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WEARABLE APPARATUS AND SYSTEM FOR USE WITH OUTDOOR POWER
EQUIPMENT

TECHNICAL FIELD
[0001] Example embodiments generally relate to outdoor power equipment and, more
particularly, relate to a wearable device (e.g., a wristband) that can be used to facilitate tracking

and operation of outdoor power equipment.

BACKGROUND
[0002] Property maintenance tasks are commonly performed using various tools and/or
machines that are configured for the performance of corresponding specific tasks. Certain tasks,
like cutting trees, trimming vegetation, blowing debris and the like, are typically performed by
hand-held tools or power equipment. The hand-held power equipment may often be powered by
gas or electric motors. Similarly, walk-behind and ride-on outdoor power equipment are used for
specific tasks like lawn mowing, tilling, snow removal, etc., and these devices can have gas or
electric motors.
[0003] The outdoor power equipment described above is typically operated in relatively
harsh environments, and performs difficult tasks that require mobility. The mobility of these
devices is certainly a big advantage, and efforts are continuously made to improve the utility and
mobility of such devices. However, the ease with which these devices can be transported may
also, in some cases, make the device more susceptible to theft or unauthorized/inappropriate use.
Moreover, even the rightful owners/operators of such devices may not be properly using the
devices.
[0004] Thus, it may be desirable to provide a way by which to track or monitor the operation
of such devices, but do so in a way that does not further add to the complexity, cost or weight of

such devices.

BRIEF SUMMARY OF SOME EXAMPLES
[0005] Some example embodiments may provide a wearable device that can be tracked or

monitored in connection with the use of one or more pieces of outdoor power equipment. The
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wearable device (e.g., wristband) may be paired with an outdoor power equipment device and
allow the operation and/or location of the device to be tracked, monitored or even restricted. The
safety, productivity and security of the device may therefore be enhanced, but the device itself
may need only minimal additional components added thereto so that the weight, cost and
complexity of the device is not adversely impacted.

[0006] In one example embodiment, a wearable device is provided. The wearable device
may be configured to be worn by an operator of outdoor power equipment and may include
processing circuitry having a processor and memory. The processing circuitry may be
configured to communicate with a paired device during operation of the paired device over a first
communication link. The processing circuitry may be further configured to provide an
operational control function associated with operation of the paired device.

[0007] In another example embodiment, an outdoor power equipment device is provided.
The outdoor power equipment device may include a motor, a working element operably coupled
to the motor to be powered by the motor, and communications circuitry. The communications
circuitry may be configured to communicate with a wearable device worn by an operator of the
outdoor power equipment device over a communication link. The wearable device may provide
an operational control function associated with operation of the outdoor power equipment
device.

[0008] In still another example embodiment, a system is provided that may include a
wearable device and a paired device. The wearable device may be configured to be worn by an
operator of outdoor power equipment. The paired device may be configured to be paired with
the wearable device via wireless communication over a first communication link. The paired
device may include a motor, a working element powered by the motor, and communication
circuitry configured to communicate over the first communication link. The wearable device
may include processing circuitry configured to communicate with the paired device during
operation of the paired device over the first communication link. The processing circuitry may
be further configured to provide an operational control function associated with operation of the
paired device.

[0009] Some example embodiments may improve the user experience, safety, productivity

and/or the security of outdoor powered equipment.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[0010] Having thus described some example embodiments in general terms, reference will
now be made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:
[0011] FIG. I illustrates a concept diagram of a system in which a wearable device may
operate in accordance with an example embodiment;
[0012] FIG. 2 illustrates a block diagram of circuitry for connecting the wearable device to a
paired device in accordance with an example embodiment;
[0013] FIG. 3 illustrates a control flow diagram for operation of the wearable device in
accordance with an example embodiment;
[0014] FIG. 4 illustrates a control flow diagram for another scenario involving operation of
the wearable device in accordance with an example embodiment; and
[0015] FIG. 5 illustrates a control flow diagram for still another scenario involving operation

of the wearable device in accordance with an example embodiment.

DETAILED DESCRIPTION
[0016] Some example embodiments now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all example embodiments are
shown. Indeed, the examples described and pictured herein should not be construed as being
limiting as to the scope, applicability or configuration of the present disclosure. Rather, these
example embodiments are provided so that this disclosure will satisfy applicable legal
requirements. Like reference numerals refer to like elements throughout. Furthermore, as used
herein, the term “or” is to be interpreted as a logical operator that results in true whenever one or
more of its operands are true. As used herein, operable coupling should be understood to relate
to direct or indirect connection that, in either case, enables functional interconnection or
interaction of components that are operably coupled to each other.
[0017] Some example embodiments may provide for a wearable device (e.g., wristband,
smart watch, helmet, glove, pants, etc.) that can be useful in connection with operating powered
tools or vehicles that may generally be referred to as outdoor power equipment or devices.
Outdoor power equipment of all types may employ some form of processing circuitry thereon to

facilitate operation of such devices. The processing circuitry can range from very simple to
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complex. Thus, the thought may arise to further increase the capability of such devices to fully
integrate them into the so called "Internet of things" by providing them with complex processing
and communication equipment. However, the cost of such improvements can be prohibitive, and
may not be necessary. Moreover, the weight of such devices may be adversely impacted.

[0018] Some example embodiments may allow certain functionality that might otherwise be
integrated into the outdoor power equipment itself, thereby increasing cost and weight, to be
instead implemented in a wristband (as one example of a wearable device that is configured to be
worn on the wrist of the operator) that can be paired with the equipment. The provision of a
wearable device that can accompany the user (and perhaps be registered to specific users or to
various classifications of users) and can be paired with the equipment or even enable (or
conditionally enable) functions or operation of the equipment can therefore even further expand
the capabilities of the system to track, protect, monitor, functionally enable or otherwise interact
with the equipment and/or the user (e.g., via the wearable device). The wearable device may
therefore, in effect, become a license to operate the corresponding equipment.

[0019] FIG. I illustrates a concept diagram of a system 100 in which a wearable device of an
example embodiment may operate. As shown in FIG. 1, the system 100 includes a plurality of
individual pieces of outdoor power equipment including a first device 110, a second device 120,
a third device 130, and a fourth device 135. Each of the first, second, third and fourth devices
110, 120, 130 and 135 includes at least an electric motor, a working element powered by the
electric motor, and a battery pack as described herein. However, it should be appreciated that
example embodiments are equally applicable to gas powered devices, or devices powered by
mains power. The system 100 also includes a wearable device (e.g., wristband 140) for a user or
operator to wear while operating any of the first, second, third and fourth devices 110, 120, 130
and 135. The wristband 140 is configured to be placed in wireless communication with any of
the first, second, third and fourth devices 110, 120, 130 and 135 via a first communication link.
In some cases, the system 100 may further include an access point 160. The access point 160
may enable the wristband 140 to be operably coupled to a network 170 to which user equipment
180 may be connected via a second communication link.

[0020] The wristband 140 may include, among other things, a display 150 and one or more
function buttons 152. The display 150 and function buttons 152 may form a portion of a user

interface, as described in greater detail below. However, it should be appreciated that such user
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interface could take various forms and have various levels of complexity and capability. Thus,
in some cases, the display 150 could be fairly simple and have minimal information provided
thereat. For example, an indication of the device to which the wristband 140 is paired, and other
simple indications regarding normal or abnormal operating conditions may be provided in some
cases. Meanwhile, in other cases, much more information and interaction could be accomplished
at the display 150 and with the function buttons 152. However, in some cases, most user
interface (or at least detailed or complicated user interface operations) may be accomplished on-
line or off-line at the user equipment 180. Moreover, the wristband 140 of some examples may
not include a display at all. Thus, for example, the wristband 140 of some embodiments may
only act as a communication device to record, transmit or relay information associated with the
operator or with operation of the device to which the wristband 140 is paired.

[0021] In the pictured example, the first device 110 is a blower, the second device 120 is a
trimmer, the third device 130 is a chainsaw, and the fourth device 135 is a riding lawn mower.
However, these three example devices are merely shown to illustrate the potential for
interoperability of the wristband 140 with a plurality of different types of devices in the outdoor
power equipment context. Thus, other pieces of outdoor power equipment could be substituted
or added in other examples. For example, string trimmers, hedgers, walk-behind lawn mowers
or other devices could be utilized in connection with other example embodiments. Any powered
piece of outdoor power equipment that can be operably coupled to the wristband 140 for either
communication purposes or the other functionalities described herein, could be part of the system
100, and the system 100 could include as few as a single device or as many as dozens of devices.
[0022] Additionally, the fact that four devices that could be employed in connection with the
wristband 140 are shown is merely illustrative of the potential for multiplicity relative to the
number of devices that a single instance of the wristband 140 can work with. It should be
appreciated that multiple wristbands could be employed in some cases to interact with a different
set of devices, with the same set of devices, or with selected ones of overlapping sets of devices.
Thus, in some cases, a number of different instances of the wristband 140 can communicate with
the access point 160 (or multiple access points distributed geographically) to access the network
170, and various individual pieces of user equipment 180.

[0023] In an example in which a single instance of the wristband 140 is used with a set of

devices (e.g., the first, second, third and fourth devices 110, 120, 130 and 135), the single
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instance of the wristband 140 may, in some cases, interact with only one of the devices at a time
while the operator is using the corresponding one of the devices. The device being used may be
electronically paired with the wristband 140 and any data captured or generated by the wristband
140 may be stored or communicated in association with an identity of the device to which such
data pertains. Thus, although all of the devices can communicate with the wristband 140, it
should be appreciated that the wristband 140 typically only communicates with one such device
at a time (i.e., the device to which the wristband 140 is paired).

[0024] In some cases, the wristband 140 may simultaneously, or separately and sequentially,
wirelessly communicate with one of the devices (e.g., the first, second, third and fourth devices
110, 120, 130 and 135) and with the access point 160. However, wireless communication with
the access point 160 is not required in all cases. Thus, for example, the wristband 140 may be
configured to communicate with the access point 160 continuously, in burst transmissions that
occur at intervals determined by temporal or event driven stimuli, when the wristband 140 is
docked with the access point 160 or otherwise physically coupled thereto, or by operably
coupling a removable memory of the wristband 140 to the access point 160.

[0025] In some cases, the wristband 140 could be paired with or used in connection with
operation of respective different ones of the first, second, third and fourth devices 110, 120, 130
and 135 at respective different times. The device with which the wristband 140 is paired at any
given time may be referred to as a paired device, and may be a selected one of the first, second,
third and fourth devices 110, 120, 130 and 135. In such cases, the wristband 140 may receive or
generate operation information that is descriptive of various aspects of the operation of the paired
device as described in further detail below. The wristband 140 may also receive or generate
operator information that is descriptive of various parameters associated with the operator of the
paired device as described in further detail below. Additionally or alternatively, the wristband
140 may perform one or more operational control functions (e.g., device security functions,
alarm functions, electric engine control, etc.) with respect to the paired device as described in
further detail below.

[0026] The operational control functions may enable or disable operation of the paired
device, or may restrict certain operational features of the paired device. The operational control
functions may also or alternatively provide alarm or notification services, locally or remotely. In

some cases, the operational control functions may ensure the correct (or authorized) user is
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wearing the wristband 140 while operating the paired device. Moreover, the paired device may
be immobilized or otherwise rendered inoperable if the paired device is not used in connection
with the correct (or authorized) user, or if the user is improperly employing the paired device
(e.g., based on the operation information and/or operator information).

[0027] The operator information may include vibration data, which determines or records
vibration levels encountered while the operator is using the paired device. The operator
information may also or alternatively include heart rate monitoring, temperature/moisture
measurement, proximity data (to other users or objects), noise levels and/or other environmental
information that can be sensed and that may impact operator health and/or safety. As such, in
some cases, the operator information may include measured physiological parameters of the
operator. The operator information may be recorded and compared to various thresholds (locally
or remotely) to enable the operator to be informed if unsafe or unhealthy situations are noticed.
If unsafe or unhealthy situations are noticed based on the operator information, then the operator
(or other personnel) may be informed after the fact or in real-time. In some cases, a distress
alarm button may also be provided for the operator to request help, and thus a call for help may
also be considered as operator information.

[0028] The operation information may include information indicative of run time (or run
hours) of the paired device, numbers of on-off cycles, GPS positioning of the wristband 140 (and
therefore also the paired device), service data, working data of various types (e.g., for
optimization of operation), and/or the like. In some cases, the operation information may include
engine RPM, working assembly RPM, torque, position, orientation, temperature data, speed data,
mode of operation, lubricating oil pressure or level, instances of protective actions, and/or the
like. The operation information may be used to facilitate improvement of operator productivity,
and may also provide input that can be used to monitor for safety related protective functions.
[0029] In some cases, the operation information and/or operator information may be stored
locally at the wristband 140, or stored remotely in the network 170 or at the user equipment 180.
As discussed above, if remote storage is employed, the storage may occur after communication
of such information from the wristband 140 using the communication protocol employed to
provide the information to the network 170 or user equipment 180. It should also be appreciated
that the wristband 140 may have different triggers or stimuli that cause the wristband 140 to

communicate with the access point 160 (if applicable) and/or the device being paired with the
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wristband 140. In some cases, initiation of connection of the wristband 140 with a paired device
(e.g., the first, second, third or fourth devices 110, 120, 130 or 135) may trigger communication.
Alternatively or additionally, termination of connection may trigger communication, or various
time or event based triggers may cause the wristband 140 to initiate communication and extract
or otherwise generate or receive data.

[0030] Once data (such as the operation information and/or operator information) has been
extracted from devices to which the wristband 140 is operably coupled (e.g., paired, linked,
connected, etc.) or from the environment or operator, the data may be stored locally at the
wristband 140 or at the user equipment 180 and/or the network 170, or analyzed (in real-time or
post hoc) at one of the corresponding locations. The network 170 may therefore be a local area
network, or a wide area network (e.g., the Internet), and the user equipment 180 could be a
personal computer or laptop, a smart phone or tablet, a server, or any of a number of other such
devices. The access point 160 and/or the paired device may communicate with the wristband
140 via short range wireless communication (e.g., Bluetooth, WiFi, and/or the like), and the
access point 160 may have a wired or longer range wireless connection to the network 170
and/or to the user equipment 180, although short range connection is also possible. Moreover, in
some cases, if the user equipment 180 has, for example, Bluetooth communication capabilities,
the user equipment 180 could actually act as the access point 160. Thus, for example, in some
cases, the access point 160 could be a communication node that provides a gateway to the
network 170 so that user equipment that is capable of communication with the network 170 can
interface with the wristband 140. However, in other cases, the access point 160 could be a smart
phone with Bluetooth capability and the user can interact directly with the wristband 140 without
other network resources therebetween to receive information from the wristband 140 and interact
with the wristband 140.

[0031] As may be appreciated from the discussion above, the wristband 140 includes
communication circuitry to support communication with the access point 160 and/or with the
paired device (e.g., a selected one of the first, second, third and fourth devices 110, 120, 130 or
135). Thus, the wristband 140 is configured to be operably coupled to the system on two levels,
only one of which is required. First, there is a primary communication level of connectivity to

the paired device, which can support all three of the operation information, operator information
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and operational control functions. Secondly, there is a secondary communication level of
connectivity to the network 170 and/or the user equipment 180, which is optional.

[0032] FIG. 2 illustrates a block diagram of circuitry that may be employed to support
various operations of the wristband 140, and some of the functionality associated therewith. In
this regard, as shown in FIG. 2, the wristband 140 may be operably coupled to the access point
160 and a paired device 200. The access point 160 may be further operably coupled to the
network 170, which may be operably coupled to the user equipment 180. The device may
include an electronic control unit (ECU) 210. The ECU 210, which may include processing
circuitry for controlling various components of the paired device 200, may control a working
assembly (e.g., a blade, mobility assembly, starting circuitry, trimmer head, electric motor,
and/or the like) of the paired device 200 and may also gather data (e.g., operating parameters)
that form a portion of the operation information. In some cases, some of the operation
information may be provided by various sensors of a sensor network 220. The sensor network
220 may include various sensors provided on the paired device 200. However, FIG. 2 shows the
sensor network 220 in a dashed box separate from the paired device 200 because at least some
sensors of the sensor network 220 (and sometimes all of them) may be located elsewhere (e.g.,
on the wristband 140). The sensors of the sensor network 220 may include, for example, a GPS
receiver, accelerometer, vibration sensors, temperature sensors, speed sensors, pressure sensors,
heart rate sensors, and/or the like.

[0033] The paired device 200 may also include communications circuitry 230 that may
enable the paired device 200 to communicate wirelessly with the wristband 140. The
communication circuitry 230 may enable WiFi, Bluetooth, or other short range wireless
communication (e.g., over the first communication link). However, in other cases, the
communication circuitry 230 may additionally or alternatively provide a means by which the
paired device 200 can receive an authorization code or qualified user identifier transmitted by the
wristband 140 to enable or authorize operation of the paired device 200. In such cases, the
wristband 140 may act as an access control mechanism or a license for operation of the paired
device 200. Thus, for example, the paired device 200 may be inoperable unless an authorized
user (as indicated by the authorization code or qualified user identity) is in control of or in
proximity to the paired device 200. In some cases, the paired device 200 or the wristband 140

may include an RFID tag or other readable tag that a reader on the other of the two devices can



WO 2017/151045 PCT/SE2017/050188

read to determine whether the wristband 140 constitutes authorization to operate the paired
device 200.

[0034] As further shown in FIG. 2, the wristband 140 may include processing circuitry 310
of an example embodiment as described herein. In this regard, for example, the wristband 140
may utilize the processing circuitry 310 to provide electronic control inputs to one or more
functional units of the wristband 140 and to process data received at or generated by the one or
more functional units regarding various indications of device activity (e.g., operation information
and operational control functions) relating to the paired device 200 and/or sensed parameters
about a particular user (e.g., operator information). In some cases, the processing circuitry 310
may be configured to perform data processing, control function execution and/or other
processing and management services according to an example embodiment. As such, the
processing circuitry 310 may be configured to manage extraction, storage and/or communication
of data received or generated at the processing circuitry 310.

[0035] In some embodiments, the processing circuitry 310 may be embodied as a chip or
chip set. In other words, the processing circuitry 310 may comprise one or more physical
packages (e.g., chips) including materials, components and/or wires on a structural assembly
(e.g., a baseboard). The structural assembly may provide physical strength, conservation of size,
and/or limitation of electrical interaction for component circuitry included thereon. The
processing circuitry 310 may therefore, in some cases, be configured to implement an
embodiment of the present invention on a single chip or as a single “system on a chip.” As such,
in some cases, a chip or chipset may constitute means for performing one or more operations for
providing the functionalities described herein.

[0036] In an example embodiment, the processing circuitry 310 may include one or more
instances of a processor 312 and memory 314 that may be in communication with or otherwise
control other components or modules that interface with the processing circuitry 310. As such,
the processing circuitry 310 may be embodied as a circuit chip (e.g., an integrated circuit chip)
configured (e.g., with hardware, software or a combination of hardware and software) to perform
operations described herein. In some embodiments, the processing circuitry 310 may be
embodied as a portion of an on-board computer housed in the wristband 140 to control operation
of the wristband 140 relative to its interaction with other devices (e.g., the paired device 200

and/or the access point 160).
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[0037] Although not required, some embodiments of the wristband 140 may employ a user
interface 330. The user interface 330 may be in communication with the processing circuitry
310 to receive an indication of a user input at the user interface 330 and/or to provide an audible,
visual, tactile or other output to the user. As such, the user interface 330 may include, for
example, a display (e.g., display 150), one or more switches, lights, buttons or keys (e.g.,
function buttons 152), and/or other input/output mechanisms. In an example embodiment, the
user interface 330 may include one or a plurality of colored lights or a simple display to indicate
charge status or other relatively basic information. However, more complex interface
mechanisms could be provided in some cases. Alternatively or additionally, the user interface
330 could be embodied remotely, such as at another device of the network 170, at the user
equipment 180 or at the paired device 200. The user interface 330 (whether embodied locally at
the wristband 140, or at another remote location) may further include alarm functionality to
provide notifications and/or alarm signals.

[0038] The wristband 140 may employ or utilize components or circuitry that acts as a
device interface 320. The device interface 320 may include one or more interface mechanisms
for enabling communication with other devices (e.g., paired device 200, the access point 160,
and/or internal components/sensors of the sensor network 220). In some cases, the device
interface 320 may be any means such as a device or circuitry embodied in either hardware, or a
combination of hardware and software that is configured to receive and/or transmit data from/to
components in communication with the processing circuitry 310 via internal communication
systems of the wristband 140. With respect to the wristband 140, the device interface 320 may
further include wireless communication equipment (e.g., a one way or two way radio) for at least
communicating information from the wristband 140 to the access point 160. As such, the device
interface 320 may include an antenna and radio equipment for conducting Bluetooth, WiFi, or
other short range communication with the access point 160 and/or paired device 200, or for
employing other longer range wireless communication protocols for communicating with the
access point 160 in instances where the access point 160 is directly associated with provision of
access to a wide area network.

[0039] The processor 312 may be embodied in a number of different ways. For example, the
processor 312 may be embodied as various processing means such as one or more of a

microprocessor or other processing element, a coprocessor, a controller or various other
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computing or processing devices including integrated circuits such as, for example, an ASIC
(application specific integrated circuit), an FPGA (field programmable gate array), or the like. In
an example embodiment, the processor 312 may be configured to execute instructions stored in
the memory 314 or otherwise accessible to the processor 312. As such, whether configured by
hardware or by a combination of hardware and software, the processor 312 may represent an
entity (e.g., physically embodied in circuitry — in the form of processing circuitry 310) capable of
performing operations according to embodiments of the present invention while configured
accordingly. Thus, for example, when the processor 312 is embodied as an ASIC, FPGA or the
like, the processor 312 may be specifically configured hardware for conducting the operations
described herein. Alternatively, as another example, when the processor 312 is embodied as an
executor of software instructions, the instructions may specifically configure the processor 312
to perform the operations described herein.

[0040] In an example embodiment, the processor 312 (or the processing circuitry 310) may
be embodied as, include or otherwise control the operation of the wristband 140 based on inputs
received by the processing circuitry 310. As such, in some embodiments, the processor 312 (or
the processing circuitry 310) may be said to cause each of the operations described in connection
with the wristband 140 in relation to operation the wristband 140 relative to undertaking the
corresponding functionalities associated therewith responsive to execution of instructions or
algorithms configuring the processor 312 (or processing circuitry 310) accordingly.

[0041] In an exemplary embodiment, the memory 314 may include one or more non-
transitory memory devices such as, for example, volatile and/or non-volatile memory that may
be either fixed or removable. The memory 314 may be configured to store information, data,
applications, instructions or the like for enabling the processing circuitry 310 to carry out various
functions in accordance with exemplary embodiments of the present invention. For example, the
memory 314 could be configured to buffer input data for processing by the processor 312.
Additionally or alternatively, the memory 314 could be configured to store instructions for
execution by the processor 312. As yet another alternative or additional capability, the memory
314 may include one or more databases that may store a variety of data sets responsive to input
from the paired device 200, or any other functional units or devices from which the wristband
140 has previously extracted/received/generated data while paired with the paired device 200.

Among the contents of the memory 314, applications may be stored for execution by the

12
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processor 312 in order to carry out the functionality associated with each respective application.
In some cases, the applications may include instructions for extraction of data from the paired
device 200 and/or from the sensor network 220. Additionally or alternatively, the applications
may include instructions for the reporting and/or processing of such information along with
information generated locally at the wristband 140.

[0042] In some embodiments, the processing circuitry 310 may be configured to enable the
wristband 140 to receive and analyze the operation information and the operator information to
facilitate execution of the operational control functions. However, in other cases, the processing
circuitry 310 may simply relay such information to the network 170 and/or user equipment 180
and any operational control functions may be performed based on instructions received from the
network 170 and/or the user equipment 180. The operational control functions may include
safety related functions such as, for example, providing alarms, notifications or other indications
when certain situations are detected. For example, when the operator is within a predetermined
distance of other users, when the user has a heart rate above a predetermined threshold that may
indicate distress or an accident, when a manual distress call is made, when vibration or noise is at
levels above standard or legal limits, or when an unauthorized user is attempting to use the
device. Productivity related actions may also be taken. For example, a service indication
linkage may be provided between the operator and the product to continuously monitor for when
service should be done without returning the product to the workshop or garage. As another
example of productivity related actions, optimization and/or product use recommendations may
be provided (e.g., via the display 150) based on working data collections. In other situations,
anti-theft actions may be taken including alarming or immobilizing equipment when an
unauthorized user is detected, or when the device is removed from proximity to the wristband
140. The pairing process may also allow for product check in/out to be accomplished in a simple
way, and to log users who use the product. GPS positioning of authorized operators (e.g.,
operators wearing wristbands and having qualification to operate a given device) may also be
accomplished to determine when an authorized operator is nearby and should be called to take
over or work on an important job. The wristband 140 may also allow linkage to a cell phone or
the internet to allow tethering in certain cases.

[0043] As can be appreciated from the example embodiments above, some embodiments

may provide a wristband 140 that can provide operational control functions at a paired device.
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However, the execution of the operational control functions may take numerous different forms.
FIGS. 3-5 illustrate various example control flow diagrams illustrating a series of
communication operations associated with operation of the wristband 140 of an example
embodiment. As shown in FIG. 3, the wristband 140 may initially detect the paired device 200
in proximity (or vice versa) and pairing information (e.g., identifying information identifying the
operator) may be provided to the paired device 200 thereafter at operation 402. In some cases,
the wristband 140 may have the specific identity of the operator, or may provide an operator
classification code (e.g., indicating an authorization or training level) as the identifying
information. The paired device 200 may determine whether the identifying information
authenticates to enable startup or operation of the paired device at operation 404. If the operator
is authorized to use the device, the operator may be allowed to execute a startup or otherwise
operate the paired device 200 at operation 406. Operation information may then be provided to
the wristband 140 at operation 408 on a continuous, periodic or event-driven basis. Thereafter, if
the operation information, or operator information detected locally at the wristband 140, is such
that a trigger event is detected at operation 410, then an operational control function may be
initiated at operation 412. In some cases, information may be relayed on to an entity of the
network 170 or to the user equipment 180 at operation 414.

[0044] In an example embodiment, an entity of the network 170, or the user equipment 180,
may take a more active role in operations in accordance with an example embodiment. For
example, as shown in FIG. 4, the wristband 140 and paired device 200 may execute pairing by
any suitable method at operation 500. The paired device 200 may then communicate operation
information to the wristband 140 at operation 502. Simultaneously (or in any order), the
wristband 140 may receive operator information at operation 504. The operator information
and/or operation information may then be relayed to the user equipment 180 or an entity at the
network 170 at operation 506. The occurrence of an event trigger may then be detected at the
user equipment 180 or the entity at the network 170 at operation 508. Thereafter, at operation
510, an operational control function may be provided to the paired device 200 via the wristband
140.

[0045] FIG. 5 illustrates an example in which a protective action is taken in accordance with
an example embodiment. As shown in FIG. 3, the wristband 140 may initially detect the paired

device 200 in proximity (or vice versa) and pairing information (e.g., identifying information
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identifying the operator, individually or by classification/qualification) may be provided to the
paired device 200 thereafter at operation 502. As mentioned above, the wristband 140 may have
the specific identity of the operator, or may provide an operator classification code (e.g.,
indicating an authorization or training level) as the identifying information. Alternatively, an
RFID or other code reader may read a code provided by the wristband 140. The paired device
200 may attempt to determine whether the identifying information authenticates and, in this
example, the authentication fails at operation 604. The paired device 200 may be actively or
passively disabled/immobilized at operation 606. In other words, some action may actively be
taken to prevent the paired device 200 from being operated or moved. Alternatively, the paired
device 200 may simply not be enabled to operate or move in an example in which passive
disabling/immobilization is employed. In some cases, the paired device 200 may further inform
the wristband 140 of the failure at operation 608. The wristband 140 may issue an alarm or
notification at operation 610. This may let the wearer of the wristband 140 know that a problem
has occurred, so that corrective action can be taken. In some cases, the wristband 140 may
further notify the user equipment 180 or an entity at the network 170 at operation 612. If a theft
situation is applicable, authorities can be informed or other corrective action can be taken.
[0046] Accordingly, in one example embodiment, a wearable device is provided. The
wearable device may be configured to be worn by an operator of outdoor power equipment may
include processing circuitry having a processor and memory. The processing circuitry may be
configured to communicate with a paired device during operation of the paired device over a first
communication link. The processing circuitry may be further configured to provide an
operational control function associated with operation of the paired device.

[0047] In some cases, modifications or amplifications may further be employed as optional
alterations or augmentations to the description above. These alterations or augmentations may
be performed exclusive of one another or in any combination with each other. In some cases,
such modifications or amplifications may include (1), the wearable device further including one
or more sensors configured to determine operator information. In such an example, the operator
information may be a basis for the operational control function. In an example embodiment (2),
the operator information may include measured physiological parameters of the operator. In
some cases (3), the operator information may include vibration data or noise level measurement

data. In some embodiments (4), operation information may be provided to the wearable device
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via the first communication link. In such an example, the operation information may be
descriptive of parameters associated with the operation of the paired device. In an example
embodiment (5), the operation information may include run time of the paired device, a number
of on-off cycles of the paired device, GPS positioning of the wearable device, service data, or
working data of the paired device. In some embodiments (6), the service data or working data
provides a basis for the operational control function that may include providing operator
feedback to improve operator productivity, providing an indication of service due, or initiating a
safety related protective function. In some cases (7), the operational control function may
include enabling or disabling operation of the paired device. In an example embodiment (8), the
enabling or disabling of the paired device may be performed based on provision of identifying
information of the operator to the paired device. In some cases (9), the operational control
function may further include providing an alarm, locally or remotely, or immobilizing the paired
device based on the identifying information. In some embodiments (10), the operational control
function may include restricting one or more operational features of the paired device. In some
cases (11), the wearable device may include a display configured to display operation
information or operator information. In an example embodiment (12), the wearable device may
include a function button configured to enable the operator to interface with the wearable device.
In some cases (13), a distress signal is communicable to a network entity via a second
communication link responsive to operation of the function button. In some embodiments (14),
the wearable device is configured to wirelessly communicate with a network entity via a second
communication link. In an example embodiment (15), the wearable device is configured to pair
with a selected one of a plurality of different devices of the same type or of different device
types.

[0048] In an example embodiment, some, any or all of modifications/amplifications (1) to
(15) may be employed in any combination with each other.

[0049] Many modifications and other embodiments of the inventions set forth herein will
come to mind to one skilled in the art to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore, it is to
be understood that the inventions are not to be limited to the specific embodiments disclosed and
that modifications and other embodiments are intended to be included within the scope of the

appended claims. Moreover, although the foregoing descriptions and the associated drawings
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describe exemplary embodiments in the context of certain exemplary combinations of elements
and/or functions, it should be appreciated that different combinations of elements and/or
functions may be provided by alternative embodiments without departing from the scope of the
appended claims. In this regard, for example, different combinations of elements and/or
functions than those explicitly described above are also contemplated as may be set forth in some
of the appended claims. In cases where advantages, benefits or solutions to problems are
described herein, it should be appreciated that such advantages, benefits and/or solutions may be
applicable to some example embodiments, but not necessarily all example embodiments. Thus,
any advantages, benefits or solutions described herein should not be thought of as being critical,
required or essential to all embodiments or to that which is claimed herein. Although specific
terms are employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.
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THAT WHICH IS CLAIMED:

L. A wearable device configured to be worn by an operator of outdoor power
equipment, the wearable device comprising:

processing circuitry comprising a processor and memory, the processing circuitry being
configured to communicate with a paired device during operation of the paired device over a first
communication link, the processing circuitry being further configured to provide an operational

control function associated with operation of the paired device.

2. The wearable device of claim 1, further comprising one or more sensors
configured to determine operator information, wherein the operator information is a basis for the

operational control function.

3. The wearable device of claim 2, wherein the operator information comprises at

least one measured physiological parameter of the operator.

4. The wearable device of claim 2, wherein the operator information comprises

vibration data or noise level measurement data.

5. The wearable device of claim 1, wherein operation information is provided to the
wearable device via the first communication link, the operation information being descriptive of

parameters associated with the operation of the paired device.

6. The wearable device of claim 5, wherein the operation information comprises run
time of the paired device, a number of on-off cycles of the paired device, GPS positioning of the

wearable device, service data of the paired device, or working data of the paired device.

1. The wearable device of claim 6, wherein the service data or working data
provides a basis for the operational control function comprising providing operator feedback to
improve operator productivity, providing an indication of service due, or initiating a safety

related protective function.
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8. The wearable device of claim 1, wherein the operational control function

comprises enabling or disabling operation of the paired device.

9. The wearable device of claim 8, wherein the enabling or disabling of the paired
device is performed based on provision of identifying information of the operator to the paired

device.

10. The wearable device of claim 9, wherein the operational control function further
comprises providing an alarm, locally or remotely, or immobilizing the paired device based on

the identifying information.

11. The wearable device of claim 1, wherein the operational control function

comprises restricting one or more operational features of the paired device.

12. The wearable device of claim 1, wherein the wearable device comprises a display

configured to display operation information or operator information.

13. The wearable device of claim 1, wherein the wearable device comprises a

function button configured to enable the operator to interface with the wearable device.

14. The wearable device of claim 13, wherein a distress signal is communicable to a

network entity via a second communication link responsive to operation of the function button.

15. The wearable device of claim 1, wherein the wearable device is configured to

wirelessly communicate with a network entity via a second communication link.

16. The wearable device of claim 1, wherein the wearable device is configured to pair

with a selected one of a plurality of different devices of the same type or of different device

types.
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17. An outdoor power equipment device comprising:

a motor;

a working element operably coupled to the motor to be powered by the motor; and

communications circuitry configured to communicate with a wearable device worn by an
operator of the outdoor power equipment device over a communication link,

wherein the wearable device provides an operational control function associated with

operation of the outdoor power equipment device.

18. The outdoor power equipment device of claim 17, wherein the operational control

function comprises enabling or disabling operation of the outdoor power equipment device.

19. The outdoor power equipment device of claim 18, wherein the enabling or
disabling of the outdoor power equipment device is performed based on provision of identifying

information of the operator to the outdoor power equipment device.

20. The outdoor power equipment device of claim 19, wherein the operational control
function further comprises providing an alarm, locally or remotely, or immobilizing the outdoor

power equipment device based on the identifying information.

21. A system comprising:

a wearable device configured to be worn by an operator of outdoor power equipment; and

a paired device configured to be paired with the wearable device via wireless
communication over a first communication link, the paired device comprising a motor, a
working element powered by the motor, and communication circuitry configured to
communicate over the first communication link,

wherein the wearable device comprises processing circuitry configured to communicate
with the paired device during operation of the paired device over the first communication link,
the processing circuitry being further configured to provide an operational control function

associated with operation of the paired device.
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22. The system of claim 21, further comprising a network and user equipment
operably coupled to the network, wherein the wearable device is configured to wirelessly

communicate with the network and the user equipment via a second communication link.

21



WO 2017/151045 PCT/SE2017/050188

1/5
110 180\

100 User
Equipment

170

Access Point




WO 2017/151045

2/5

/—140

PCT/SE2017/050188

D

310 ~
314\ 312\ 330
PROCESSOR USER
MEMORY |q— p
% |INTERFACE
PROCESSING CIRCUITRY A
‘ /320
DEVICE INTERFACE  te—
X i
r———=-=-= v |
l |
- : SENSOR :
ACCESS NETWORK
N “roi : 1/_
e
Y
170 DEVICE
/— 210
ECU
a 200
UE /— 230
180 A COMM. CKTY

FIG. 2

220



WO 2017/151045 PCT/SE2017/050188
3/5
200 140 o
PEVICE WRISTBAND ENTITYIUE
/400

Ve

‘y

Detect paired device
in proximity

404

Identifying information
authenticates

406
/—

( Execute startup

J

412

\&

410
/-

[ Detect trigger ]

FIG. 3




WO 2017/151045 PCT/SE2017/050188

4/5
170/
/— 200 /— 140 /— 180
PAIRED NETWORK
DEVICE WRISTBAND ENTITY/UE
500
/—
[ Wristband and device paired ]
\&.
/— 504
Receive operator/
operation information
\Q‘
508
/_

[ Detect trigger j

)/

FIG. 4



WO 2017/151045 PCT/SE2017/050188
5/5
170/
/- 200 /— 140 /— 180
PAIRED NETWORK
DEVICE WRISTBAND ENTITY/UE
600
/—

fails authentication

Edentifying informatior]

Detect paired device
in proximity

‘y

604
/_

606
/o

[ Disable/immobilize J

\Q>

/—610

[

Alarm/notification
provided

FIG. 5

\d‘




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2017/050188

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B25F, GO8C, HO4L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, CHEM ABS Data, COMPENDEX, EMBASE, INSPEC, IBM-

TDB

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 2680093 A2 (BLACK & DECKER INC), 1 January 2014 1, 2, 4-8, 11-18,
(2014-01-01); paragraphs [0001], [0003], [0008], [0016], 21,22

[0017], [0023], [0027], [0052]
Y 3,9,10,19, 20
Y EP 1690648 A2 (MATSUSHITA ELECTRIC WORKS LTD - 9,10, 19, 20

abstract; paragraph [0016]

(A3) PANASONIC ELEC WORKS CO LTD [JP]- (B1)
PANASONIC CORP [JP]), 16 August 2006 (2006-08-16);

& Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«pA” document defining the general state of the art which is not
considered to be of particular relevance

“E”  earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

24-05-2017

Date of mailing of the international search report

24-05-2017

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S$-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Erik Westin

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2017/050188
C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 20150340891 A1 (FISH RAM ET AL), 26 November 2015 |3

(2015-11-26); paragraphs [0003], [0030], [0031], [0036], [0037]

US 20140184397 A1 (VOLPERT DIETER [US]), 3 July 2014
A (2014-07-03); abstract 1-22

US 20120319846 A1 (ROGERS LEIF), 20 December 2012
A (2012-12-20); abstract 1-22

CN 204807959 U (POSITEC POWER TOOLS SUZHOU CO),
A 25 November 2015 (2015-11-25); abstract 1-22

Form PCT/ISA/210 (continuation of second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2017/050188

Continuation of: second sheet
International Patent Classification (IPC)
G08C 17/02 (2006.01)

B25F 5/00 (2006.01)
HO4L 9/32 (2006.01)

Form PCT/ISA/210 (extra sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/SE2017/050188

2680093 A2
1690648 A2

01/01/2014
16/08/2006

20140107853 A1
2882920 Y
1817570 A

100423909 C
2006218575 A
4678199 B2

20060179473 A1

7784104 B2

2938466 B1
9367062 B2
2014106140 A1

17/04/2014
28/03/2007
16/08/2006
08/10/2008
24/08/2006
27/04/2011
10/08/2006
24/08/2010

22/02/2017
14/06/2016
03/07/2014

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	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 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

