bias to be cautious in generalizing.
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When the notification system 6 determines to adjust at least some notification
parameters/variables from the current notification configuration 24, the intelligent assistant 62 can
generate adjustment recommendations (e.g., options or alternatives for notifications) within the set
notification policies, or provide suggestions for a user instructing the system to make an
adjustment (¢.g., user 1 as a supervisor, user 2 as a safety manager, or other user(s) having the
authority to adjust notifications). The intelligent assistant 62 can also update the current
notification configuration 24 based on the received user’s instructions. In some embodiments, the
intelligent assistant 62 can evaluate the instructions from the user based on the contextual
information 22. When the intelligent assistant 62 determines that the instructions from the user are
inappropriate, the intelligent assistant 62 can provide further guidance for the user. The results of
the interactive behavior between the intelligent assistant 62 and the user can be recorded in a form
of reports 25 for the reference of the user or organizations.

FIG. 3A is a block diagram of the notification system 6 including the intelligent assistant
62 of FIG. 2, according to one embodiment. The notification system 6 includes a data interface
component 32 configured to receive measurement data from various sensors 31 including, for
example, environmental sensors and worker wearable sensors. The data interface component can
also receive data from one or more notification and response devices 33. A worker 5 can receive
notifications from the notification and response devices 33 and may provide feedback to the
notification system 6 via the devices 33. In some embodiments, the devices 33 can be a wearable
hub and the worker 5 can initiate messages (¢.g., alarms) via the wearable hub. The worker-
initiated messages can be sent to the notification system and received by the data interface
component.

The notification system 6 further include a store component 34 to store information
including, for example, user history data, pre-set policies, dynamically-updated current notification
configurations, etc. The pre-set policies can be pre-determined for various events that may occur in
a work environment. For example, a user operating the system can set a rule that any detection of a
worker wearing a wrong filter in a work environment is an urgent event.

In the depicted embodiment of FIG. 3A, the intelligent assistant 62 of the notification
system 6 includes an assessing component 36 and an adjusting component 38. The assessing
component 36 is configured to assess the contextual information or variables from the data
interface 32 along with other information from the store component 34 to determine whether to
adjust current notification configurations. The adjusting component 38 is configured to make
suitable adjustments of notifications from the current notification configuration 24 based on the
assessing results from the assessing component 36. For example, in some embodiments, the

assessing component 36 can assess the real-time contextual information from the data interface 32
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and the related pre-set rule from the store component 34 to determine an urgency level of
notifications upon certain detected events in the work environment. Based on the assigned urgency
level, the adjusting component 38 can determine appropriate notification
modifications/adjustments, for example, to adjust (increase or decrease) detectability of the
notification received by worker(s) 5.

The adjusted notifications or adjustment recommendations can be presented to user(s) 3
via a user interface 37. In some embodiments, the user interface 37 may include a dashboard
providing data visualization of proposals (¢.g., to increase or decrease detectability) to the user 3
(e.g., a supervisor or a safety manager) to manually input instructions. The input from the user 3
can be assessed by the assessing component 36 to determine whether further adjustments can be
made. Accordingly, the adjusting component 38 can further adjust the notification and provide
further proposal or guidance to the user 3 via the user interface 37. In some embodiments, the user
3 may have the authority to override the proposal from the intelligent assistant 62. The finally-
determined notification adjustment according to the user’s instructions can be sent to the delivery
component 39 and delivered to worker(s) 5 via notification and response device(s) 33. In some
embodiments, a worker’s feedback can be received by the notification and response device 33 and
sent to the data interface 32 as additional contextual information.

In some embodiments, the notification system 6 may allow the user 3 (¢.g., a supervisor)
to bypass an intelligent assistant to initiate notifications to send to the workers 5. In the depicted
embodiment of FIG. 3B, the user interface 37 includes a message initiation component (MIC) 937
which is configured to receive specific instructions from the user 3 (¢.g., a supervisor) and direct
the message/notification from the user 3 to the worker 5 via the delivery component 39, bypassing
the intelligent assistant 62. Such user data can be sent to and stored in the store component 34 via
the message initiation component (MIC) 937, bypassing the intelligent assistant 62.

In some embodiments, the intelligent assistant 62 can analyze the user data stored in the
store component 34, detect a behavior pattern of the user data from MIC 937, and propose
modifications to the notification configuration accordingly.

In some embodiments, the message initiation component (MIC) 937 can be separate from
the user interface 37 and independently executed by a device such as, for example, a mobile device
capable of receiving a voice input. The device may not require dashboard-kind of view and
analysis.

FIG. 3C illustrates a screenshot of an exemplary message initiation component (MIC)
937a, according to one embodiment. The message initiation component (MIC) 937a provides

various selectable dialog boxes 938a-d which allow the user to specify a notification to be sent to a
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worker, including, for example, when to send the notification, what is the content of the
notification, how to send the notification, to whom the notification is to be sent, etc.

The notification system 6 can be embodied on a computer-readable storage medium. The
computer-readable storage medium can store instructions for performing the methods or processes
described herein. The computer-readable storage medium may include any volatile or non-volatile
storage elements. Examples may include 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),
and FLASH memory. Examples may also include hard-disk, magnetic tape, a magnetic or optical
data storage media, a compact disk (CD), a digital versatile disk (DVD), a Blu-ray disk, and a
holographic data storage media.

The notification system 6 can be implemented by a processor or a computing device
including, for example, one or more general-purpose microprocessors, specially designed
processors, application specific integrated circuits (ASIC), field programmable gate arrays
(FPGA), a collection of discrete logic, and/or any type of processing device capable of executing
the techniques described herein.

FIG. 4 is a schematic diagram illustrating a method of automatically managing and
delivering safety notifications to a user in various work environments, according to one
embodiment. Event(s) 41 that occur in a work environment can be detected by various sensors
which can generate real-time contextual information 42. A notification system can assess at 410
the real-time contextual information by considering at 43 pre-set policies and user’s history data
and current state data to determine the urgency level 44 of the detected events 41. The urgency
level 44 can vary as, for example, highly urgent, urgent, non-urgent or informative. With the
determined urgency level 44, the notification system can determine at 420 appropriate notification
modifications 430 (e.g., to adjust detectability).

In some embodiments, options for adjusting detectability of a notification may include, for
example, escalating the delivery of notification, deferring notification, advancing notification,
preventing or cancelling notification, etc. In some embodiments, when the notification system
determines an event to be highly urgent, the notification system can escalate delivery of the
notification. For example, in some embodiments, the perceptual qualities of the notification can be
modified to increase saliency. In some embodiments, detectability of a notification can be
modified by increasing the intensity or volume of a notification delivery device. In some
embodiments, the notification can also be escalated by redirecting, for example, forwarding the
notification to another relevant user in the work environment who may be more available to

respond. In some embodiments, the notification can also be escalated by broadcasting, for
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example, sending the notification to the target user along with other relevant users in the work
environment.

When the notification system determines an event to be non-urgent or just informative, the
notification system may defer, advance, prevent, or cancel the notification. In some embodiments,
when the notification system determines that the trigger event for a notification is non-urgent,
and/or the worker is at a particularly tricky step in a task, the notification system can defer or
cancel the notification. In some embodiments, notification modifications may advance a non-
urgent notification by moving the notification forward by reducing allowable delay time.

In some embodiments, the notification system may use a conservative strategy to
substantially obey pre-set policies to guarantee a certain level of successful notifications in a given
situation. For example, when a notification for a certain event (¢.g., a low battery status of PPE)
has a response rate lower than a pre-set threshold, the notification system can keep modifying the
notification (e.g., by increasing notification intensity) over successive episodes until the response
rate reaches a pre-set threshold. In many cases, a response rate from a worker may depend on
contextual variables such as, for example, the location of the worker. The notification system can
gather adequate sample over time to determine the response rate as a function of contextual
variables and adjust the notification accordingly.

In some embodiments, a notification system can provide the workers with notification and
response devices having a basic feedback function such as, for example, acknowledge function or
clear function. In some embodiments, a notification and response device may allow workers to
provide more detailed feedback information to the system instead of a simple acknowledgment of
receipt. In some embodiments, notification and response devices may allow workers to initiate
messages (¢.g., alarms).

FIG. 5A illustrates a schematic view of a wearable notification and response device allow
a worker to respond to received notifications and/or to initiate messages (¢.g., alarms), according
to one embodiment. The wearable notification and response device 52 can include a vibration
device or a light emitting device connected to a wearable hub that can alert workers when certain
information is to be delivered to the workers. In the depicted embodiment of FIG. 5A, the
wearable notification and response device 52 further includes a button 53 allowing the wearers to
respond to notifications and/or initiate alarms from their current location. Upon receiving the
alarms from the device 52, a notification system can identify relevant users (¢.g., close-by workers,
supervisors, safety managers, etc.) and send a high urgency notification to the relevant users via
various notification and response devices. After initiating the alarm, the worker can access a safety

station or other user interfaces to get feedback on the status of the alarm such as, for example, a
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user interface can present information on notification recipients, their locations, and any
acknowledgements by the recipients.

FIG. 5B illustrates a schematic view of a notification and response device providing a two-
button acknowledgment system, according to one embodiment. The device 54 includes a first
acknowledgement button 541 and a second acknowledgement button 542. The first button 541 is
to acknowledge the notification to be appropriate, which corresponds to acceptability of a
notification. The second button 542 is to acknowledge the receipt of the notification and require
adjustments of the received notification. Pressing either button can count as a response to a
notification. A notification system can monitor a worker’s response/feedback via the device 54 and
use the feedback data along with other contextual information/variables to modify notification
configurations. In some embodiments, a notification system may monitor a worker’s response to
determine whether a worker complies with the directive indicated by the notification, such as
lowering a protective visor in an area with contamination or leaving an area for which their PPE is
inappropriate. Managing such responses may be one of the primary functions of a notification
system, and the direct feedback from the worker or the worker’s history behavior concerning the
notification can provide useful supplements.

In some embodiments, when the notification system determines that acceptability from
workers is lower than a pre-determined threshold, to increase the acceptability, the system can
modify the corresponding notification to decrease its urgency level. When the notification system
determines that a response rate from workers is lower than a pre-determined threshold, to increase
the response rate, the system can modify the corresponding notification to increase notification
intensity. In some embodiments, the notification system may prioritize a response rate over
acceptability. For example, the notification system may decide to stop modifying notification once
a response rate reaches its threshold, even the acceptability is still lower that its threshold at that
point.

In some embodiments, to further enhance a learning mechanism of a notification system, a
user interface can be provided to receive workers” feedback including user’s response and specific
reason(s) for that response. FIG. 5C illustrates a screenshot of a user interface 55 of a notification
and response device allowing more sophisticated feedback from workers, according to another
embodiment. For example, a worker can press the second button 542 of FIG. 5B to request
adjustments of a notification. Then, the user interface 55 can be provided to the worker to select
possible reason(s) for this feedback (e.g., the notification sent too early or late, the notification
intensity too strong or weak, urgency level inappropriate, etc.). The user’s feedback via the user
interface 55 can provide more detailed contextual information to the notification system to

enhance its learning mechanism.
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In addition, the notification system can use the more sophisticated user feedback to
provide additional notification modifications. For example, in the embodiment depicted in FIG. 4,
when the notification system receives a worker’s feedback that a notification was sent too early or
should not have been sent, the notification system can experiment with notification deferrals and
cancellations at 430 if such adjustments are allowed by pre-set policies.

In some embodiments, the wearable devices 52 can allow the worker 5 to initiate messages
(e.g., alarms). The worker-initiated messages can be received by the wearable device 52, sent to
the notification system 6 and received by the data interface component 32 of FIG. 3. FIG. 5D
illustrates a block diagram of an exemplary alarm initiation system 56. The system 56 can be
implemented by the wearable device 52 to allow a worker to initiate alarms. The system 56
includes a user interface component 562 to receive a worker’s input (e.g., when the worker presses
an alarm initiation button on the wearable device). In some embodiments, an alarm initiation
button can be designed to allow a worker to activate it even with heavy duty gloves.

In some embodiments, a worker can press and hold an alarm initiation button for a
predetermined period (e.g., 4 seconds, 5 seconds, 6 seconds, etc.) to activate an activation
component 564 of the system 56. Upon detecting the press of the button, the activation component
564 can inform a timer 566 to start an alarm count-down. During a predetermined period of alarm
count-down, an alarm notification component 568 of the system 56 can provide a pending-alarm
feedback (e.g., a continuous vibration) to the worker who initiated the alarm that an alarm might
be triggered. At the end of the alarm count-down, in the absence of receiving a worker’s further
instruction (e.g., another press of the button), the alarm notification component 568 of the system
56 can trigger an alarm to send to the data interface component 32 of the notification system 6 in
FIG. 3A. During the predetermined period of alarm count-down, when the user interface
component 562 receives instruction from the worker (¢.g., another button press from the worker), a
de-activation component 565 of the system can silence the vibration and cancel or suppress the
alarm notification.

In some embodiments, a worker may press the alarm initiation button for a predetermined
period (e.g., 1-3 seconds) to self-check. Upon detecting the press of the button, the activation
component 564 may trigger a self-checking process by, for example, informing a user feedback
component 567 to send a self-check feedback (e.g., multiple short pulses of vibration) to the
worker. The self-check feedback may include, for example, an “OK” vibratory signal, or an
“Error” vibratory signal when the worker presses the button for a self-checking process.

When a worker initiates an alarm notification via, for example, the alarm initiation system
56, the notification system 6 can process the alarm notification and alert recipients (¢.g., other

workers 5) via the notification/response devices 33 in the manner of, for example, broadcasting the
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alarm notification to the workers 5 in the field and/or the users 3. In some embodiments, the
notification system 6 can detect the respective states of the workers 5 and determine which
worker(s) are ready to respond to the alarm. The notification system can assess the real-time
contextual information by considering the workers” current state data to determine whether a
worker in the field is ready to respond. For example, when the notification system 6 detects that
worker B who is close to the alarm-initiator worker A is not ready to respond to the alarm, the
notification system 6 may send the alarm to a group of workers in the field who are ready to
respond to the alarm. It is to be understood that the alarm can be sent to the recipients via any
suitable means, including, for example, one or more devices to generate audible notification (e.g.,
one or more speakers), visual notification (e.g., one or more displays, light emitting diodes (LEDs)
or the like), tactile notification (e.g., a device that vibrates or provides other haptic notification),
etc.

Referring again to FIG. 2, the intelligent assistant 62 of the notification system 6 can use
the contextual information 22 to provide various guidance to a user to set up notification
parameters or adjust notifications from current notification configurations. FIGS. 6-11 illustrates
screenshots of user interfaces generated by an intelligent assistant (¢.g., the intelligent assistant 62
in FIGS. 2 and 3) for a user (¢.g., a supervisor or safety manager) to guide a user to set up or adjust
notifications, according to some embodiments.

In the exemplary user interface 600 of FIG. 6, the intelligent assistant 62 provides
guidance for the supervisor in the form of defaults to set up parameters for notification adjustment
for an event of visor-up (i.c., when a visor of worker’s PPE is detected to be up). The provided
adjustment parameters include, for example, types of adjustment (e.g., defer, redirect, broadcast,
prevent, etc.), desired recipients, duration of the notification, locations, etc. The supervisor can
manually input the parameters at the user interface 600 and the intelligent assistant 62 can store the
instructions in current safety notification configurations as default settings for the notification. The
default settings can serve as an initial notification configuration that specifies a domain of
notification for each event. The user interface 600 also provides options for the user to view or edit
previous notification adjustments by pressing a button 605.

In some embodiments, an intelligent assistant can provide data visualization via various
user interfaces or dashboards. FIGS. 7A-B illustrate screenshots of exemplary dashboards
generated by an intelligent assistant of a notification system to show history data and system state
to a user (¢.g., a supervisor), according to some embodiments.

In the user interface 610 of FIG. 7A, the intelligent assistant visualizes the history data of
how different workers response to notifications at different locations and at different times of day.

Each notification is indicated by a symbol in the user interface. The symbols are arranged
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according to the time (y-axis) and location (x-axis). Symbols with lattice fill represent notifications
that the worker responded to, and vertical-striped symbols represent notifications that were
ignored. The intelligent assistant can analyze the patterns of ignored notifications and adjust
notification configurations or propose notification configuration adjustments based on the analysis.
In the depicted embodiment of FIG. 7A, the pattern reveals that notifications were being ignored if
they occurred before noon.

In the user interface 620 of FIG. 7B, the intelligent assistant visualizes the history data of
workers’ response to notifications and the current system state. The user interface 620 also
includes statistical analysis of the history data such as, for example, a predictive relationship 622,
which can provide data and analytical support for the user to set up default settings or make any
suitable adjustments to the current notification configurations.

In some embodiments, an intelligent assistant can analyze the system’s notification
behavior and provide suggestions to a user (€.g., a supervisor) to make notification adjustments. In
some embodiments, an intelligent assistant can analyze history data of a worker’s response history,
extract explanatory factors, and propose alternative adjustments. In some embodiments, an
intelligent assistant can analyze history data of a user’s adjustments, and propose patterns that can
be used in subsequent adjustments and in modifying the current safety notification configuration.
In some embodiments, an intelligent assistant can provide user interfaces or dashboards to educate
users on responses to notifications.

In some embodiments, an intelligent assistant may analyze variables of contextual
information such as, for example, worker’s locations, time of day, etc., and their respective data
(e.g., history data or current state data) to provide explanations or predictions for notification
adjustments.

FIG. 8 is a screenshot of a user interface 810 generated by an intelligent assistant of a
notification system to show history data and recommendations for notification adjustments to a
supervisor, according to one embodiment. The user interface 810 shows recommendations 812 for
adjustment to the current safety notification configurations based on independent effects of “time
of day” and “worker.” Each notification is indicated by a symbol in the user interface 810. The
symbols are arranged according to the time (y-axis) and location (x-axis). Symbols with lattice fill
represent notifications that the worker responded to, and vertical-striped symbols represent
notifications that were ignored. The intelligent assistant can analyze the patterns of ignored
notifications and adjust notification configurations or propose notification configuration
adjustments based on the analysis. In the illustrated example, the pattern reveals two potentially

important relationships: Worker A (denoted by the dog-cared squares) ignored all notifications,
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and also there was a tendency across other workers to ignore notifications in the morning in
Locations A-1, A-2, and B.

FIG. 9 is a screenshot of a user interface 820 generated by an intelligent assistant of a
notification system to show suggestions for notification adjustments to a supervisor, according to
one embodiment. In the user interface 820, the intelligent assistant allows a user to specify an
adjustment 822 (e.g., defer, redirect, broadcast, or prevent). With the user-identified adjustment,
the intelligent assistant can pre-select options 824 based on the contextual information and provide
corresponding suggestions 826. This exemplary user interface (UI) 820 shows an abstracted
recommendation from the intelligent assistant that ““Visor-up” notifications between 8 am and
noon in Locations 1-A, 1-B, and 2 are to be deferred. The UI 820 also allows the user to override
or revise the IA’s recommendation, using the buttons 826 such as the “Time/Day” and “Location
edit” buttons.

FIG. 10 is a screenshot of a dashboard generated by an intelligent assistant of a
notification system to show an adjustment proposal to a supervisor in a narrative or text style with
a graphical supplement, according to one embodiment. The user interface 830 shows narrative-
style presentations of recommendations when there are an increasing number of variables and
potential for higher-order interactions therebetween. This exemplary user interface 830 shows a
text-based exposition of the rules that including the notification adjustment. The basic situation is
similar to that depicted in the user interfaces 810 and 820 where notifications are ignored in the
morning in 3 locations. Here in the user interface 830, two workers are affected more than others:
workers A and D. Workers™ response level (40%) is presented in text at the top of the screen. At
the bottom of the screen, there is a pictorial indication of worker response rate, along with the
relative strength of response rate association with various explanatory factors (e.g., Time,
Location, Worker). In this example, all 3 factors have a moderate association with response level,
depicted by the 3 filled circles for each of the 3 factors.

FIG. 11 is a screenshot of a dashboard 840 generated by an intelligent assistant of a
notification system to show an adjustment proposal based on a supervisor’s adjustment, according
to another embodiment. When the user proposes an adjustment 842 in a way that is at odds with
the analysis of an intelligent assistant, the intelligent assistant can generate a display 844 for the
user’s reference. The proposed adjustment 844 can be based on underlying statistical analyses of
relations between the variables. This exemplary user interface 840 builds on the text expression as
shown in the user interface 830. The user has proposed a notification adjustment, as shown on the
left (842) and the intelligent assistant (IA) has recommended a qualification to that adjustment
(844). This example illustrates how the system might promote a cautious approach to notification

adjustments. In the user’s proposal (842), it is implicit that the adjustment will apply to all
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workers. Recommending that the adjustment applies to only two workers (844) reduces the overall
scope of the change. If the adjustment is a deferral or other reduction in the impact of the
notification, the TA counter-proposal (844) is more cautious than the user’s proposal.

Unless otherwise indicated, all numbers expressing quantities or ingredients, measurement
of properties and so forth used in the specification and embodiments are to be understood as being
modified in all instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the foregoing specification and attached listing of embodiments
can vary depending upon the desired properties sought to be obtained by those skilled in the art
utilizing the teachings of the present disclosure. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claimed embodiments, each numerical
parameter should at least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques.

Exemplary embodiments of the present disclosure may take on various modifications and
alterations without departing from the spirit and scope of the present disclosure. Accordingly, it is
to be understood that the embodiments of the present disclosure are not to be limited to the
following described exemplary embodiments, but is to be controlled by the limitations set forth in

the claims and any equivalents thereof.

Listing of Exemplary Embodiments

Exemplary embodiments are listed below. It is to be understood that any one of

embodiments 1-27 and 28-29 can be combined.
Embodiment 1 is a method of managing and delivering notifications to a worker in a work
environment, the method comprising:

providing a current notification configuration to a notification system;

receiving, via the notification system, contextual information including real-time information
collected from one or more environmental sensors and user sensors; and

assessing, via the notification system, the contextual information to determine adjustments to

the current notification configuration.

Embodiment 2 is the method of embodiment 1, further comprising adjusting, via the notification

system, the current notification configuration based on the assessment.

Embodiment 3 is the method of embodiment 2, wherein the current notification configuration is
adjusted to defer, redirect, broadcast, advance, amplify, reduce, or cancel one or more

notifications.

Embodiment 4 is the method of embodiment 2 or 3, further comprising adjusting the current

notification configuration to be within the bounds of one or more pre-set policies.
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Embodiment 5 is the method of any one of embodiments 1-4, further comprising generating, via

the notification system, adjustment recommendations based on the assessment.

Embodiment 6 is the method of embodiment 5, further comprising providing, via a user interface,

the adjustment recommendations to a user.

Embodiment 7 is the method of embodiment 5 or 6, further comprising receiving input from the

user to adjust the current notification configuration.

Embodiment 8 is the method of embodiment 7, further comprising generating safety notifications

based on the further adjustment and delivering the safety notifications to the worker.

Embodiment 9 is the method of any one of embodiments 1-8, further comprising assessing user
history data including history data of safety notifications sent to the worker, and history data of the

worker responding to the safety notifications.

Embodiment 10 is the method of any one of embodiments 1-9, wherein assessing the contextual
information includes implementing one or more descriptive or predictive statistics methods
including a multiple regression algorithm or an analysis of variance algorithm on the contextual

information.

Embodiment 11 is the method of any one of embodiments 1-10, wherein assessing the contextual

information includes implementing one or more machine learning algorithms.

Embodiment 12 is the method of any one of embodiments 1-11, further comprising providing a

user interface (UI) to present a result of the assessment to a user.

Embodiment 13 is the method of embodiment 12, wherein the user interface (UI) includes default

settings reflecting the current notification configuration.

Embodiment 14 is the method of embodiment 12 or 13, wherein the user interface (UI) further

includes a dashboard to present the contextual information.

Embodiment 15 is the method of any one of embodiments 12-14, wherein the user interface (UI)

further includes automatically generated adjustment recommendations.

Embodiment 16 is the method of embodiment 15, wherein the automatically generated adjustment
recommendations can apply to a narrower set of users and/or contexts than a user’s originally input

mstructions.

Embodiment 17 is the method of any one of embodiments 1-16, further comprising providing a
notification and response device to the worker, the device including one or more buttons allowing

the worker to send a feedback to the notification system.
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Embodiment 18 is the method of embodiment 17, further comprising receiving, via a data interface

of the notification system, the feedback from the notification and response device.

Embodiment 19 is the method of embodiment 17 or 18, wherein the notification and response

device includes an alarm button.

Embodiment 20 is the method of any one of embodiments 17-19, wherein the notification and
response device includes a first button to accept a notification and a second button to request

adjustment of the notification.

Embodiment 21 is the method of any one of embodiments 17-20, wherein the notification and

response device includes a display to present a user interface to receive the worker’s feedback.

Embodiment 22 is the method of any one of embodiments 1-21, further comprising directing, via a
message initiation component (MIC) of the notification system, a user’s notification to the worker,

overriding the adjustments to the current notification configuration.

Embodiment 23 is the method of any one of embodiments 1-22, further comprising receiving an

alarm notification initiated by the worker.

Embodiment 24 is the method of embodiment 23, further comprising providing a timer to start an

alarm count-down to trigger the alarm notification.

Embodiment 25 is the method of embodiment 24, further comprising receiving the worker’s

instruction to cancel or suppress the alarm notification.

Embodiment 26 is the method of any one of embodiments 23-25, further comprising broadcasting,

via the notification system, the alarm notification.

Embodiment 27 is the method of embodiment 26, further comprising determining receivers” states
based on the contextual information and directing the alarm notification to a selected group of

receivers based on their respective states.

Embodiment 28 is a safety notification system embodied on a computer-readable storage medium,
comprising:

a data interface component to receive first contextual information from one or more
environmental sensors and user sensors and second contextual information from one or more
wearable notification and response devices;

an assessing component to assess the first and second contextual information to determine
whether to adjust current safety notification configurations;

an adjusting component to adjust at least some of the current safety notification

configurations based on the contextual information to generate adjustment recommendations;
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a user interface to present the adjustment recommendations to a user and receive and send the
user’s instructions to the assessing component and the adjusting component to generate a
notification; and

a delivery component to deliver the notification to the wearable notification and response
devices.

Embodiment 29 is the safety notification system of embodiment 28 to implement the method of

any one¢ of embodiments 1-27.

Reference throughout this specification to "one embodiment," "certain embodiments,"
"one or more embodiments," or "an embodiment," whether or not including the term "exemplary"
preceding the term "embodiment," means that a particular feature, structure, material, or
characteristic described in connection with the embodiment is included in at least one embodiment
of the certain exemplary embodiments of the present disclosure. Thus, the appearances of the
phrases such as "in one or more embodiments," "in certain embodiments," "in one embodiment,"
or "in an embodiment" in various places throughout this specification are not necessarily referring
to the same embodiment of the certain exemplary embodiments of the present disclosure. While
the specification has described in detail certain exemplary embodiments, it will be appreciated that
those skilled in the art, upon attaining an understanding of the foregoing, may readily conceive of

alterations to, variations of, and equivalents to these embodiments.
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What is claimed is:

1. A method of managing and delivering notifications to a worker in a work environment, the
method comprising:

providing a current notification configuration to a notification system;

receiving, via the notification system, contextual information including real-time information
collected from one or more environmental sensors and user sensors; and

assessing, via the notification system, the contextual information to determine adjustments to

the current notification configuration.

2. The method of claim 1, further comprising adjusting, via the notification system, the current

notification configuration based on the assessment.

3. The method of claim 2, wherein the current notification configuration is adjusted to defer,

redirect, broadcast, advance, amplify, reduce, or cancel one or more notifications.

4. The method of claim 2, further comprising adjusting the current notification configuration to

be within the bounds of one or more pre-set policies.

5. The method of claim 1, further comprising generating, via the notification system, adjustment

recommendations based on the assessment.

6.  The method of claim 5, further comprising providing, via a user interface, the adjustment

recommendations to a user.

7. The method of claim 5, further comprising receiving input from the user to adjust the current

notification configuration.

8. The method of claim 7, further comprising generating safety notifications based on the

further adjustment and delivering the safety notifications to the worker.
9. The method of claim 1, further comprising assessing user history data including history data

of safety notifications sent to the worker, and history data of the worker responding to the safety

notifications.
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10. The method of claim 1, wherein assessing the contextual information includes implementing

one or more machine leaming algorithms.

11. The method of claim 1, further comprising providing a user interface (UI) to present a result

of the assessment to a user.

12.  The method of claim 11, wherein the user interface (UI) includes default settings reflecting

the current notification configuration.

13. The method of claim 11, wherein the user interface (UlI) further includes a dashboard to

present the contextual information.

14. The method of claim 11, wherein the user interface (UI) further includes automatically

generated adjustment recommendations.

15. The method of claim 1, further comprising providing a notification and response device to
the worker, the device including one or more buttons allowing the worker to send a feedback to the

notification system.

16. The method of claim 15, further comprising receiving, via a data interface of the notification

system, the feedback from the notification and response device.

17. The method of claim 15, wherein the notification and response device includes an alarm

button.

18. The method of claim 15, wherein the notification and response device includes a first button

to accept a notification and a second button to request adjustment of the notification.

19. The method of claim 15, wherein the notification and response device includes a display to

present a user interface to receive the worker’s feedback.
20. The method of claim 1, further comprising directing, via a message initiation component

(MIC), a user’s notification to the worker, overriding the adjustments to the current notification

configuration.
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21. The method of claim 1, further comprising receiving an alarm notification initiated by the
worker, and broadcasting, via the notification system, the alarm notification to a selected group of

receivers based on their respective states.

22. A safety notification system embodied on a computer-readable storage medium, comprising:

a data interface component to receive first contextual information from one or more
environmental sensors and user sensors and second contextual information from one or more
wearable notification and response devices;

an assessing component to assess the first and second contextual information to determine
whether to adjust current safety notification configurations;

an adjusting component to adjust at least some of the current safety notification
configurations based on the contextual information to generate adjustment recommendations;

a user interface to present the adjustment recommendations to a user and receive and send the
user’s instructions to the assessing component and the adjusting component to generate a
notification; and

a delivery component to deliver the notification to the wearable notification and response

devices.

-25.



PCT/IB2019/060128

WO 2020/115606

1/16

ajoWay

d0¢

ajoWay
a0¢

NI VRN
NOL a0l

Wa)sAg uoleoliioN

YJomjeN

SUOIE}S !
fejes |

@\

vg—"]

JUBLILIOIAUT



PCT/IB2019/060128

WO 2020/115606

2/16

¢ Old

suoday/splooay

uoneinbiyuon
UOEJON
Juaung

A

(V1) Juejsissy juabi|jejuj

A 4

L \GC

vz

29-

WBJSAS UOHESIHION

A

UOIJBWIOU| [ENIXaju0)
A




PCT/IB2019/060128

WO 2020/115606

3/16

Ve Old

(s)lasn

¢ 7 / }

A 4

8oBBJU| Jas

Nm.\ A

A 4 A 4

Jusuodwo? Bunsnlpy <« Jusuodwo?) Buissassy (< ooepBlu| eleq |« (s)losusas
T ~0¢ T Nee 1€
N@\ A 4 A 4 r

L Jusuodwon Alsnlleq = 7E

v -9

(s)ao1na (g asuodsay/uonedyioN

A

A 4

(S)JoxIop

m\



PCT/IB2019/060128

WO 2020/115606

4/16

a¢ "ol

(s)iasn
MK A
LEB~ v
JIN| d%elsIU| Jas S
Nm\ A
Y Y
Jusuodwo?) bunsnlpy — Jusuodwo?) Buissassy [« 9oelB)U| Bleq |« (s)losuag
e~ ~-0¢ R ~1g
N@\ v Y
rmmk Jusuodwo? AlsAlleQq 57 ve
v -9

(S)ao1ne g asuodsay/uoneolnon

A

A 4

(s)1ox40M

G/



PCT/IB2019/060128

WO 2020/115606

5/16

4 o )
(puss) ]

Japulwal I0SIA
abesso\

loyJom o
UOIedI4I}ON

Y wepy
ol

puas wlIuo9
\ \ /

e ca—"  P8E6

J¢ Ol

@ )

[ enunuod [ > |

A PUILUSI JOSIN

}s1] abessa

“TMaU SJUM O
1SI| obessa|\ @

( mmmmmms_\
/

J08€6

4 o )

[ enunuod ][ > ]

Ay
574 %

A

Ny,

)

7

908 JI3]JU| SIONJOM

S.IM UQ [
Ja)I0m 0] [A

V)

W

uo1esaI0

/

48¢c6

g

@ )

[ enunguod [ > |

A | ealy
SuoI}e207

a“ Y wepy
SJ9)JOM

uoijedsoj .o
(._8_._95 uom_omw\

/

e8E6




PCT/IB2019/060128

WO 2020/115606

6/16

¥ 'Ol

199UBY) / JUSABI Kf

Py

\/

ooueApy (3340
1ajeq @ﬁ@un

/[ \

o=

Al

JSeopeolq - 8je|eosy @ﬁ@.\/ “m V [« »
1001Ip3Y - 91e[eIST Mﬁﬁ, \
s
Aol - 818[E9S3 +h%
JwB}\ UOHEILION Y JUBWISSASSY JXOJU0N
S ey
omv\ ,/om._u //o_\._u

ey

A7



WO 2020/115606 PCT/IB2019/060128

7/16

FIG. 5A
54
/
4 N\
4 N )
| |
\_ S VAN c J
541 542
\ J

FIG. 5B



PCT/IB2019/060128

WO 2020/115606

8/16

J¢ 'Ol

~

A Ayisuaju| uonesyijoN
7 ——A1e3 00 paAY —— Bujwi] uonesyiloN
A [aA97 Aouabun
uoieayljoN dn-10sIp
/




WO 2020/115606

9/16

PCT/IB2019/060128

/56

564 —

566~

568~

System Components

562~

User

Interface
Component

N

| Activation Deactivation | —565
Component Component
User
N Timer Feedback 1207
Component
Alarm
~ Notification
Component

FIG. 5D



PCT/IB2019/060128

WO 2020/115606

10/16

9 "Old

4 _ - N
EfddyS [EPoued]  =juswisnipy snoinaid ip3/mein=]
609
SCCERE IV O "'aWos O 3U0 ® ¢SUOIED0T YIIUA
"1109]9S | J4enalo4 o sheq/sinoH o 0l | SeINUIN ® ¢Buo7 moy 104
S CCRE IV O "awWoS O 8uD © ¢Spualdioay YoIym
Jusnald O Isedpedig o 10allpey O  JaleQ © Juswisnipy jo adA|
dn JosIA Joj suonedlijoN isnipy
\ %

009




PCT/IB2019/060128

WO 2020/115606

11/16

V. Old

paJoub| JayIop

g uoneso D uoneosoT g uoied0 ] 7-yuonesoT |-y UolesoT
0 we g
o v
) \V4 o we Q|
H @ W wd z}
] @ © wd
g 4 S f “
d
3. \/
. m g X uss
\V4 \V4 wd g
Do \/
gaom )
VoM ]
"~019
@)
©

papuodsay JanJop




PCT/IB2019/060128

WO 2020/115606

12/16

4.9l

00000 aUON ©eece Buosg :diysuoneley sAdIpald

paioub] M papuodsey N

\-229

TN\

| %01 Aisjeg

(RRRRERNRRRRERRRRN

%0G Aajeg

a

dwa] ybiy

| o |

e

N

J8)ll4 ¥dVd buoi

00=S"°)

S==SS)

00000

00000

LK

ddVd ON

00000

00000

00000

00000

K

dn JOSIA

JION A91d

SWIL

UONEo0 |

IENIOIY)

0cL 00L 08 09 Oy OC O

CSJUBAT #

E=suoieayjoN 1snipy =

sosuodsay SI9NJON 1§ PaIaAI[aQg SUOIRIIIION
/

X-029




PCT/IB2019/060128

WO 2020/115606

13/16

 uoneso

7 UOIEI0T

8 "ol

g uonesoT Z-y UoiesoT

V JoyJom
10j suonedyou Ny
UOOU pue we g
Usam}aqg suoleljijou
Bunsnipe Japisuo)
.uonuspy

218"

v

N JoYIOM
q JoYJoM
v JoYJOM

paJoub| JoaYIoM
papuodsay JoyJop

©e 140K

] <« Ea G (£

OO <Q<QEIE<A<

KO (D

|- UO[jEO0T]




PCT/IB2019/060128

WO 2020/115606

14/16

6 "Old

-

-

WA XN

SERIE

JusLLisnipy snoiAald JIp3/main =]

.

( UOIed0T O UONBI0T g UONBI0T Z-Y UOREd0T |- U0NEedoT

JUsAdId O

D e v i T e i T T e i Tt vl i T Emw
£ NN

we Q|
wdg|
wd g
wd ¥
wd g

wd g

A10)SIH asuodsay uo paseq
wawysnlpy pajsebbng

JSEOpROIg O 102IpRY O Jaled ©

SHFE

¢,SUOIED0T UDIYM
\-9z8

— lIPd—

¢sheqysswi yoIym
\-9z8

Juswisnipy jo adA|
728

uol}sabbng - dn JosIA 10} suonesynon isnipy

/

028




PCT/IB2019/060128

WO 2020/115606

15/16

0l "Old

-

N

OO000 UOIBIN0SSY Yea)\\ €566 uoljelnossy buong

paJoub| M papuodssy N

OO=="TEN0O=="= S ______m_r _ 19]]14 ¥dVd Buoip
1O)IO\  UONedoT auw Jusny
@ pue \ SI3}40A\ 0} IN220

A3HL 41 AINO LNd

g pue ‘Zy ‘Jy¥ suoljeso ul indo0

A3HL 41 AINO LNd

UOON pue we g usaamjag InooQ) Jey) SUOIBIIIION

( P3J0dY)Y BJE SUOIEOION YIIUM

18}114 Ydvd Buoi 1o} paoubi 81ap) SUORBIWION JO (ZF/L1) %0t -UOKUSHY

J

0£8-




PCT/IB2019/060128

WO 2020/115606

16/16

Ll 'Ol

d puB / SISNIOAN J0) 1900

A3HL 41 AINO LNd

g pue ‘Zy ‘LY Suoneoso ul indoQ

g pue ‘2y ‘LY Suoi}eooT ul IndoQ

A3HL 41 AINO LNd

A3HL 41 AINO LNd

UOON pue We g usamjag JnooQ 18y} SUolBolioN

UOON pue We g usamjag N2 ey} SUONEDIIION

juawisnipy pasodo.id-juelsissy Juabijajul
\

uawisnipy s Jos
\

0¥8-

\
v¥8

\
cy8




INTERNATIONAL SEARCH REPORT International application No.
PCT/1B2019/060128

A. CLASSIFICATION OF SUBJECT MATTER
GOSB 21/02(2006.01)i, GOSB 25/01(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO8B 21/02; A61B 5/0205; GO5B 19/418; G06Q 10/06; GO8B 21/04; GO9G 500; GO8B 25/01

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: worker environment, personal protective equipment,

contextual information, notification, configuration

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2018-0033279 A1 (ACCENTURE GLOBAL SOLUTIONS LIMITED) 01 February 2018 1-15,19-22
paragraph [0014], [0015], [0022], [0023], [0038], [0045], [0048], [0051], [00
681, [0073]1-[0075], [0077], [0082], [0099] and figures 2, 5

Y 16-18

Y WO 2017-223438 A1 (3M INNOVATIVE PROPERTIES COMPANY) 28 December 2017 16-18
paragraphs [0109]-[0110]

A US 6342877 B2 (JAMES O. ROBARTS et al.) 11 January 2005 1-22
claim 1 and figure 1

A US 2013-0116578 A1 (QI AN et al.) 09 May 2013 1-22
claim 1 and figure 2

A US 2016-0132046 A1 (FISHER-ROSEMOUNT SYSTEMS, INC.) 12 May 2016 1-22
claim 1 and figure 1

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eartlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means

being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
03 March 2020 (03.03.2020) 03 March 2020 (03.03.2020)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office KANG, Min Jeong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsmlile No. +82-42-481-8578 Telephone No. +82-42-481-8131

Form PCT/ISA/210 (second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2018-0033279 Al 01/02/2018 AU 2017-208212 Al 15/02/2018
AU 2017-208212 B2 21/06/2018
CN 107665568 A 06/02/2018
EP 3276554 Al 31/01/2018
SG 10201606194 A 27/02/2018
US 10204501 B2 12/02/2019
US 2018-0151049 Al 31/05/2018
US 9905107 B2 27/02/2018
WO 2017-223438 Al 28/12/2017 AU 2017-281368 Al 28/12/2017
AU 2017-281368 B2 30/01/2020
AU 2017-281699 Al 28/12/2017
AU 2017-281699 B2 05/12/2019
AU 2017-281894 Al 28/12/2017
AU 2017-281902 Al 28/12/2017
AU 2017-281906 Al 28/12/2017
AU 2017-281906 B2 30/01/2020
BR 112018076802 A2 02/04/2019
BR 112018076861 A2 02/04/2019
BR 112018076865 A2 02/04/2019
BR 112018076918 A2 02/04/2019
BR 112018076962 A2 02/04/2019
CA 3028977 Al 28/12/2017
CA 3028987 Al 28/12/2017
CA 3029217 Al 28/12/2017
CA 3029238 Al 28/12/2017
CA 3029239 Al 28/12/2017
CL 2018003737 Al 08/03/2019
CL 2018003743 Al 08/03/2019
CL 2018003749 Al 22/03/2019
CL 2018003801 Al 22/04/2019
CL 2018003804 Al 22/03/2019
CN 109310524 A 05/02/2019
CN 109310893 A 05/02/2019
CN 109310894 A 05/02/2019
CN 109414602 A 01/03/2019
CN 109416775 A 01/03/2019
CN 109416776 A 01/03/2019
EP 3474797 Al 01/05/2019
EP 3474956 Al 01/05/2019
EP 3474957 Al 01/05/2019
EP 3474958 Al 01/05/2019
EP 3475894 Al 01/05/2019
EP 3475896 Al 01/05/2019
JP 2019-527878 A 03/10/2019
JP 2019-528503 A 10/10/2019
KR 10-2013114 Bl 21/08/2019
KR 10-2015753 Bl 28/08/2019
KR 10-2019-0014100 A 11/02/2019

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

KR 10-2019-0014101 A 11/02/2019
KR 10-2019-0022684 A 06/03/2019
KR 10-2019-0022685 A 06/03/2019
KR 10-2019-0022686 A 06/03/2019
US 2017-0368381 Al 28/12/2017
US 2017-0372216 Al 28/12/2017
US 2017-0374436 Al 28/12/2017
US 2018-0270549 Al 20/09/2018
US 2019-0175411 Al 13/06/2019
US 2019-0175960 Al 13/06/2019
US 2019-0175961 Al 13/06/2019
US 9998804 B2 12/06/2018
WO 2017-223367 Al 28/12/2017
WO 2017-223451 Al 28/12/2017
WO 2017-223459 Al 28/12/2017
WO 2017-223469 Al 28/12/2017
WO 2017-223476 Al 28/12/2017
US 6842877 B2 11/01/2005 AU 1461502 A 29/04/2002
AU 2000-21902 Al 03/07/2000
AU 2001-22736 Al 25/06/2001
AU 2001-249696 A8 15/10/2001
AU 2001-249768 A8 15/10/2001
AU 2001-251209 A8 15/10/2001
AU 2001-251226 A8 15/10/2001
AU 2001-251232 A8 15/10/2001
AU 2001-289286 Al 15/10/2001
AU 2001-289286 A8 15/10/2001
AU 2001-49696 Al 15/10/2001
AU 2001-49768 Al 15/10/2001
AU 2001-51209 Al 15/10/2001
AU 2001-51226 Al 15/10/2001
AU 2001-51232 Al 15/10/2001
AU 2001-89286 Al 15/10/2001
CA 2405279 Al 11/10/2001
DE 10196019 T1 13/03/2003
DE 69902487 T2 19/12/2002
EP 1151372 Al 07/11/2001
EP 1151372 B1 07/08/2002
EP 1272917 A2 08/01/2003
EP 1276037 A2 15/01/2003
EP 1276037 A3 15/04/2009
EP 1297450 A2 02/04/2003
EP 1305701 A2 02/05/2003
EP 1314102 A2 28/05/2003
EP 1314102 B1 03/06/2009
EP 1334445 A2 13/08/2003
GB 2386724 A 24/09/2003
US 2001-0040590 Al 15/11/2001
US 2001-0040591 Al 15/11/2001

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2001-0043231 Al 22/11/2001
US 2001-0043232 Al 22/11/2001
US 2002-0032689 Al 14/03/2002
US 2002-0052930 Al 02/05/2002
US 2002-0052963 Al 02/05/2002
US 2002-0054174 Al 09/05/2002
US 2002-0078204 Al 20/06/2002
US 2002-0080155 Al 27/06/2002
US 2002-0080156 Al 27/06/2002
US 2002-0083025 Al 27/06/2002
US 2002-0083158 Al 27/06/2002
US 2002-0087525 Al 04/07/2002
US 2002-0099817 Al 25/07/2002
US 2002-0123951 Al 05/09/2002
US 2003-0046401 Al 06/03/2003
US 2003-0154476 Al 14/08/2003
US 2005-0034078 Al 10/02/2005
US 2005-0066281 Al 24/03/2005
US 2005-0066282 Al 24/03/2005
US 2005-0086243 Al 21/04/2005
US 2006-0004680 Al 05/01/2006
US 2006-0031181 Al 09/02/2006
US 2006-0053377 Al 09/03/2006
US 2006-0136393 Al 22/06/2006
US 2006-0277474 Al 07/12/2006
US 2007-0022384 Al 25/01/2007
US 2007-0043459 Al 22/02/2007
US 2007-0130524 Al 07/06/2007
US 2007-0156891 Al 05/07/2007
US 2007-0168502 Al 19/07/2007
US 2007-0266318 Al 15/11/2007
US 2008-0147775 Al 19/06/2008
US 2008-0313271 Al 18/12/2008
US 2009-0013052 Al 08/01/2009
US 2009-0055752 Al 26/02/2009
US 2009-0094524 Al 09/04/2009
US 2009-0150535 Al 11/06/2009
US 2009-0228552 Al 10/09/2009
US 2009-0282030 Al 12/11/2009
US 2010-0217862 Al 26/08/2010
US 2010-0257235 Al 07/10/2010
US 2010-0262573 Al 14/10/2010
US 2011-0093787 Al 21/04/2011
US 2013-0304911 Al 14/11/2013
US 2015-0106467 Al 16/04/2015
US 2018-0241708 Al 23/08/2018
US 6466232 Bl 15/10/2002
US 6513046 Bl 28/01/2003
US 6549915 B2 15/04/2003
US 6747675 Bl 08/06/2004

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6791580 Bl 14/09/2004
US 6801223 Bl 05/10/2004
US 6812937 Bl 02/11/2004
US 6874127 B2 29/03/2005
US 6920616 Bl 19/07/2005
US 6968333 B2 22/11/2005
US 7046263 Bl 16/05/2006
US 7055101 B2 30/05/2006
US 7058893 B2 06/06/2006
US 7058894 B2 06/06/2006
US 7062715 B2 13/06/2006
US 7073129 B1 04/07/2006
US 7076737 B2 11/07/2006
US 7080322 B2 18/07/2006
US 7089497 B2 08/08/2006
US 7107539 B2 12/09/2006
US 7137069 B2 14/11/2006
US 7155456 B2 26/12/2006
US 7203906 B2 10/04/2007
US 7225229 Bl 29/05/2007
US 7231439 B1 12/06/2007
US 7346663 B2 18/03/2008
US 7395507 B2 01/07/2008
US 7444594 B2 28/10/2008
US 7464153 Bl 09/12/2008
US 7478331 B2 13/01/2009
US 7496849 B2 24/02/2009
US 7512889 B2 31/03/2009
US 7533082 B2 12/05/2009
US 7614001 B2 03/11/2009
US 7647400 B2 12/01/2010
US 7689919 B2 30/03/2010
US 7734780 B2 08/06/2010
US 7739607 B2 15/06/2010
US 7779015 B2 17/08/2010
US 7827281 B2 02/11/2010
US 7945859 B2 17/05/2011
US 8020104 B2 13/09/2011
US 8103665 B2 24/01/2012
US 8126979 B2 28/02/2012
US 8181113 B2 15/05/2012
US 8225214 B2 17/07/2012
US 8346724 B2 01/01/2013
US 8489997 B2 16/07/2013
US 8626712 B2 07/01/2014
US 8677248 B2 18/03/2014
US 9183306 B2 10/11/2015
US 9372555 B2 21/06/2016
US 9443037 B2 13/09/2016
US 9559917 B2 31/01/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 9906474 B2 27/02/2018
WO 00-36493 Al 22/06/2000
WO 01-044978 A3 09/01/2003
WO 01-075570 A3 08/08/2002
WO 01-075571 A3 06/03/2003
WO 01-075653 A3 20/03/2003
WO 01-075654 A3 20/03/2003
WO 01-075676 A3 03/07/2003
WO 01-44978 A2 21/06/2001
WO 01-75226 Al 11/10/2001
WO 01-75570 A2 11/10/2001
WO 01-75570 Bl 20/02/2003
WO 01-75571 A2 11/10/2001
WO 01-75592 A2 11/10/2001
WO 01-75592 A8 12/06/2003
WO 01-75653 A2 11/10/2001
WO 01-75654 A2 11/10/2001
WO 01-75676 A2 11/10/2001
WO 02-33541 A2 25/04/2002
WO 02-33541 A3 31/12/2003
US 2013-0116578 Al 09/05/2013 AU 2007-342523 Al 17/07/2008
AU 2007-342523 B2 14/07/2011
CN 101573073 A 04/11/2009
CN 101573073 B 20/04/2011
EP 2096993 Al 09/09/2009
JP 2010-514497 A 06/05/2010
JP 4981925 B2 25/07/2012
US 2008-0162182 Al 03/07/2008
US 2018-0192894 Al 12/07/2018
US 8768718 B2 01/07/2014
US 9968266 B2 15/05/2018
WO 2008-085308 Al 17/07/2008
US 2016-0132046 Al 12/05/2016 CN 104035392 A 10/09/2014
CN 104035392 B 08/03/2019
CN 104049268 A 17/09/2014
CN 104049268 B 14/05/2019
CN 104049575 A 17/09/2014
CN 104049575 B 26/10/2018
CN 104049582 A 17/09/2014
CN 104049582 B 23/04/2019
CN 104049583 A 17/09/2014
CN 104049583 B 29/01/2019
CN 104049584 A 17/09/2014
CN 104049585 A 17/09/2014
CN 104049585 B 07/09/2018
CN 104049586 A 17/09/2014
CN 104049586 B 04/06/2019
CN 104049587 A 17/09/2014

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

CN 104049587 B 15/03/2019
CN 104049588 A 17/09/2014
CN 104049588 B 08/03/2019
CN 104049589 A 17/09/2014
CN 104049589 B 27/08/2019
CN 104049591 A 17/09/2014
CN 104049592 A 17/09/2014
CN 104049593 A 17/09/2014
CN 104049594 A 17/09/2014
CN 104049594 B 30/07/2019
CN 104049597 A 17/09/2014
CN 104914807 A 16/09/2015
CN 104914807 B 29/03/2019
CN 105005274 A 28/10/2015
CN 105005274 B 04/01/2019
CN 105051760 A 11/11/2015
CN 105051760 B 02/03/2018
CN 105373091 A 02/03/2016
CN 105373091 B 04/06/2019
CN 105487499 A 13/04/2016
CN 105487500 A 13/04/2016
CN 105487501 A 13/04/2016
CN 106104398 A 09/11/2016
CN 106104398 B 08/03/2019
CN 106796419 A 31/05/2017
CN 106933204 A 07/07/2017
CN 106933205 A 07/07/2017
CN 106933206 A 07/07/2017
CN 106933207 A 07/07/2017
CN 106933208 A 07/07/2017
CN 107885494 A 06/04/2018
CN 109901533 A 18/06/2019
CN 109976268 A 05/07/2019
CN 110244642 A 17/09/2019
CN 110244669 A 17/09/2019
CN 110376983 A 25/10/2019
DE 102014102844 Al 04/09/2014
DE 102014103353 Al 18/09/2014
DE 102014103377 Al 18/09/2014
DE 102014103383 Al 18/09/2014
DE 102014103397 Al 18/09/2014
DE 102014103402 Al 18/09/2014
DE 102014103415 Al 18/09/2014
DE 102014103422 Al 18/09/2014
DE 102014103424 Al 18/09/2014
DE 102014103426 Al 18/09/2014
DE 102014103440 Al 18/09/2014
DE 102014103442 Al 18/09/2014
DE 102014103486 Al 18/09/2014
DE 102014103511 Al 18/09/2014

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

DE 102014103531 Al 17/09/2015
DE 102014103531 A8 05/11/2015
DE 102014103538 Al 18/09/2014
DE 102015101370 Al 06/08/2015
DE 102015113054 Al 25/02/2016
DE 102015116825 Al 07/04/2016
DE 102015117008 Al 07/04/2016
DE 102015117015 Al 07/04/2016
DE 102016119066 Al 13/04/2017
DE 102016119084 Al 13/04/2017
DE 102016119084 A9 14/06/2017
DE 102016119100 Al 13/04/2017
DE 102016119100 A9 14/06/2017
DE 102016119178 Al 13/04/2017
DE 102016119186 Al 13/04/2017
DE 112014001381 Tb 03/03/2016
DE 112015001256 Tb 29/12/2016
DE 112015004578 Tb 24/08/2017
EP 2973242 A2 20/01/2016
EP 3200131 Al 02/08/2017
GB 2512984 A 15/10/2014
GB 2512997 A 15/10/2014
GB 2512999 A 15/10/2014
GB 2513000 A 15/10/2014
GB 2513238 A 22/10/2014
GB 2513455 A 29/10/2014
GB 2513456 A 29/10/2014
GB 2513457 A 29/10/2014
GB 2513706 A 05/11/2014
GB 2513707 A 05/11/2014
GB 2513708 A 05/11/2014
GB 2513709 A 05/11/2014
GB 2513956 A 12/11/2014
GB 2513957 A 12/11/2014
GB 2513958 A 12/11/2014
GB 2514644 A 03/12/2014
GB 2523893 A 09/09/2015
GB 2524176 A 16/09/2015
GB 2524176 B 17/07/2019
GB 2530630 A 30/03/2016
GB 2530630 B 06/02/2019
GB 2532849 A 01/06/2016
GB 2534628 A 03/08/2016
GB 2535263 A 17/08/2016
GB 2543900 A 03/05/2017
GB 2543951 A 03/05/2017
GB 2545302 A 14/06/2017
GB 2545303 A 14/06/2017
GB 2545535 A 21/06/2017
GB 2545774 A 28/06/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

GB 2548021 A 06/09/2017
JP 2014-170552 A 18/09/2014
JP 2014-224799 A 04/12/2014
JP 2014-225229 A 04/12/2014
JP 2014-225230 A 04/12/2014
JP 2014-225231 A 04/12/2014
JP 2014-225232 A 04/12/2014
JP 2014-225233 A 04/12/2014
JP 2014-225234 A 04/12/2014
JP 2014-225235 A 04/12/2014
JP 2014-225236 A 04/12/2014
JP 2014-225237 A 04/12/2014
JP 2014-225238 A 04/12/2014
JP 2014-225239 A 04/12/2014
JP 2014-225240 A 04/12/2014
JP 2014-225241 A 04/12/2014
JP 2014-238819 A 18/12/2014
JP 2015-146183 A 13/08/2015
JP 2015-176609 A 05/10/2015
JP 2016-038919 A 22/03/2016
JP 2016-076217 A 12/05/2016
JP 2016-076218 A 12/05/2016
JP 2016-076932 A 12/05/2016
JP 2016-517603 A 16/06/2016
JP 2017-076384 A 20/04/2017
JP 2017-076385 A 20/04/2017
JP 2017-076386 A 20/04/2017
JP 2017-076387 A 20/04/2017
JP 2017-079057 A 27/04/2017
JP 2017-511942 A 27/04/2017
JP 2017-531264 A 19/10/2017
JP 2019-071090 A 09/05/2019
JP 2019-071118 A 09/05/2019
JP 2019-091497 A 13/06/2019
JP 2019-091513 A 13/06/2019
JP 2019-117650 A 18/07/2019
JP 2019-220189 A 26/12/2019
JP 6397197 B2 26/09/2018
JP 6457182 B2 23/01/2019
JP 6516279 B2 22/05/2019
JP 6537777 B2 03/07/2019
JP 6549351 B2 24/07/2019
JP 6595980 B2 23/10/2019
US 10031489 B2 24/07/2018
US 10031490 B2 24/07/2018
US 10037303 B2 31/07/2018
US 10133243 B2 20/11/2018
US 10152031 B2 11/12/2018
US 10168691 B2 01/01/2019
US 10223327 B2 05/03/2019

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 10282676 B2 07/05/2019
US 10296668 B2 21/05/2019
US 10311015 B2 04/06/2019
US 10324423 B2 18/06/2019
US 10386827 B2 20/08/2019
US 10551799 B2 04/02/2020
US 2014-0250153 Al 04/09/2014
US 2014-0273847 Al 18/09/2014
US 2014-0274123 Al 18/09/2014
US 2014-0277593 Al 18/09/2014
US 2014-0277594 Al 18/09/2014
US 2014-0277595 Al 18/09/2014
US 2014-0277596 Al 18/09/2014
US 2014-0277604 Al 18/09/2014
US 2014-0277605 Al 18/09/2014
US 2014-0277607 Al 18/09/2014
US 2014-0277615 Al 18/09/2014
US 2014-0277616 Al 18/09/2014
US 2014-0277617 Al 18/09/2014
US 2014-0277618 Al 18/09/2014
US 2014-0277656 Al 18/09/2014
US 2014-0278312 Al 18/09/2014
US 2014-0280497 Al 18/09/2014
US 2014-0280678 Al 18/09/2014
US 2014-0282015 Al 18/09/2014
US 2014-0282227 Al 18/09/2014
US 2014-0282257 Al 18/09/2014
US 2015-0220080 Al 06/08/2015
US 2015-0261215 Al 17/09/2015
US 2016-0043866 Al 11/02/2016
US 2016-0098021 Al 07/04/2016
US 2016-0098037 Al 07/04/2016
US 2016-0098388 Al 07/04/2016
US 2016-0098647 Al 07/04/2016
US 2016-0327942 Al 10/11/2016
US 2017-0102678 Al 13/04/2017
US 2017-0102693 Al 13/04/2017
US 2017-0102694 Al 13/04/2017
US 2017-0102696 Al 13/04/2017
US 2017-0103103 Al 13/04/2017
US 2017-0115648 Al 27/04/2017
US 2017-0199843 Al 13/07/2017
US 2017-0235298 Al 17/08/2017
US 9397836 B2 19/07/2016
US 9541905 B2 10/01/2017
US 9558220 B2 31/01/2017
US 9665088 B2 30/05/2017
US 9678484 B2 13/06/2017
US 9697170 B2 04/07/2017
US 9740802 B2 22/08/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/1IB2019/060128
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 9772623 B2 26/09/2017
US 9778626 B2 03/10/2017
US 9804588 B2 31/10/2017
US 9823626 B2 21/11/2017
WO 2014-145801 A2 18/09/2014
WO 2014-145801 A3 30/10/2014
WO 2015-138706 Al 17/09/2015
WO 2016-057365 Al 14/04/2016

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

