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APPARATUS AND METHOD FOR PROVIDING CONDITION-BASED
VIBROTACTILE FEEDBACK

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Application No.
61/049,8086, filed on May 2, 2008, and entitled "Toothbrush with Brush Stroke
Monitoring System," which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] The present disclosure generally relates to sensing conditions and providing
alerts in response to those sensed conditions and more particularly to sensing time-
based conditions and in some applications, providing vibrotactile feedback in
response thereto.

BACKGROUND
[0003] There are many benefits to practicing proper dental hygiene. By
brushing one's teeth, flossing, and using antiseptic mouthwash, a person can
help prevent tooth decay, maintain fresh breath, and reduce unpleasant visits
with an endodontist or oral surgeon. It is recommended that people brush their
teeth twice a day for about two minutes each session. Other recommendations
include making regular visits to the dentist and periodically replacing old
toothbrushes. However, because of various reasons, people do not always follow
these guidelines for proper dental hygiene and might experience problems as a
result. '
[0004] Over the years, toothbrush manufacturers have made many changes in the
designs of toothbrushes. Generally, the design of a toothbrush does not
greatly impact the quality of the dental care offered to a user. Thus, the
choice of toothbrushes is mainly a matter of personal preference. Electric
toothbrushes provide an additional choice in the selection of dental care. One
advantage of

1
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electric toothbrushes is that they provide the needed movement of the brushing
bristles and they do the work for the user in this regard. Some drawbacks with
respect to electric toothbrushes can be the higher cost versus regular toothbrushes
and the added responsibility of maintaining fresh batteries to power the device
although rechargeable options do exist.

[0005] The various designs and features of toothbrushes not only provide a
marketing opportunity for the manufacturers, but also the toothbrush features may be
used as a motivation for people to take better care of their teeth. Additionally, since
it can be particularly challenging at times to teach and motivate children to practice
adequate dental hygiene, toothbrush manufacturers sometimes add an element of
entertainment in the teeth brushing routine.

[0006] With particular reference to the guideline that a person should brush for a
time of two minutes, timers can be used to alert the user when the time has expired.
However, depending on the speed that people brush their teeth, two minutes might
not be long enough to adequately brush the entire mouth or it might be more than
enough time. Some of the more expensive electric toothbrushes have been
designed with a built-in timer and an alarm for indicating when a predetermined time
expires. The higher cost of these electric toothbrushes can discourage some people
from purchasing these types.

[0007] Further, conventional alarms for such toothbrushes, and other devices,
generally, may not be sufficient to effectively alert the users of these devices, when
motion, or other condition, is sensed. Users of such devices may not perceive the
alarm particularly when operating in hectic environments, (e.g., bathrooms on
weekday mornings, emergency rooms, etc.), and/or when bombarded with

competing audio and/or visual stimuli.

SUMMARY
[0008] The present disclosure describes systems and methods for monitoring

motion parameters of an object manipulated by a user. In some embodiments, for
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example, the object to be monitored is a toothbrush comprising a handle and
bristles, where the bristles have first ends that are supported at one end of the
handle. The toothbrush also includes a monitoring mechanism incorporated in the
handle. The monitoring mechanism monitors a plurality of brush strokes that a user
executes with the toothbrush.

[0009] The present disclosure describes apparatus and methods for providing
feedback in response to a sensed condition. In some embodiments, the sensed
condition is one or more motion parameters. In some embodiments, the sensed
condition is time. In some embodiments, the feedback is vibrotactile feedback. In
some embodiments, the apparatus includes a condition sensor that provides an
output in response to the sensed condition and a vibrotactile device that receives the
output and provides a haptic output in response to the received output from the
condition sensor.

[0010] The present disclosure describes apparatus and method for providing
vibrotactile feedback in response to expiration of at least one time period. In some
embodiments, an apparatus includes a housing. The apparatus also includes a timer
coupled to the housing that measures at least one time period and provides a timer
output on expiration of the at least one time period. The apparatus also includes a
vibrotactile device that receives the timer output and provides a haptic output in
response to the received timer output.

[0011] Other features, advantages, and implementations of the present disclosure,
not expressly disclosed herein, will be apparent to one of ordinary skill in the art
upon examination of the following detailed description and accompanying drawings.
It is intended that such implied implementations of the present disclosure be

included herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The components of the following figures are illustrated to emphasize the

general principles of the present disclosure and are not necessarily drawn to scale.
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Reference characters designating corresponding components are repeated as
necessary throughout the figures for the sake of consistency and clarity.

[0013] FIG. 1 is an illustration of a toothbrush having a brush stroke monitoring
system according to one embodiment.

[0014] FIG. 2 is a block diagram of the brush stroke monitoring system shown in
FIG. 1 according to one embodiment.

[0015] FIG. 3 is a flow chart illustrating a method for monitoring brush strokes
according to one embodiment.

[0016] FIG. 4 is a block diagram of a condition sensing system according to various
embodiments.

[0017] FIG. § is a block diagram of a time sensing system according to various
embodiments.

[0018] FIG. 6 is an illustration of a bag mask valve having vibrotactile feedback
according to various embodiments.

[0019] FIG. 7 is an illustration of a physical therapy or exercise system having

vibrotactile feedback according to various embodiments.

DETAILED DESCRIPTION
[0020] Conventional tooth brushing guidelines recommend that people brush their
teeth for two minutes each time they brush. However, since brushing techniques
can differ from person to person, two minutes may not be long enough for some
people while two minutes may be more than enough. The present disclosure
describes systems and methods for monitoring motion characteristics of a toothbrush
during use. Any parameter or combination of parameters associated with motion,
such as vibration, oscillation, rotation, acceleration, force, velocity, change of
direction, etc., can be sensed. By summing each motion component, a total
accumulation of motions can be determined to monitor the amount of motion that the
user exerts on the toothbrush while brushing. The systems and methods of the

present disclosure can then determine when the amount of brushing has reached a

-4.



WO 2009/135221 PCT/US2009/042751

predetermined threshold. This threshold can be established based on brushing time
guidelines in addition to an average brushing speed. However, since brushing
speed may differ from one user to another, the user of the toothbrush as described in
the present disclosure is given an indication when an adequate brushing threshold
has been reached, which is based on motion of the toothbrush and not necessarily
based on time.

[0021] The examples described in the present disclosure relate to toothbrushes and
measuring brush strokes. However, it should be understood that the teachings of
the present disclosure might also encompass other devices or tools that are used in
a repetitive manner for a certain duration. Instead of simply measuring time to
determine if a task has been completed adequately, the present disclosure describes
systems and methods for measuring vibrations, oscillations, strokes, or forces
related to these motions that a user exerts on the device or tool. In addition to
toothbrushes, the systems and methods described herein may also apply to other
suitable devices, tools, or instruments -- such as, for example, painting, staining, or
polishing devices; scrubbing, washing, cleaning, or waxing devices; massage
therapy devices; mixing devices; etc. Other advantages will become apparent to one
of ordinary skill in the art from an understanding of the present disclosure.

[0022] FIG. 1 illustrates a view of an embodiment of a toothbrush 10. In this
implementation, toothbrush 10 includes a handle 12, head 14, bristles 16, and a
brush stroke monitoring system 18. Handle 12 and head 14 may form one unitary
body that supports first ends of bristles 16 in head 14 such that the other ends of
bristles 16 are oriented away from head 14. Handle 12, head 14, and bristles 16
may include any suitable form or design and may even include forms or designs
similar to conventional toothbrushes. In contrast to conventional toothbrushes,
however, toothbrush 10 of the present disclosure further includes brush stroke
monitoring system 18, which can be at Iea‘st‘partilally positioned within handle 12,

such as at one end of handle 12 as is shown in FIG. 1.
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[0023] Brush stroke monitoring system 18 is configured to detect motion of
toothbrush 10. When a user provides a motion, such as vibration or oscillation
forces, to toothbrush 10 in a normal brushing motion, brush stroke monitoring system
18 detects this motion. Brush stroke monitoring system 18 may be configured to
detect changes in force, acceleration, or other parameter caused by a directional
change of toothbrush 10. To monitor motion, brush stroke monitoring system 18
may include any suitable detection device. In some embodiments, brush stroke
monitoring system 18 may monitor motion along more than one axis. Brush stroke
monitoring system 18 may also monitor rotational motion about one or more axes.
Although not shown specifically in FIG. 1, brush stroke monitoring system 18 may
include a device for indicating to the user when the total amount of brushing motions
is sufficient

[0024] FIG. 2 is a block diagram illustrating an embodiment of the brush stroke
monitoring system 18 shown in FIG. 1. Regarding embodiments in which brush
stroke monitoring system 18 is supported on a device, tool, or instrument other than
toothbrush 10, as suggested above, brush stroke monitoring system 18 can be
configured to measure any suitable parameter related to motion of the particular
device. Other modifications can be made, as would be understood by one of
ordinary skill in the art, to measure and analyze different aspects of motions based
on the type of device being manipulated and how it is intended to be manipulated.
When a device is moved in a predictable and repetitive manner, an accumulation of
each measured motion parameter is calculated to determine when a threshold is
reached. Depending on the particular device and application, the threshold value
may be set as needed for allowing an optimum or recommended motion of the
device.

[0025] In the embodiment shown in FIG. 2, brush stroke monitoring system 18
includes a motion sensing device 20, a processing device 22, and an alerting device
24. Motion sensing device 20 detects motion of toothbrush 10 caused by the user

manipulating toothbrush 10, and more particularly may detect motion only in a
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regular brushing pattern, e.g. moving head 14 side to side. In some embodiments,
processing device 22 can be configured to detect the completion of a single stroke
(e.g. from up to down) or an entire stroke cycle (e.g., from up to down and back to
up). When used in this manner, processing device 22 is associated with or includes
a counter that is configured to count the number of strokes or stroke cycles to
determine when a predetermined threshold is reached. For example, if a threshold
is set at 500 strokes, then processing device 22 determines when toothbrush 10 has
been manipulated in a way to brush the user's teeth for 500 strokes.

[0026] In other embodiments, processing device 22 may be configured to detect the
force of the strokes or even the length or distance of the strokes, depending on the
application. By analyzing the physics of the motion, calculations can be made to
determine the manner in which strokes of toothbrush 10 are exerted. Stroke force or
stroke length can be calculated for each individual stroke, and then using a summing
device, which can be included in or associated with processing device 22,
processing device 22 can sum the values to obtain an accumulated total. Threshold
values can be set for a total stroke force or total stroke length as necessary. When
the accumulative total reaches a predetermined threshold, processing device 22
determines that the user has brushed for an adequate amount. It should be noted
that the thresholds associated with these embodiments are not evaluated with units
of time, i.e., seconds or minutes, but rather are evaluated with units related to a
count number or an accumulative total amount.

[0027] When it is determined that the threshold is reached, processing device 22
instructs alerting device 24 to send an alert to the user indicating that the threshold
has been reached. The user may then discontinue the motion activity, i.e., brushing.
Alerting device 24 may include any suitable combination of sensory outputs for
stimulating one or more of the user's senses. For example, alerting device 24 may

include a visual indicator, such as a light emitting diode (LED) or other illumination

device. Alerting device 24 may include an audible indicator, such as a buzzeror =

other audio device. In other embodiments, alerting device 24 may include a
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vibrotactile device for providing a temporary haptic output. In still other
embodiments, alerting device 24 may include a device for releasing a distinct scent
that the user can smell or a distinct taste that can be applied to the bristles.

[0028] Brush stroke monitoring system 18 may further include one or more input
devices allowing the user to input commands. For example, the input devices may
include a button, switch, or other entry device that instructs processing device 22 to
reset all counters or accumulating storage devices to zero. When reset, brush stroke
monitoring system 18 can begin a new session, e.g., a new teeth brushing session.
Input devices may further include an on/off switch. In other embodiments,
processing device 22 may detect when toothbrush 10 is inactive for a certain length
of time. When inactive, processing device 22 may turn power off, for embodiments
requiring power, and/or may reset all summing devices to zero.

[0029] In some embodiments, processing device 22 may be associated with
memory that is configured to store information, data, instructions, and/or software
code. The memory may include any combination of volatile memory, such as
random access memory (RAM), dynamic RAM (DRAM), etc., and/or non-volatile
memory, such as read only memory (ROM), electrically erasable programmable
ROM (EEPROM), flash memory, etc.

[0030] Memory can also be configured to store program code that enables
processing device 22 to execute procedures to analyze and process the motion
parameters. Various logical instructions or commands may be included in program
code for processing motion parameters. The motion parameter processing program
of the present disclosure can be implemented in hardware, software, firmware, or a
combination thereof. When implemented in software or firmware, the motion
parameter processing program can be stored in memory and executed by
processing device 22. When implemented in hardware, the motion parameter
processing program can be implemented in processing device 22 using discrete logic
circuitry, an application specific integrated circuit (ASIC), a programmable gate array
(PGA), a field programmable gate array (FPGA), etc., or any combination thereof.

-8-
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[0031] Specific embodiments of motion sensing device 20 are described here. In a
first embodiment, motion sensing device 20 may be configured as an accelerometer.
The accelerometer detects the changes in velocity caused by forces acting on the
device being monitored. The detected forces (and/or accelerations) can be used in
an accumulative manner to sum the total forces that have been applied. In other
embodiments, the accelerometer may simply detect when the direction of the motion
changes signs, indicating a change in direction of the monitored device. A detected
change of direction is further indicative of the end of one stroke and the beginning of
another. When used in this way, processing device 22 may include a counter for
counting the number of direction changes, i.e., strokes. From one direction change
to the next direction change can be considered, for example, as one stroke or half of
a stroke cycle.

[0032] Regarding a second embodiment, motion sensing device 20 may be
configured as a combination of at least one magnetic element and at least one
electrical element. For example, the combination may include a stationary electrical
coil surrounding a magnetic rod that is allowed to move along the axis formed by the
coil. In this embodiment, movement of the device causes the moveable magnetic
rod to move in a direction within the coil that results in an electrical current flowing
through the coil. When the device is moved in the opposite direction, the magnetic
rod moves within the coil in the opposite direction resulting in a current flow through
the coil in the opposite direction. To allow the total current produced in this way to
be monitored, motion sensing device 20 may further include a full-wave rectifier for
providing only the magnitude of the currents without the positive or negative signs.
[0033] Processing device 22 in this particular embodiment may include at least a
capacitor that is charged up by the current flow. Processing device 22 may further
include a charge sensing device for detecting when the capacitor has reached a
certain threshold. When the threshold is reached, capacitor is discharged through

alerting device 24. It should be noted that this embodiment does not require the use
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of a power source since the capacitor is charged up using current generated by the
user’'s motion.

[0034] In yet another embodiment of motion sensing device 20, a “ball in a cage”
configuration can be used. In this implementation, a miniature ball is formed inside a
miniature cage having contacts for detecting where the ball is located within the
cage. When motion of the device causes the ball to roll or bounce to another side of
the cage, the respective contacts detect its position. From these detections, the
forces acting on the ball in the cage can be computed. With the forces computed,
processing device 22 can sum the forces to determine when a total threshold is
reached. According to other embodiments, processing device 22 may include a
counter to count the number of direction changes, which is therefore indicative of the
number of strokes or vibrations. In other implementations, processing device 22
uses a capacitor that is charged up in response to the detected force to determine an
accumulative total force.

[0035] Motion sensing device 20, according to other embodiments, may be
configured as a force sensor for sensing the force of toothbrush strokes. In this
regard, the force sensor can include a piezoelectric element. At the same time, the
piezoelectric element may also be configured to include an electrical generator for
providing power to processing device 22, so as to both sense force and generate
power. In some embodiments, the force sensor may receive force directly or
indirectly from bristles 16 when they are in contact with the user’s teeth. The force
sensor may therefore be configured to sense force on bristles 16 in a number of
directions, e.g. longitudinal (compression) force, lateral force, or other possible
forces. With respect to these embodiments in which motion sensing device 20
includes a force sensor, processing device 22 may be configured to sense an
accumulative force that has been applied to the teeth during the brushing session
and alert the user when the total force reaches a predetermined threshold value.
[0036] FIG. 3 is a flow chart illustrating an embodiment of a method for handling

aspects of motion that a user physically exerts on an object. As indicated in block
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30, summing devices, which are configured either to count a number of strokes or to
sum an accumulative total amount of a particular motion parameter, are reset and/or
initialized. As indicated in block 32, a parameter related to the motion of an object is
sensed. The sensed motion parameter can be detected by any suitable type of
detection device capable of sensing vibration, oscillation, rotation, acceleration, or
other parameter related to motion or change of motion. In some embodiments, the
sensed motion parameter can be converted to an electrical signal if necessary.
[0037] As indicated in block 34, the motion parameter that is sensed in block 32 is
summed with previously sensed motion parameters. This summation procedure
creates a running total or accumulative amount associated with the motion
parameter being sensed. The motion parameter may include a count of the number
of strokes that the user exerts on the object. In other embodiments, the motion
parameter being sensed may be a stroke force or stroke length, wherein an
accumulation of forces or lengths is summed in block 34. In some embodiments, the
accumulation may involve the building up of an electrical charge, such as for
charging up a capacitor.

[0038] As indicated in decision block 36, it is determined whether or not the sum has
reached a predetermined threshold. When it is determined that the threshold has
not been reached, the method flows back to block 32 to continue sensing additional
components of the motion parameter. Eventually, when it is determined in block 36
that the threshold is reached, the method proceeds to block 38, which suggests that
an alert is generated to notify the user that the threshold has been reached. In
embodiments involving the detection of toothbrush usage, the alert is provided to
indicate to the user that the current brushing session has adequately provided
sufficient brushing to the user’s teeth and that the user may stop brushing.

[0039] In some environments, video and/or audio alerts associated with various
devices may not be sufficient to bring a sensed condition to the attention or within
the perception of a user such devices. Weekday morning bathrooms, especially in

households with multiple children or in dormitories, can be hectic environments.
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Emergency rooms, trauma centers, ambulances, accident scenes, and other
emergency environments are often chaotic and highly charged. Physical therapy or
other exercise environments can be stressful on one hand and boring on the other.
In each of these environments, various forms and magnitudes of audio and visual
stimuli from multiple sources may bombard a user in ways that make otherwise
simple tasks difficult. Variations of these environments may be adrenalin charged in
ways that the user actually blocks or is otherwise unable to perceive or discern
certain stimuli. Varitations of these environments may be mind-numbing in ways that
the user becomes lulled into a “zone.” Variations of these environments present
situations where the user is visually, aurally, and/or cognitively constrained.

[0040] For example, and not by way of limitation, in the morning bathroom
environment, a user of a toothbrush may have difficulty appreciating how much time
the user has actually spent brushing their teeth. For example, and not by way of
limitation, in the emergency environment, a user of a bag-valve-mask may have
difficulty counting (or counting at an appropriate rate) between squeezes of the
bladder. For example, and not by way of limitation, in an exercise environment, a
user of exercise equipment may lose track of time, pace, or number of repetitions. In
each of these environments, the user may benefit from a device that provides
vibrotactile feedback to the user in response to a sensed condition. For example,
and not by way of limitation, in a musical environment, a user of a musical
instrument may lose track of time or rhythm, pace, or number of repetitions. In each
of these environments, the user may benefit from a device that provides vibrotactile
feedback to the user in response to a sensed condition.

[0041] FIG. 4 illustrates a device 400 that may be used in various environments
according to various embodiments. Device 400 includes a sensor 410, processing
device and a vibrotactile device 420. Sensor 410 senses one or more parameters
and provides a sensor output indicative of some aspect of such one or more
parameters. Processing device 22 processes the sensor output from sensor 410

and upon an occurrence of one or more conditions associated with the sensor
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output, provides an output to a vibrotactile device 420. Vibrotactile device 420
provides a haptic output (i.e., a haptic effect) to a user of device 400. According to
various embodiments, haptic output may include one or more of eccentric rotating
mass actuators or linear resonant arrays and other haptic effects as would be
appreciated. In some embodiments, the duration of the haptic output may be
adjustable by a user or by processing device 22 based on one or more factors as
would be appreciated. In some embodiments, a magnitude of the haptic output may
be adjustable by a user or by processing device 22 based on one or more factors as
would be appreciated.

[0042] In some implementations of device 400, such as, but not limited to,
toothbrush 10 described above, sensor 410 senses motion and provides a sensor
output to processing device 22 based on the sensed motion. Processing device 22
provides an output to vibrotactile device 420 upon occurrence of a sensed condition,
e.g., when the number of the sensed motions exceeds a threshold, an accumulated
magnitude of the sensed motions exceeds a threshold, or other sensed condition
associated with sensor 410 and/or sensor output. Vibrotactile device 420 responds
to the output from processing device 22 by providing a haptic effect (e.g., vibration or
pulse) to the user via for example, handle 12 of the toothbrush.

[0043] In some implementations of device 400, such as, but not limited to,
toothbrush 10, sensor 410 senses motion and provides a sensor output to
processing device 22 based on the sensed motion. Processing device 22 may
measure a time during which sensor 410 senses motion and provides an output to
vibrotactile device 420 when the measured time exceeds a predetermined threshold,
e.g., two minutes. Processing device 22 may use a timer external to processing
device 22 (not otherwise illustrated) or a timer internal to processing device as would
be appreciated. Vibrotactile device 420 responds to the output from processing
device 22 by providing a haptic effect (e.g., vibration or pulse) to the user via for

example, handle 12 of the toothbrush.
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[0044] FIG. 5 illustrates a device 500 that may be used in vaiivus ciiviuinisine
according to various embodiments. Device 500 corresponds to an exemplary
implementation of device 400 that employs a timer 510. Timer 510 corresponds to
particular sensor 410 that senses or otherwise measures time or parameter(s)
indicative of time as would be appreciated. Device 500 also includes processing
device 22 and vibrotactile device 420. In some embodiments, timer 510 may be
external to processing device 22 as would be apparent. In some embodiments, timer
510 may be internal to or otherwise part of processing device 22 as would be
apparent. In some embodiments, timer 510 provides a timer output corresponding to
at least one time period. In some embodiments, timer 510 provides a timer output
corresponding to a plurality of time periods. In some embodiments, timer 510
provides a periodic time period. In some embodiments, timer 510 provides a time
period that is adjustable by a user or processing device 22. Processing device 22
measures or otherwise receive timer output and provides an output to vibrotactile
device 420 when the measured time exceeds a threshold. In various embodiments,
this threshold may be predetermined, adjustable, and/or user selectable as would be
appreciated. Vibrotactile device 420 responds to the output from processing device
22 by providing a haptic output (e.g., vibration or pulse) to the user. In various
embodiments, the haptic output may be a single haptic output, a plurality of haptic
outputs of similar or different durations, a periodic haptic output and/or other haptic
outputs.

[0045] FIG. 6 illustrates an exemplary implementation of various embodiments of
device 500, namely, a bag-valve-mask 600 with vibrotactile feedback. Bag-valve-
masks may also be referred to as manual ventilators, manual resuscitators, and/or
ambu bags, Typically, conventional bag-valve-masks are used by emergency
personnel to assist a patient with breathing, for example, during cardio-pulmonary
resuscitation. Bag-valve-masks include a mask that is placed over the patient’s nose
and mouth, a bladder, and one or more valves that direct a flow of air from the

bladder to the mask when the bladder is squeezed and that draw fresh air and/or
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oxygen into the bladder when the bladder is released. During resuscitation, the
emergency personnel squeezes the bladder at a prescribed rate (squeezes per
minute) or with a prescribed period (seconds/counts between squeezes). In
emergency environments, the emergency personnel may find maintaining the
prescribed rate or the prescribed period difficult due to multiple audio and/or visual
stimuli from numerous sources.

[0046] Bag-valve-mask 600 may assist emergency personnel with maintaining the
prescribed rate or the prescribed period of actuation during resuscitation. Bag-valve-
mask 600 includes a mask 610, a bladder 620, and a vibrotactile system 630. Bag-
valve-mask 600 includes various valves and may include other conventional
features as would be apparent. In some embodiments, vibrotactile system 630 may
includes timer 510, processing device 22, and vibrotactile device 420. In some
embodiments vibrotactile system may also include sensor 410.

[0047] In operation, vibrotactile system 630 provides a haptic output to the
emergency personnel operating bag-mask-valve 600 at a prescribed rate or with a
prescribed period to indicate that the emergency personnel should actuate the
bladder. In some embodiments, the haptic output is provided to the emergency
personnel via bladder 620. In other words, the emergency personnel perceives or
otherwise feels the haptic output through his/her hand(s) holding bladder 620. The
emergency personnel may be trained to actuate bladder 620 each time they perceive
the haptic output. Bag-valve-mask 600 eliminates a need for the emergency
personnel to count between actuations of bladder 620. The haptic output of
vibrotactile system 630 operates in conjunction with the emergency personnel on a
sensory channel not otherwise overloaded with other stimuli. In some embodiments,
bag-valve-mask 600 includes a sensor that detects when bladder 620 has been
squeezed. In some embodiments, bag-mask-valve 600 includes a sensor that
detects when mask 610 is pressed against a patient's face.

[0048] In some embodiments, vibrotactile system 630 provides a haptic output at a

haptic output rate or with a haptic output period. In some embodiments, the haptic
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output rate may be predetermined, adjustable, and/or programmable. In some
embodiments, the haptic output rate is selectable by the emergency personnel. In
these embodiments, a selectable indicator (not otherwise illustrated) coupled to
vibrotactile system 630 may be used to set the haptic output rate, for example, in
actuations per minutes. The selectable indicator may include, but is not limited to, a
dial, a switch, a pushbutton, or other selectable indicator. In some embodiments, the
selectable indicator may include a visual indication of the haptic output rate. As
would be appreciated, various embodiments may be based on the haptic output
period rather than the haptic output rate.

[0049] In some embodiments, a magnitude of the haptic output provided by
vibrotactile system 630 may be predetermined, adjustable, and/or programmable. In
some embodiments, the magnitude of the haptic output is selectable by the
emergency personnel. In these embodiments, a selectable indicator (not otherwise
illustrated) coupled to vibrotactile system 630 may be used to set the magnitude of
the haptic output. The selectable indicator may include, but is not limited to, a dial, a
switch, a pushbutton, or other selectable indicator. In some embodiments, the
selectable indicator may include a visual indication of the magnitude of the haptic
output.

[0050] In some embodiments where vibrotactile system 630 includes sensor 410,
vibrotactile system 630 may provide the haptic output based in part on the
occurrence of a condition, such as the actuation of bladder 620 sensed by sensor
410. In other words, if vibrotactile system is set to provide a haptic output every 5
seconds, vibrotactile system 630 may provide a haptic output 5 seconds after each
time bladder 620 is actuated, rather than every 5 seconds without regard to bladder
620 being actuated. In these embodiments, sensor 410 provides a sensor output
each time sensor 410 senses bladder being actuated; timer 510 is reset on receiving
the sensor output and provides a timer output once 5 seconds expire; and
vibrotactile device 420 provides a haptic output based on the timer output as would

be appreciated.
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[0051] In some embodiments, vibrotactile system 630 may be provided internally to
bag mask valve 600. In these embodiments, vibrotactile device may be provided
within bladder 620. In some embodiments, vibrotactile system 630 may be provided
externally to bag mask valve 600. In some embodiments, some portions of
vibrotactile system 630 may be provided externally to bag mask valve 600 and some
portions of vibrotactile system 630 may be provided internally to bag mask valve.
[0052] FIG. 7 illustrates an exemplary implementation of various embodiments of
device 400, namely, an exercise strap 700 with vibrotactile feedback. Various
exercise regimens require a number of repetitions, a duration for each repetition, a
magnitude for each repetition, and/or a pace of each repetition. For example, weight
lifters count “reps”; physical therapists specify certain “extensions” and/or “holds”
during rehabilitation of a limb or joint; and runners “pace” their strides. All these
exercise personnel conduct repetitive tasks that may benefit from receiving stimuli, in
the form of a haptic effect, in response to a sensed condition.

[0053] Exercise strap 700 may assist exercise personnel with these repetitive tasks
during exercise. Exercise strap 700 includes a strap 710 and a vibrotactile system
720. In some embodiments, vibrotactile system 720 includes sensor 410, processing
device 22, and vibrotactile device 420. In some embodiments vibrotactile system
720 may also include timer 510.

[0054] In operation, vibrotactile system 720 provides a haptic output to the exercise
personnel wearing or otherwise utilizing exercise strap 700 upon the occurrence of a
sensed condition. In some embodiments, the haptic output is provided to the
exercise personnel via vibrotactile system 720 (or more appropriately, vibrotactile
device 420) in contact with or otherwise proximate to the exercise personnel so that
the exercise feels the haptic output directly from their skin or through their clothing.
[0055] The exercise personnel may be conditioned to “exercise” until they perceive
the haptic output. In some embodiments, vibrotactile system 720 provides a haptic
output on occurrence of a sensed condition. Sensed conditions may include a

flexure or extension of a muscle or limb; a number of such flexures or extensions; a

-17-



WO 2009/135221 PCT/US2009/042751

rate of such flexures or extensions; a duration of such flexures or extension; a period
between such flexures or extensions; and other sensed condition. As described
above, sensor 410 operates in conjunction with processing device 22 to identify an
occurrence of the sensed condition (e.g., a full extension of a limb) or a number of
occurrences of the sensed condition (e.g., ten full extensions of a limb). Processing
device 22 provides an output to vibrotactile device 420 which responds by providing
a haptic output to the exercise personnel.

[0056] In some embodiments, vibrotactile system 720 (and more particularly
vibrotactile device 420) of exercise strap 700 provides a haptic output to the exercise
personnel when a certain number of repetitions of a sensed condition occurs. In
some embodiments, vibrotactile device 420 provides a haptic output to the exercise
personnel each time a full “flexure” or “extension” of a limb occurs, for example. In
these embodiments, a second haptic output perceptively different from a first haptic
output may be provided when a certain number of full “flexures” or “extensions” of
the limb occurs.

[0057] In some embodiments, vibrotactile system 720 provides a haptic output at a
haptic output rate or with a haptic output period. In some embodiments, the haptic
output rate may be predetermined, adjustable, and/or programmable. This may be
advantageous to runners, cyclists or crew members attempting to achieve a desire
pace or consistent stroke.

[0058] Again, as discussed above, in some embodiments, the haptic output rate,
haptic output period, and/or the magnitude of the haptic output may be selectable by
the exercise personnel. In some embodiments, a number of repetitions may be
similarly specified by the exercise personnel.

[0059] In some embodiments not otherwise illustrated, vibrotactile system 720 may
incorporated into or with elements other than strap 710. For example, vibrotactile
system 720 may be incorporated into a watch or heart rate monitor as would be
appreciated.
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[0060] It should be understood that the steps, processes, or operations described
herein may represent any module or code sequence that can be implemented in
software or firmware. In this regard, these modules and code sequences can
include commands or instructions for executing specific logical steps, processes, or
operations within physical components. It should further be understood that one or
more of the steps, processes, and/or operations described herein may be executed
substantially simultaneously or in a different order than explicitly described, as would
be understood by one of ordinary skill in the art.

[0061] The embodiments described herein represent a number of implementation
examples and are not intended to necessarily limit the present disclosure to any
specific embodiments. Instead, various modifications can be made to these
embodiments as would be understood by one of ordinary skill in the art. Any such
modifications are intended to be included within the spirit and scope of the present

disclosure and protected by the following claims.
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What is Claimed:

1. An apparatus comprising:

a housing;

a timer coupled to the housing that measures at least one time period and
provides a timer output on expiration of the at least one time period; and

an alerting device that receives the timer output and provides an alert in

response to the received timer output.
2. The apparatus of claim 1, further comprising:
a sensor coupled to the housing that senses motion associated with the housing

and provides a sensor output based on the sensed motion.

3. The apparatus of claim 2, wherein the timer receives the sensor output, resets the at
least one time period, and provides the timer output on expiration of the reset at least

one time period.

4. The apparatus of claim 1, wherein the timer measures a plurality of time periods and

provides the timer output on expiration of each of the plurality of time periods.

5. The apparatus of claim 4, wherein the timer measures a plurality of substantially

uniform time periods.

6. The apparatus of claim 1, wherein the at least one time period is adjustable.

7. The apparatus of claim 2, wherein the at least one time period is adjustable based

on the sensor output.

-20 -



WO 2009/135221 PCT/US2009/042751

8. The apparatus of claim 1, wherein the at least one time period is selectable by a user.

9. The apparatus of claim 1, wherein the alerting device comprises a vibrotécti,le device, and wherein
the alert comprises a haptic output.

10. The apparatus of claim 2, wherein the alerting device comprises a vibrotactile device, and wherein
the alert comprises a haptic output.

11. The apparatus of claim 10, wherein the housing comprises a handle of a toothbrush.

12, The apparatus of claim 9, wherein the housing comprises a bladder of a bag-valve-mask.

13. The apparatus of claim 10, wherein the housing comprises a bladder of a bag-valve-mask.

14, The apparatus of claim 9, further comprising a strap to which the vibrotactile device is attached
such that when the strap is worn by a user, the user perceives the haptic output.

15. The apparatus of claim 10, further comprising a strap to which the housing is attached such that
when the strap is worn on a limb of a user: the sensor senses motion of the limb, the processor

accumulates counts based on sensed motion of the limb, and the user perceives the haptic output.
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16. An apparatus comprising:

a housing;

a sensor coupled to the housing that senses motion associated with the housing
and provides a sensor output based on the sensed motion;

a processing device that receives the sensor output, that accumulates counts
associated with the sensor output, and that provides an output once a threshold
associated with the accumulated counts is reached; and

a vibrotactile device that receives the output from the processing device and

provides a haptic output in response to the output from the processing device.

17. The apparatus of claim 16, wherein the haptic output is perceptible to a user of the apparatus.

18. The apparatus of claim 16, wherein the counts accumulated by the processing device correspond to

units of time during which the sensor senses motion.

19. The apparatus of claim 16, wherein the counts accumulated by the processing device correspond to

a number of sensed motions.

20. The apparatus of claim 16, wherein the processing device resets the accumulated counts each time
the threshold is reached.

21. The apparatus of claim 16, wherein the threshold is adjustable.

22. An apparatus comprising:
a bag valve mask; and
a vibrotactile system coupled to the bag valve mask, the vibrotactile system

comprising:
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a timer that provides a timer output, and
a vibrotactile device that receives the timer output and that provides
a haptic output in response to the received timer output, wherein the

haptic output is perceptible to a user of the bag valve mask.

23. The apparatus of claim 22, wherein the timer provides a periodic timer output.

24. The apparatus of claim 22, wherein the timer provides an adjustable periodic timer output.

25. The apparatus of claim 22, wherein the timer provides a user-selectably adjustable periodic timer

output.

26. The apparatus of claim 22, wherein the vibrotactile device provides a haptic output with an
adjustable magnitude.

27. The apparams of claim 22, wherein the vibrotactile device provides a haptic output with a user-
selectable magnitude,

28. An apparatus comprising:
a timer that provides a periodic timer output; and
a vibrotactile device responsive to the timer that provides a corresponding
periodic haptic output.

29. The apparatus of claim 28, wherein the periodic timer output is adjustable.

30. The apparatus of claim 28, wherein the periodic timer output is user-selectable,
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31. A toothbrush comprising:

a handle;

bristles having first ends supported at one end of the handle; and

means for monitoring a plurality of brush strokes that a user executes with the
toothbrush;

wherein the monitoring means resides at least partially in the handle.

32. The toothbrush of claim 31, wherein the monitoring means is configured to determine the total
number of executed brush strokes.

33. The toothbrush of claim 31, wherein the monitoring means is configured to monitor an
accumulation of a parameter associated with the plurality of brush strokes.

34. The toothbrush of claim 33, wherein the accumulated parameter is an accumulated number of

changes of acceleration of the plurality of brush strokes.

35. The toothbrush of claim 33, wherein the accumulated parameter is an accumulated length of the
plurality of brush strokes.

36. The toothbrush of claim 31, wherein the monitoring means further comprises means for sensing

mation of the toothbrush.

37. The toothbrush of claim 36, wherein the monjtoting means further comprises:
means for summing a motion parameter associated with the plurality of brush
strokes to obtain a sum; and

means for comparing the sum to a predetermined threshold.
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38. The toothbrush of claim 37, wherein the monitoring means further comprises means for alerting the

user when the sum reaches the predetermined threshold.

39. A motion monitoring system supported by an object and configured to monitor
motion of the object, the motion monitoring system comprising:

a motion sensing device configured to sense a plurality of motion parameters

related to the movement of the object caused by forces exerted on the object by a
user;

a processing device configured to sum the plurality of motion parameters and
to determine when the sum reaches a predetermined threshold; and

an alerting device configured to alert the user when the sum reaches the
predetermined threshold.

40. The motion monitoring system of claim 39, wherein the motion sensing device comprises an

accelerometer.

41. The motion monitoring systern of claim 40, wherein the processing device is configured to detect
when the value of the accelerometer changes signs and is further configured to count the number of
sign changes.

42. The motion monitoring system of claim 39, wherein the motion sensing device comprises a
stationary electrical coil and a magnetic rod that is moveable within the electrical coil.

43. The motion monitoring system of claim 42, further comprising a capacitor that is charged by the
motion sensing device, wherein the processing device determines when the charge on the capacitor

reaches a predetermined threshold.
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44. The motion monitoring system of claim 39, wherein the motion sensing device comprises a ball

positioned in a cage that comprises contacts for detecting the location of the ball within the cage.

45. The motion monitoring system of claim 39, wherein the object is a toothbrush.

46. A method for monitoring motion of an object, the method comprising:
sensing a first motion parameter related to a first rnotion of the object;
sensing a next motion parameter related to a next motion of the object;
summing the next motion parameter with previous motion parameters to obtain a sum;
determining whether the sum has reached a predetermined threshold;
repeating the sensing of the pext motion parameter and sumoming with the previous ‘motion
parameters when the sumn has not reached the predetermined threshold; and
providing an alert signal when the sum has reached the predetermined
threshold.

47. The method of claim 46, further comprising:

resetting the sum before sensing the first motion parameter.

48. The methoed of claim 46, wherein the predetermined threshold is associated with a specific number

of repeated motions.

49. The method of claim 46, wherein the predetermined threshold is associated with a total force

calculated from an accumulation of the motion parameters.

30. The method of claim 46, wherein the predetermined threshold is associated with a total length

calculated from an accumulation of the motion paramcters.
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51. The method of claim 46, wherein the object is a toothbrush.

52. The method of claim 46, wherein providing an alert signal when the sum has reached the
predetermined threshold comprises providing a haptic effect.

53. The motion monitoring system of claim 39, wherein the alerting device configured to alert the user
when the sum reaches the predetermined threshold comprises a vibrotactile device.

27

RECTIFIED SHEET (RULE 91)



WO 2009/135221 PCT/US2009/042751

18

20 MOTION
\_| SENSING

DEVICE

22 Y
\ PROCESSING
DEVICE
24 Y
\ ALERTING
DEVICE

FIG. 2

1/5



WO 2009/135221

NO

Y

30
RESET/INITIALIZE /
SUMMING DEVICES
Y 32
SENSE A PARAMETER ’—/
RELATED TO THE
MOTION OF AN OBJECT
Y
SUM THEMOTION | 34
PARAMETER WITH j
PREVIOUS MOTION
PARAMETERS

HAS THE SUM

REACHED A PREDETERMINED

THRESHOLD?

GENERATE ALERT
THAT THRESHOLD
HAS BEEN REACHED

FIG. 3

2/5

36

PCT/US2009/042751



PCT/US2009/042751

WO 2009/135221

g Old
30IA3d
/1 FULOVLOHEIA
oz
30In3a
/1 ONISSIO0Hd
&4
A dINIL
0lS

005

v Old

JOIN3A
1 3NLOVIOHdIA
ozy
30IA3d
1 ONISSI00Hd
zz
HOSN3S
A
oLy

/

00¥

3/5



WO 2009/135221 PCT/US2009/042751

4/5

SUBSTITUTE SHEET (RULE 26)



WO 2009/135221 PCT/US2009/042751

20

700/

FIG. 7

5/5

 SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No
PCT/US2009/042751

CLASSIFICATION OF SUBJECT MATTER

INV. -G04F1/00 A61C17/22 A61M16/00

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)

G04B GO4C GO4F GO4AG A61H A61M A62B A63B GOIP GOIC A61C

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Cilation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2006/137648 Al (HWANG JIN-SANG [KR]) 1-3,
28 December 2006 (2006-12-28) - 27-37,
41-47
pages 4,7,8,14; figure 1
Y 16,17,
38,39,
48,49
X US 5 544 382 A (GIULIANI DAVID [US] ET AL) 1-5,
13 August 1996 (1996-08-13) 9- 11 ,14,
15,18,
- : 19,26
columns 2-4; figures 1-4
Y 16,17,
48,49
- /__
m Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

which is cited to establish the publication date of another
citation or other special reason (as specified)

*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 meory underlying the

invention
‘E" earlier document but published on or afier the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
“L* document which may throw doubts on priority claim(s) or . 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

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

*O" document referring to an oral disclosure, use, exhibition or ’ document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled -
*P* document published prior to the international filing date but in the art.
later than the priority date cla|med & document member of the same patent famity
Date of the actual completion of the international search ) Date of mailing of the intemational search report
28 July 2009 14/08/2009
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Bream, Philip

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

KEYSTONE ELEC CO LTD [HK])
23 December 1987 (1987-12- 23)
pages 1,2, figures 1,3

PCT/US2009/042751
(_:(Contlnuatlon). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indicalic;m, where appropriate, of the relevant paésages Relevant to claim No.
X US 2003/063011 A1 (ROSEN HOWARD [CA]) 35,36,40
3 April. 2003 (2003-04-03)
pages 1,2
X WO 01/70092 A2 (CPRX LLC [US]) 1,4,5,9,
27 September 2001 (2001-09-27) 10,20-28
pages 1,2,6; figure 1 : A
X AU 637 709 B2 (SWANSON JOHN L) 1,4-8
3 June 1993 (1993-06-03)
pages 2,3,5
X GB 2 424 084 A (MALEKYAZDI NASSER [GB]) 1,4-6,8,
13 September 2006 (2006-09-13) 9,12,
26-28
pages 1,2,4-6; figure 1
Y , 13
X US 2007/070817 Al (FLUEGGE MICHAEL [US]) 1-6,8
29 March 2007 (2007-03-29)
- pages 1,2; figure 1
Y : 13
Y GB 2 191 863 A (KEYSTONE ELEC CO LTD 38,39

Fomm PCT/ISA/210 (continuation of second sheet) (April 2005) '




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/042751
Patent document Publication Patent family Publication

cited in search report - date member(s) date

WO 2006137648 Al 28-12-2006 JP 2008543418 T 04-12-2008
JP 2008544362 T . 04-12-2008
WO 2006137661 Al 28-12-2006
KR 20070054226 A 28-05-2007
US 2009130636 Al 21-05-2009

| US 2009092955 Al 09-04-2009

US 5544382 A 13-08-1996 AT 281093 T ‘ 15-11-2004
AU 694557 B2 23-07-1998
AU 3498695 A 29-03-1996
DE 69533721 D1 09-12-2004
DE 69533721 T2 10-11-2005
EP 0781105 A2 02-07-1997
ES 2231790 T3 16-05-2005
JP 10508765 T 02-09-1998
JP 3907697 B2 18-04-2007
Wo 9608181 A2 21-03-1996

US 2003063011 Al  03-04-2003  NONE

WO 0170092 A2 27-09-2001 AU 4923301 A 03-10-2001
BR 0109401 A 28-12-2004
CA 2403816 Al 27-09-2001
EP 1337292 A2 27-08-2003
JP . 2004509654 T 02-04-2004

AU 637709 B2 03-06-1993 AU 7917091 A 19-09-1991

GB 2424084 A 13-09-2006 GB 2424083 A 13-09-2006

US 2007070817 Al 29-03-2007 NONE

GB 2191863 A 23-12-1987 HK 24090 A 06-04-1990
us 4901569

A 20-02-1990

Form PCT/ISA/210 (patent family annex) (April 2005)




	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 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

