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MULTI-FUNCTIONAL SMART MOBILITY AID DEVICES AND
METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
61/969,385, filed March 24, 2014, titled “MULTIFUNCTIONAL SMART CANE,” which is

herein incorporated by reference in its entirety.

INCORPORATION BY REFERENCE
[0002] All publications and patent applications mentioned in this specification are herein
incorporated by reference in their entirety to the same extent as if each individual publication or

patent application was specifically and individually indicated to be incorporated by reference.

FIELD
[0003] This application relates to enhanced capability mobility aid devices including canes,

walkers, crutches, scooters and wheelchairs.

BACKGROUND
[0004] A variety of different types of mobility aid devices have been described. While some
of these devices have capabilities useful to the person receiving aid, still more capabilities are

needed.

SUMMARY OF THE DISCLOSURE
[0005] In general, in one embodiment, a smart mobility device includes a handle adapted to
be gripped by a user of the smart mobility device; a display built into the handle wherein the
display is visible to the user while the user is gripping the handle; one or more activity tracking
components carried by the smart mobility device for collecting information about the user’s daily
activity; an electronic memory for storing the collected information about the user’s daily
activity; and one or more electronic communication components to transmit the user’s daily

activity from the electronic memory in the smart mobility device to another electronic device.

[0006] This and other embodiments can include one or more of the following features. In one
aspect, the display can include a touch screen. In another aspect, the smart mobility device can
further include a GPS component and including turn-by-turn visual guidance on the display, by
voice output on a speaker on the smart mobility device or by vibration output to the smart
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mobility device user. In a further aspect, the handle can include a gripping sensor used to power
on and power off the smart mobility device when the smart mobility device user grips the
gripping sensor. In an alternative aspect, the one or more electronic components can be a SIM
card, a Wi-Fi communications module or a Bluetooth communications module. In yet another
aspect, the one or electronic communication components can provide communication using a
cellular network, an app push notification, a third party update or a website update. In still
another aspect, in use the smart mobility device user can receive applications and services from a
cloud based software platform via the smart mobility device. In one aspect, in use the smart
mobility device user can order and receive services from a cloud based software platform via the
smart mobility device. In another aspect, in use the smart mobility device user can order and
receive services from a cellular network via the smart mobility device. In a further aspect, in use
the smart mobility device user can receive applications and services from an application store via
the smart mobility device. In an alternative aspect, the one or electronic communication
components can provide for entering user data into the smart mobility device using a smart
device. In yet another aspect, the smart device can be a smartphone, a smart watch, a smart glass,
a tablet, a laptop or a computer. In still another aspect, in use the display can provide information
about the user progress on a game based on user targets. In one aspect, in use the display can
provide information about the result of a social game wherein the user’s activity tracking can be
compared to another user. In another aspect, the memory can contain information about a daily
activity pattern of the smart mobility device user. In a further aspect, the daily activity pattern
can be a notification for the smart mobility device user’s medication schedule. In an alternative
aspect, the notification can be sent automatically from the smart mobility device to a caregiver, a
doctor or an involved party. In yet another aspect, the smart mobility device can be adapted and
configured for use with a mobile payment system. In still another aspect, a rechargeable battery
within the smart mobility device can be adapted and configured for wireless charging. In another
aspect, a rechargeable battery within the smart mobility device can be adapted and configured for
charging via a self-plugging magnetic plug. In one aspect, a rechargeable battery within the
smart mobility device can be adapted and configured for wireless charging when a portion of the
smart mobility aid device is placed on a charging pad configured to charge the smart mobility
device. In another aspect, the smart mobility device can further include a sensor for detecting a
biometric measurement of the smart mobility device user selected from blood work, biood
pressure, blood sugar, heart rate, oxygen level/rate, ECG, EMG, muscle strain, humidity, UV or
body temperature. In a further aspect, the smart mobility device can further include one or more
smart mobility device user activity tracking components selected from an accelerometer, a

gyroscope, a MEMS magnetometer, a barometric pressure sensor, a temperature sensor, a
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microcontroller, a flash memory, a digital motion processor, a motion processing library or a
Bluetooth low energy radio component. In an alternative aspect, the smart mobility device can
further include the functions of a linear acceleration, a heading, an altitude, a temperature, an
angular velocity, or an angular position. In yet another aspect, the smart mobility device can be
adapted and configured as a cane. In still another aspect, the smart mobility device can be
adapted and configured as a walker. In a further aspect, the smart mobility device can be adapted
and configured as a crutch. In one aspect, the smart mobility device can be adapted and
configured as a scooter. In another aspect, the smart mobility device can be adapted and
configured as a wheelchair. In a further aspect, the smart mobility device can further include a
fingerprint sensor. In an alternative aspect, the smart mobility device can be used by the smart
mobility device user as a payment method for services available from a software platform or an
app store. In yet another aspect, the smart mobility device can be integrated with a mobile
payment system. In still another aspect, the smart mobility device can further include an
emergency button that when pressed establishes communications with one or more of a caregiver
or an 911 emergency service.

[0007] In general, in one embodiment, a multifunctional smart cane includes a handle
adapted to be gripped by a hand of a user; a body having a base on one end and coupled to the
handle on the other; a screen built into the handle wherein the screen is visible to the user while
gripping the handle; one or more activity tracking components carried by the smart cane for
collecting information about the user’s-daily activity; an electronic memory for storing the
collected information about the user’s daily activity; and one or more electronic communication
components to transmit the user’s daily activity from the electronic memory in the smart cane to
another electronic device.

[0008] This and other embodiments can include one or more of the following features. In one
aspect, the display can be a touch screen. In another aspect, the smart cane can further include a
GPS component and including turn-by-turn visual guidance on the display, by voice output on a
speaker on the smart cane or by vibration output to the smart cane user. In a further aspect, the
handle can include a gripping sensor used to power on and power off the smart cane when the
smart cane user grips the gripping sensor. In an alternative aspect, the one or more electronic
components can be a SIM card, a Wi-Fi communications module or a Bluetooth communications
module. In yet another aspect, the one or electronic communication components can provide
communication using a cellular network, an app push notification, a third party update or a
website update. In still another aspect, in use the smart cane user can receive applications and
services from a cloud based software platform via the smart cane. In one aspect, in use the smart

cane user can receive applications and services from an application store via the smart cane. In
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another aspect, the one or electronic communication components can provide for entering user
data into the smart cane using a smart device. In a further aspect, the smart device can be a
smartphone, a smart watch, a smart glass or a tablet. In an alternative aspect, in use the display
can provide provides information about the user progress on a game based on user targets. In yet
another aspect, in use the display can provide information about the result of a social game
wherein the user’s activity tracking is compared to another user. In still another aspect, the
memory can contain information about a daily activity pattern of the smart cane user. In one
aspect, the daily activity pattern can be a notification for the smart cane user’s medication
schedule. In another aspect, the notification can be sent automatically from the smart cane to a
caregiver, a doctor or an involved party. In a further aspect, the smart cane can be adapted and
configured for use with a mobile payment system. In an alternative aspect, a rechargeable battery
within the smart cane can be adapted and configured for wireless charging. In yet another aspect,
a rechargeable battery within the smart cane can be adapted and configured for charging via a
self-plugging magnetic plug. In still another aspect, a rechargeable battery within the smart cane
can be adapted and configured for wireless charging when a portion of the smart mobility aid
device is placed on a charging pad configured to charge the smart cane. In one aspect, the smart
cane can further include a sensor for detecting a biometric measurement of the smart cane user
selected from blood work, blood pressure, blood sugar, heart rate, oxygen level/rate, ECG, EMG,
muscle strain, humidity, UV or body temperature. In another aspect, the smart cane can further
include one or more smart éane user activity tracking components selected from an
accelerometer, a gyroscope, a MEMS magnetometer, a barometric pressure sensor, a temperature
sensor, a microcontroller, a flash memory, a digital motion processor, a motion processing
library or a Bluetooth low energy radio component. In a further aspect, the smart cane can further
include the functions of a linear acceleration, a heading, an altitude, a temperature, an angular
velocity, or an angular position.

[0009] In general, in one embodiment, a multifunctional smart cane includes a handle
adapted to be gripped by a hand of the smart cane user; a body having a base on one end and
coupled to the handle on the other; a fingerprint sensor on the handle configured for
identification of a fingerprint of the smart cane user, one or more activity tracking components
carried by the smart cane for collecting information about the user’s daily activity; and an
electronic memory for storing the collected information about the user’s daily activity.

[0010] This and other embodiments can include one or more of the following features. In one
aspect, the smart cane can further include a display on the handle wherein the display is visible to
the user while gripping the handle. In another aspect, the smart cane can further include one or

more electronic communication components to transmit the user’s daily activity from the

-4



10

15

20

25

30

35

WO 2015/148578 PCT/US2015/022341

electronic memory in the smart cane to another electronic device. In a further aspect, the
fingerprint sensor can be adapted and configured to permit smart cane user account access. In an
alternative aspect, the fingerprint sensor can be adapted and configured to permit smart cane user
activity tracking. In yet another aspect, the display can be a touch screen. In still another aspect,
the smart cane can further include a GPS component and can include turn-by-turn visual
guidance on the display, by voice output on a speaker on the smart cane or by vibration output to
the smart cane user. In one aspect, the handle can include a gripping sensor used to power on and
power off the smart cane when the smart cane user grips the gripping sensor. In another aspect,
the one or more electronic components can be a SIM card, a Wi-Fi communications module or a
Bluetooth communications module. In a further aspect, the one or more electronic
communication components can provide communication using a cellular network, an app push
notification, a third party update or a website update. In an alternative aspect, in use the smart
cane user can receive applications and services from a cloud based software platform via the
smart cane. In yet another aspect, in use fhe smart cane user can receive applications and services
from an application store via the smart cane. In still another aspect, the one or more electronic
communication components can provide for entering user data into the smart cane using a smart
device. In one aspect, the smart device can be a smartphone, a smart watch, a smart glass or a
tablet. In another aspect, the memory can contain information about a daily activity pattern of the
smart cane user. In a further aspect, the daily activity pattern can be a notification for the smart
cane user’s medication schedule. In an alternative aspect, the notification can be sent
automatically from the smart cane to a caregiver, a doctor or an involved party. In yet another
aspect, the smart cane can be adapted and configured for use with a mobile payment system. In
still another aspect, the smart cane can further include a sensor for detecting a biometric
measurement of the smart cane user selected from blood work, blood pressure, blood sugar, heart
rate, oxygen level/rate, ECG, EMG, muscle strain, humidity, UV or body temperature. In one
aspect, the one or more smart cane user activity tracking components can be selected from an
accelerometer, a gyroscope, a MEMS magnetometer, a barometric pressure sensor, a temperature
sensor, a microcontroller, a flash memory, a digital motion processor, a motion processing
library or a Bluetooth low energy radio component. In another aspect, the smart cane can further
include the functions of a linear acceleration, a heading, an altitude, a temperature, an angular
velocity, or an angular position. In a further aspect, the cane can include a light operable by a
light sensor. In an alternative aspect, the light can come on automatically when the light sensor
detects darkness. In yet another aspect, the cane can include a glowing color selected to aid in
finding the cane in the dark. In still another aspect, the cane can be adapted and configured to be

folded to reduce its size. In one aspect, the smart cane can further include an unfolding button
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that can cause the cane to automatically fold or unfold. In another aspect, the cane can be
adapted and configured to generate a sound to aid in being located by the smart cane user. In a
further aspect, the cane can be adapted and configured for being located using a GPS system
working with a smart device. In an alternative aspect, the smart cane can further include a base
changing mechanism allowing for removal of one base type and replacement with another base
type. In yet another aspect, a user preference can determine the removal of one base type and the
replacement of another base type. In still another aspect, a smart cane advice can determine the
removal of one base type and the replacement of another base type. In one aspect, the one base
type and the another base type can be selected from a basic base, a tripod base, a flexible base
and an ice tip base. In another aspect, the smart cane can further include an emergency button
that when pressed establishes communications with one or more of a caregiver or an 911
emergency service.

[0011] In general, in one embodiment, a method of using a smart mobility assistance device
for tracking the activity of a person using the smart mobility assistance device includes
collecting data from one or more health monitoring sensors placed on the smart mobility
assistance device for monitoring a health parameter of the person during a regular use of the
smart mobility assistance device; analyzing the data from the collecting step; and representing a
recommendation for the person or any involved party based on the analyzing step.

[0012] This and other embodiments can include one or more of the following features. In one
aspect, the one or more health monitoring sensors can include a sensor for detecting one or more
biometrics of the person using the smart mobility assistance device. In another aspect, the health
parameter of the person can be one or more of a blood pressure, a heart rate, an oxygen level, an
oxygen rate, an ECG, an EMG, a muscle strain, or a body temperature. In a further aspect, the
regular use can be walking, stepping, tapping, or using the smart mobility aid device for creating
a daily pattern of activity. In an alternative aspect, the regular use can include an activity tracking
of the smart mobility device user. In yet another aspect, the activity tracking can include
counting the number of steps taken by the smart mobility aid user. In still another aspect, the
activity tracking can include recording an activity speed. In one aspect, the mobility assistance
device can be a smart cane and the activity tracking can include monitoring a motion sensor and
a pressure sensor on the cane. In another aspect, the collecting step can further include
determining a current activity is initiated using a motion sensor. In a further aspect, the method
can provide a time when the current activity is initiated and recording the duration of the current
activity. In an alternative aspect, the current activity can be walking, running, sitting, watching
TV or going to the bathroom. In yet another aspect, the collecting step can further include

entering information about the person using the smart assistive mobility aid device using a
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screen on the mobility aid device. In still another aspect, the collecting step can further include
entering information about the person using the smart assistive mobility aid device using one or
more smart devices. In one aspect, the one or more smart devices can be a smart phone, a smart
watch, a pair of smart glasses or a tablet. In another aspect, the step of representing collected
information and data can be performed on a smart phone. In a further aspect, representing can
include recommendation to use a different smart mobility aid device. In an alternative aspect, the
recommendation can include transitioning a person using a smart mobility cane to using a smart
mobility walker. In yet another aspect, the analyzing the data step can be performed on the smart
mobility aid device, on a smart device in communication with mobility device or on a remote
server. In still another aspect, the analyzing step can include performing a predictive analysis. In
one aspect, the analyzing step can include using an artificial intelligence algorithm. In another
aspect, the representing step can include providing the user or any involved party with live
feedback on the user’s performance using the smart mobility aid device. In a further aspect, the
representing step can include providing the user with live motivational feedback based on
performance towards activity targets. In an alternative aspect, the representing step can include
providing the user feedback based on comparison to other smart mobility aid device users via
social gaming. In yet another aspect, the method can further include using an artificial
intelligence algorithm with input from motion sensors to differentiate between a falling smart
mobility aid user and a dropping smart mobility aid device. In still another aspect, in the case of
a falling smart mobility aid user there can be a step of providing an emergency notification to
caregiver or providing an alarm or calling an 911 emergency service provider. In one aspect, the
method can further include creating a daily activity pattern of the smart mobility aid device user
from collected information about the smart mobility aid device user’s activities with the smart
mobility aid device. In another aspect, the method can further include detecting an input from a
distance sensor, the representing step including warning the user of the object or obstacle
detected by the distance sensor. In a further aspect, the representing can further include providing
turn by turn visual, voice or vibration guidance based on a GPS sensor provided by the smart
mobility aid device. In an alternative aspect, the representing can further include providing a
health status indicator of the person using the smart mobility aid device. In yet another aspect,
the indicator can be provided in the form of a light, an LED light, a sound, a vibration, or a
glyph. In still another aspect, a portion of the collecting step, the analyzing step or the
representing step can further include communicating a portion of the collected data to another
device using a communications module on the smart mobility aid device. In one aspect, the
another device can be a smart phone, a smart watch, a tablet or a smart glasses. In another aspect,

the method can further include communicating the collected information and data of the smart
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mobility aid device to the person using the smart mobility aid device using a built in screen on
the mobility aid device, a touch screen, a voice command from a speaker on the smart mobility
aid device, by a vibration generated by the mobility aid device, or using a different electronic
device. In a further aspect, the different electronic device can include a smart phone, a smart
watch or a smart glasses. In an alternative aspect, the method can further include using a
fingerprint sensor for identifying the person using the smart mobility aid device. In yet another
aspect, the method can further include using a fingerprint sensor for signing in or signing out of
an account assigned to the person using the smart mobility aid device. In still another aspect, the
method can further include using a fingerprint sensor for tracking the activities of the person
using the smart mobility aid device. In one aspect, the method can further include integrating the
smart mobility aid device with a mobile payment system and using the smart mobility aid device
as a payment method for services.

[0013] In general, in one embodiment, a smart mobility aid device having activity tracking
and monitoring capabilities includes a first sensor configured to detect motion of the device
corresponding to rotation, shake, linear acceleration, heading, angular velocity, or angular
position while the mobility aid device is in contact with a person using the device; a second
sensor configured to detect at least one biometric parameter of the person using the device; and a
processor in communication with the first and second sensors that utilizes an algorithm to
discriminate between the smart device user falling and the smart device falling based on data
received from the first and second sensors.

[0014] This and other embodiments can include one or more of the following features. In
one aspect, the device can further include a server in communication with the device and located
remotely from the device. In another aspect, the first sensor can be selected from the group
consisting of an accelerometer, gyroscope, and MEMS magnetometer. In a further aspect, the
smart mobility aid device can be a smart cane and the first sensor is positioned within the cane.
In an alternative aspect, the second sensor can be positioned within a handle of the cane such that
in use the second sensor is in contact with the patient. In yet another aspect, the at least one
biometric parameter can be selected from the group consisting of blood pressure and heart rate.
In still another aspect, the second sensor can be configured to detect a weight imparted by the
patient upon the device. In one aspect, the motion detected by the first sensor can be selected
from the group consisting of walking, running, standing up, sitting down, and falling. In another
aspect, the smart mobility aid device can be configured as a cane, a walker, a wheelchair, a
scooter, or a crutch. In a further aspect, the device can be configured to be in wireless
communication with a remote party. In an alternative aspect, the processor can be programmed

to initiate contact with the remote party when triggered by a predetermined parameter. In yet
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another aspect, the device can further include a third sensor in communication with the processor
and which can be configured to detect an audio signal from the patient. In still another aspect, the
device can further include a third sensor in communication with the processor and which can be
configured to detect an ambient light level and a light in communication with the third sensor. In
one aspect, the device can further include a user interface in communication with the processor.
[0015] In general, in one embodiment, a method of monitoring a person using a smart
mobility aid device includes detecting a motion of the person via a first sensor incorporated into
the smart mobility device in use by the person, wherein the motion corresponds to one or more
of rotation, shake, linear acceleration, heading, angular velocity, or angular position while the
mobility aid device is in contact with a person using the device; receiving an input via a second
sensor incorporated into the smart mobility aid device; determining if the person using the smart
mobility aid device has fallen via a processor in communication with the first and second sensors
based on data received from the first and second sensors; and transmitting information relating to
the fallen person to a server located remotely from the person using the smart mobility aid
device.

[0016] This and other embodiments can include one or more of the following features. In
one aspect, the step of detecting a motion can be performed using a first sensor selected from the
group consisting of an accelerometer, gyroscope, and MEMS magnetometer. In another aspect,
receiving the input via a second sensor can include detecting at least one biometric parameter of
the person. In a further aspect, detecting at least one biometric parameter can include detecting
blood pressure or heart rate. In an alternative aspect, transmitting information can include
transmitting to a server in communication with the processor and located remotely from the
housing. In yet another aspect, the first sensor can be positioned within or carried by a smart
mobility aid device configured as a cane configured to be held by the person. In still another
aspect, the second sensor can be positioned within a handle of the cane such that in use the
second sensor can be in contact with the person using the smart mobility aid device. In one
aspect, detecting at least one biometric parameter can include detecting a weight imparted by the
patient upon the smart mobility aid device. In another aspect, detecting a motion can include
detecting the motion selected from the group consisting of walking, running, standing up, sitting
down, and falling. In a further aspect, the smart mobility aid device can be selected from the
group consisting of a cane, a walker, a wheelchair, a scooter, or a crutch. In an alternative aspect,
transmitting can include transmitting the information when triggered by a predetermined
parameter. In yet another aspect, the method can further include detecting an audio signal from
the patient via a third sensor in communication with the processor. In still another aspect, the

method can further include detecting an ambient light level via a third sensor in communication
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with the processor. In one aspect, the method can further include displaying the information via a
user interface in communication with the processor.

[0017] In general, in one embodiment, a method of monitoring a person using a smart
mobility aid device includes receiving an input via a first sensor incorporated into the smart
mobility aid device; determining if the person using the smart mobility aid device has fallen via a
processor in communication with the first sensor based on data received from the first sensor;
and transmitting information relating to the fallen person to a server located remotely from the
person using the smart mobility aid device.

[0018] This and other embodiments can include one or more of the following features. In one
aspect, the method can further include detecting a motion of the person via a second sensor
incorporated into the smart mobility device in use by the person, wherein the motion corresponds
to one or more of rotation, shake, linear acceleration, heading, angular velocity, or angular
position while the mobility aid device is in contact with a person using the device. In another
aspect, the determining step can include input from the second sensor. In a further aspect, the
step of detecting a motion can be performed using a second sensor selected from the group
consisting of an accelerometer, gyroscope, and MEMS magnetometer. In an alternative aspect,
receiving the input via a first sensor can include detecting at least one biometric parameter of the
person. In yet another aspect, detecting at least one biometric parameter can include detecting
blood pressure or heart rate. In still another aspect, transmitting information can include
transmitting to a server in communication with the processor and located remotely from the
housing. In one aspect, the second sensor can be positioned within or carried by a smart mobility
aid device configured as a cane configured to be held by the person. In another aspect, the first
sensor can be positioned within a handle of the cane such that in use the second sensor can be in
contact with the person using the smart mobility aid device. In a further aspect, detecting at least
one biometric parameter can include detecting a weight imparted by the patient upon the smart
mobility aid device. In an alternative aspect, detecting a motion can include detecting the motion
selected from the group consisting of walking, running, standing up, sitting down, and falling. In
yet another aspect, the smart mobility aid device can be selected from the group consisting of a
cane, a walker, a wheelchair, a scooter, or a crutch. In still another aspect, transmitting can
include transmitting the information when triggered by a predetermined parameter. In one aspect,
the method can further include detecting an audio signal from the patient via a third sensor in
communication with the processor. In another aspect, the method can further include detecting
an ambient light level via a third sensor in communication with the processor. In a further aspect,
the method can further include displaying the information via a user interface in communication

with the processor.
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[0019] In one aspect, a smart mobility aid device can be adapted and configured to alarm,
notify, and/or remind a mobility aid device user or interested party about a smart mobility device
user medication schedule using a voice reminder, a vibration reminder and/or an on screen
reminder.

{0020] In another aspect, when a mobility aid device user takes a medication according to a
medication schedule a caregiver or any involved parties can be notified.

[0021] In a further aspect, the medication schedule of a smart mobility aid device user can be
modified, entered, managed, updated and/or tracked by the mobility aid device user, a caregiver
or a doctor.

[0022] In yet another aspect, a smart mobility aid device can be adapted and configured to

communicate and connect to a regular medicine container or a smart medication container.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The novel features of the invention are set forth with particularity in the claims that
follow. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0024] FIG. 1A is a view of a mobility assistance device alternative configured as a cane.
[0025] FIG. 1B is a close up view of an alternative handle embodiment of a mobility
assistance device alternative configured as a cane (i.e., a smart cane).
[0026] FIG. 1C is a perspective view of a mobility assistance device alternative configured
as a walker (i.e., a smart walker).
[0027] FIG. 1D is a perspective view of a mobility assistance device configured as a crutch
(i.e., a smart crutch).
[0028] FIG. 1E is a perspective view of a mobility assistance device configured as a écooter
(i.e., a smart scooter).
[0029] FIG. 1F is a perspective view of a mobility assistance device configured as a
wheelchair (i.c., a smart wheelchair).
[0030] FIG. 2 is a schematic diagram of an exemplary electronics and sensor module.
[0031] FIG. 3 is a side view of an embodiment of an automatic lifting mechanism.
[0032] FIG. 4 is a diagram of Wi-Fi communications for a mobility device embodiment.
[0033] FIG. 5 is a diagram of SIM card communications for a mobility device embodiment.
[0034] FIG. 6 is a diagram of a Bluetooth communications for a mobility device

embodiment.
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[0035] FIG. 7A is a perspective view of a smart cane embodiment on a wireless charger
base.

[0036] FIGs. 7B and 7C are perspective and top down views of a charger and a self-plugged
magnetic plug.
[0037] FIG. 8 is a schematic representation of sensor data collection and analysis on a smart

mobility aid device.

DETAILED DESCRIPTION
[0038] Numerous alternative embodiments of a multi-functional smart and connected
mobility aid device are described herein. Such device may help make users more independent
and healthier. Smart mobility aid devices have sensors to collect, monitor, analyze and represent
data including but not limited to activity tracking, biometrics and safety and emergency features.
The activity tracking include number of steps, miles, and activity speed, user pressure on a smart
cane or other device, activity types and analysis. The biometrics data including but not limited
to blood work, blood pressure, blood sugar, heart rate, oxygen level/rate, ECG, EMG, muscle
strain, humidity, UV, body temperature. The safety and emergency includes emergency button,
falls detection and warnings, and user activity pattern collection and analysis of activity pattern
changes. The sensors are placed on the handle/s to collect and monitor the data automatically, in
some embodiments. Also, there are smart mobility aid embodiments that include a medication
management System that reminds and monitors a user medication schedule. The smart mobility
aid device data represented can be in form of visuals, sound/voice, or vibrations. The smart
mobility aid device is connected to other devices and/or the Internet using ways including but not
limited to Bluetooth, Wi-Fi, and or/and SIM card. In addition, a smart mobility aid device can
analyze how a user walks using the device and advise a user to improve his walking pattern.
[0039] The device can be turned on/off automatically once a user grips the handle. The smart
cane can be folded/unfolded manually or automatically. A smart mobility device may have a
light that can be turned on automatically in dark places. The device may have a small light or a
glowing color that helps user find the can in the dark. A smart mobility device may give the user
or/and caregiver live feedback about user health metrics and status using data representation or
other suitable communication method.
[0040] A smart mobility device can be charged by a self-charging mechanism, or by using a
wire/wireless charger. The device also includes a base changing mechanism that allows a user to
change the base according to a user preference, the condition of the user and the environment it

will be used on or a device recommendation.
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{0041] FIGs. 1A and 1B show embodiments of a smart mobility aid device configured as a
smart cane. The smart mobility aid device in FIG. 1A is a smart cane embodiment. FIG. 1A
illustrates a cane that consists of a body (2) having a base (3) on one end and coupled to the
handle (1) on the other end. The handle consists of a gripping area for the user’s hand (5) and a
screen (4) visible to the user while gripping the handle. The electronics, such as activity and
biometrics tracking components, electronic memory, and communications components, can be
built into the handle, body, or base of the device (6).

[0042] A multi functional cane that includes the following:

[0043] The Handle:

[0044] The handle can be in different shapes and used on different assistive mobility devices
including but not limited to canes, walkers, crutches, scooters and wheelchairs.

[0045] The smart mobility aid device depicted in FIG. 1C is a walker embodiment. The
handle (1) is grasped by the user and includes a display (2) visible to the user during use. The
electronics, such as activity and biometrics tracking components, electronic memory, and
communications components, can be built into the handle, body, or base of the device.

{0046} The smart mobility aid device depicted in FIG. 1D is a crutch embodiment. The
handle (1) is grasped by the user. The display (2) is located beneath and in front of the user’s
shoulder during normal use. The electronics, such as activity and biometrics tracking
components, electronic memory, and communications components, can be built into the handle,
body, or base of the device.

[0047] The smart mobility aid device depicted in FIG. 1E is a scooter embodiment. The
handle (1) is grasped by the user and used to direct the scooter. The display (2) is located above
the gripping area of the handles and in the line of sight of the user. The electronics, such as
activity and biometrics tracking components, electronic memory, and communications
components, can be built into the device, including the handle, body, or base.

[0048] The smart mobility aid device FIG. IF is a wheelchair embodiment. The handle (1) is
used as an armrest or hand hold. The display (2) is located above the handle area of the handles
and in the line of sight of the user. The electronics, such as activity and biometrics tracking
components, electronic memory, and communications components, can be built into the device,
including the handle, body, or base.

[0049] The handle can include different smart components including but not limited to:
health monitoring sensors, sensors that detect biometrics of the person using the mobility device,
a gripping sensor, a light sensor, a finger print sensor, a GPS component and a mobility device
user health status indicator.

[0050] Health monitoring sensors:
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[0051] In some embodiments, all the sensors are precisely placed in the handle of the cane so
that it can monitor the user’s health parameter during a regular use of a cane efficiently, (see
FIGs. 1A and 1B). The handle and/or the smart mobility assistance device can have a wide range
of sensors that detects biometrics including but not limited to:

- Blood work

- Blood Pressure:

- Blood sugar

- Heart Rate

- Oxygen level/rate

- ECG: electrical activity in your heart: it could be done by a single handle using only one
hand, or by two handles using to hands on some devices like walkers.

- EMG

- Muscle Strain

- Humidity

-Uv

- Body temperature

- Gripping sensor: it turn the cane on when user grip it and it turns it off when not used to
save battery.

- Light sensor: it can be used to detect if the cane lights should be turned on or not.

- Fingerprint sensor: to identify the user of the device and sign-in, or sign out, him/her
into his/her account to track their activities. That’s mean; more than one user can use the device
without affecting each other’s online records.

- GPS: with a turn-by-turn visual, voice and vibration guidance. Also, it can be used to
locate the device using a cell phone or a tablet and command it to create a sound or to lock it. In
addition, it can be used outdoor or indoor.

- Status indicator: in the form of a light, LED light, sound, vibration or/and screen, that
can be on the handle or any place on the mobility device that indicates the health status of the
user, For example, the light/screen can be green if the user metrics in the normal and healthy
range, it can be yellow if there is some metrics that is not or it could be red
[0052] Smart mobility aid device embodiments may also include a variety of activity
tracking to make users healthier. A mobility aid device could have components including but
not limited to those shown in FIG. 2 and may also include one or more of:

- Accelerometer

- Gyroscope

- MEMS magnetometer
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- Barometric pressure sensor

- Temperature sensor

- Microcontroller

- Flash memory

- Digital Motion Processor for sensor fusion management

- Motion Processing Library

- Bluetooth low energy radio
[0053] The device will count the number of steps, number of miles, type of activity, calories
burned and based on the user weight t and it will provide the amount of calories burned. User
weight can be determined by the user pressure on the cane, or by entering it on the cane screen or
using smart devices such as a phone, a smart watch, a smart glass, a tablet.
[0054] The cane can give the users live feedback on their performance and motivate them to
achieve targets.
[0055] In addition, it can create games for them based on their own targets, or/and it will
have the social gaming by comparing them and make them compete with other people.
[0056] The cane can train users to walk in the right way and advise them if they walk in an
unhealthy way.
[0057] Some motions and gestures:

- Step count: measures step counts from time t1 to time (2.

- Tap : detects a series n taps, n=1, 10, when taps occur within one second of each other.

- Activity detector: using the t to determine the current activity detected by the motion
sensors and provides the time t when this activity started. Activities are defined as walking,
running, sitting, watching TV, going to bathroom and so on.

- Shake (n, direction): gives the number of shakes detected within one second of each
other in one direction and indicates the direction (x.y.z).

- Rotation (degrees, direction): gives the number of degrees of rotation along one axis
(%Y,2).

- Glyph detect: detects a glyph already stored as a “trained” glyph.

- Swipe (direction): detects a swipe motion in one of the x, y, or z directions.
[0058] There is also provided an interface connector for controlling external sensors, 1/0 and
debug.
[0059] The system functions include but are not limited to:

- Linear acceleration

- Heading

- Altitude
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- Temperature
- Angular velocity
- Angular position
[0060] A smart mobility aid device may also include features to make users more
independent:
[0061] - Utilizing the above sensor capabilities, the smart mobility aid device will create a
daily activity pattern of the user. If there is any unexpected change on the patterns, the device
will send the caregiver a notification.
[0062] - The device will be collecting the information about user’s activities and will create a
pattern. The device will notify caregiver if there’s any changes on the daily patterns of the user.
[0063] - An emergency button for user to press to communicate with one or more caregiver,
or to dial 911. The communication could in the different forms including but not limited to a
phone call, app push notification, third parties, or/and website update.
[0064] - Emergency notification to caregiver/s or/and alarm in case the user falls down.

Artificial intelligence algorithm with motion sensors differentiates if the user falls or the device

is just dropped.
[0065] - The device can alert user for natural disasters such as earthquake and high wind.
[0066] - Pressure & motion sensors: monitoring user pressure on the device. The device can

help user monitor their leg strength based on the pressure placed on the device, combining
different metrics will allow the device to give advice for users regarding their rehabilitation
situation, their way of walking and how to improve it, or it can suggest using different smart
mobility aid device like a walker instead of a cane. The motion sensors can track user activities
even if they are not using them, such as sleeping, and creates activity patterns.

[0067] Additional features of smart mobility aid devices:

[0068] - Distance sensor (ultrasonic) to warn users against objects or obstacles. For instance,
warning before stairs or steps.

[0069] - Black Box that saves the past activities such as sound, vibrations and activities. It
will be anti-fire and explosion.

[0070] - The device can be integrated with mobile payment systems, which allows the user to
use it as a payment method rather than cash or credit.

[0071] Medication Management: ,

[0072] The device alarms, notifies and reminds users about their medication schedule by
voice reminders, vibration and/or using a screen. When the user takes the medication, the
caregiver or any involved parties will get notified. User, caregiver or doctors can enter, manage,

update and/or track the medication schedule.
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[0073] The device can communicate and connect to a regular or smart medication containers.
[0074] All the above sensors and components could be distributed into the body of a smart
mobility cane, or different kinds of smart mobility devices such as walkers, wheelchairs, scooters
or crutches, if needed.

[0075] Body feature:

[0076] - The cane will have a low power lighting part or a glowing color that light in the
dark to enable users to find the cane in dark places and hold it easy.

[0077] - The cane will have a light that will be turned on automatically in the case its on a
dark place (using the light sensor) and the user is grabbing the handle.

[0078] - The cane can be folded to reduce its size. The cane includes a spring to make it
automatically unfold when pressing the unfolding button. It can include a damper to make the
unfolding motion smoother.

[0079] - The cane can be folded/unfolded automatically using a small light motor with
folding/unfolding mechanism. The folding/unfolding mechanism could include a small motor,
rope mechanism with a spring. This could be done manually or automatically once the user holds
the cane. (see FIG. 3).

[0080] - The cane can generate a sound to allow user to identify its place. In addition, it can
be located by a GPS system using the cell phone.

[0081] - Changeable cane base/tip: the bottom end of the cane body is designed in a way that
allows an easy replacement process of the cane base. It includes a self-locking/clipping
mechanism. The base tip can be replaced based on the preference, the condition of the user and
the environment that it will be used on. It have several designs including but not limited to basic
base, tripod base to make it stand alone, flexible, ice tip and so on.

[0082] Data representation:

[0083] - Collected information and data could be presented and communicated to the user by
a built-in screen/touch-screen or/and by voice or/and vibration or/and using a different electronic
devices including but not limited to smart phones, smart watches or smart glasses.

[0084] Embodiments of the smart mobility aid devices described herein also allow other
parties such as caregiver or doctors can have a live access to the mobility aid device information
to monitor all the metrics. In this way, other parties may take actions, give advice, help or
interact with the user.

[0085] In some embodiments, a mobility aid device could have a microphone and a speaker
to allow a two-way communication with caregiver, a doctor, or an access to medical store

services such as someone tells stories and talks to the user.
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[0086] The data can be communicated in different forms including but not limited to a visual
form, a sound form, or/and a vibration form.

[0087] Data Communication:

[0088] The collected data will be synced seamlessly, transferred, updated and communicated
using a low power communication such as Bluetooth or/and Wi-Fi technologies. The device
could include a SIM card to keep it connected outdoor. In addition, the device could directly
connect to the user’s smartphone without the need of a SIM card on the device itself. See FIGs.
4, 5, and 6 that illustrate various alternative communication methods.

[0089] In still other embodiments, a smart mobility aid device could be connected to
different electronic devices. In one aspect, a smart mobility aid device user can have metrics or
more than one device. For example, a smart cane can communicate with more than one device
such as smart walkers, smart crutches or smart wheelchairs.

[0090] Data Analysis:

[0091] The data obtained from the sensor can be analyzed on the device itself, on the phone,
or/and on the cloud. The analysis will include predictive analysis that leads to recommendations
for users, caregiver or any interested party. Also, there will be pattern visualization and data
integrate with third parties. Based on the data representation and analysis, the user, caregiver
or/and the doctor can monitor, take actions or/and communicate with the user.

[0092] An exemplary overall process of smart mobility device user activity data collection,
analysis and communication is illustrated in FIG. 8. Data signals collected (5), for example, for
use by the system for predictive analysis and recommendations for a user’s rehabilitation or way
of walking include heart rate (1), blood pressure (2), gait (3), and balance (4). Data analysis may
be performed on the device (6) or on a user smart device or the cloud or remote server.
Thereafter, the analysis and representation of the data may then lead to user interaction (7) and/or
third party interaction (8) including but not limited to activity tracking, biometrics and safety and
emergency features. The activity tracking may include the number of steps, miles or activity
speed, user pressure on a smart mobility device or activity types. The sensor data and analysis
may also be used for fall detection and warnings, user pattern analysis and user pattern changes.
The system may analyze how a user walks and advise the user on how to improve the walking
pattern. The data on how to improve may be represented in the form of visuals, sound/voice, or
vibrations. The smart mobility device may also give the user or/and caregiver a live feedback
about the user health metrics and status using a data representation method.

[0093] Once the assessment is made, the central processing unit may interact with the device
user or third parties, primarily in the case of a recent actual or predicted fall. This interaction

may be made directly through the device, such as a notification light, sound, vibration, or display
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for the user (7). It can also directly contact third parties (8) utilizing wireless connections (e.g.
Wi-Fi, Bluetooth, SIM, cellular) for notification (e.g. a call, push notification, text, alert,
smartphone, etc.) on other devices. The central processing unit may also utilize the cloud, smart
device or caregiver smart device (See FIGs. 4, 5, and 6) as a conduit for communication and
alerts with the device user and third parties to reach them on other devices or systems (e.g. web
portal, call, smartphone, text, etc.).
[0094] Power Source:
[0095] The device could have a lightweight rechargeable lithium battery or a one-time long-
life battery that does not requires charging (see FIG. 2). In case of the rechargeable battery, the
user will only need to place the cane in an upward position- using position- on the charger
(charging pad) to get charged. The cane can be charged wirelessly or by self plugged magnetic
plug. In addition to that, it can have a self-charging mechanism generated by movements. Also, it
can have a Li-ion-polymer battery charger and management via Micro-USB or a regular USB.
[0096] The smart mobility aid devices may be charged wirelessly via induction or wireless
charging. FIG. 7A illustrates a smart cane on a wireless charging pad (1). The base 3 of the
cane contains an induction charging coil (2) to receive power from the coil inside the charging
pad (3). The charging pad is connected by electrical wires (4) to a power source, such as a wall
outlet or USB port. The cane can be set on the pad to charge and removed from the pad without
connecting or attaching any wires.
[0097] The charger can snap into the smart device body for easier attachment as shown in
FIGs. 7B and 7C. The connection to the smart device body may include a self plugged magnetic
plug.
[0098] Store for services:
[0099] The mobility aid devices will have access to a mobility aid device software platform,
an app store, where people can develop apps and services to offer for our users. In addition, there
is an open API for developers to include additional features to use with a mobility aid device.
[0100] When a feature or element is herein referred to as being “on” another feature or
element, it can be directly on the other feature or element or intervening features and/or elements
may also be present. In contrast, when a feature or element is referred to as being “directly on”
another feature or element, there are no intervening features or elements present. It will also be
understood that, when a feature or element is referred to as being “connected”, “attached” or
“coupled” to another feature or element, it can be directly connected, attached or coupled to the
other feature or element or intervening features or elements may be present. In contrast, when a
feature or element is referred to as being “directly connected”, “directly attached” or “directly

coupled” to another feature or element, there are no intervening features or elements present.
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Although described or shown with respect to one embodiment, the features and elements so
described or shown can apply to other embodiments. It will also be appreciated by those of skill
in the art that references to a structure or feature that is disposed “adjacent” another feature may
have portions that overlap or underlie the adjacent feature.

[0101] Terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. For example, as used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the presence of stated features, steps,
operations, elements, and/or components, but do not preclude the presence or addition of one or
more other features, steps, operations, elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations of one or more of the associated
listed items and may be abbreviated as “/”.

2% 46 3% 4L

[0102] Spatially relative terms, such as “under”, “below”, “lower”, “over”, “upper” and the
like, may be used herein for ease of description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. For example, if a device in the
figures is inverted, elements described as “under” or “beneath” other elements or features would
then be oriented “over” the other elements or features. Thus, the exemplary term “under” can
encompass both an orientation of over and under. The device may be otherwise oriented (rotated
90 degrees or at other orientations) and the spatially relative descriptors used herein interpreted
accordingly. Similarly, the terms “upwardly”, “downwardly”, “vertical”, “horizontal” and the
like are used herein for the purpose of explanation only unless specifically indicated otherwise.
[0103] Although the terms “first” and “second” may be used herein to describe various
features/elements, these features/elements should not be limited by these terms, unless the
context indicates otherwise. These terms may be used to distinguish one feature/element from
another feature/element. Thus, a first feature/element discussed below could be termed a second
feature/element, and similarly, a second feature/element discussed below could be termed a first
feature/element without departing from the teachings of the present invention.

[0104] As used herein in the specification and claims, including as used in the examples and
unless otherwise expressly specified, all numbers may be read as if prefaced by the word “about”
or “approximately,” even if the term does not expressly appear. The phrase “about” or
“approximately” may be used when describing magnitude and/or position to indicate that the

value and/or position described is within a reasonable expected range of values and/or positions.
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For example, a numeric value may have a value that is +/- 0.1% of the stated value (or range of
values), +/- 1% of the stated value (or range of values), +/- 2% of the stated value (or range of
values), +/- 5% of the stated value (or range of values), +/- 10% of the stated value (or range of
values), etc. Any numerical range recited herein is intended to include all sub-ranges subsumed
therein.

[0105] Although various illustrative embodiments are described above, any of a number of
changes may be made to various embodiments without departing from the scope of the invention
as described by the claims. For example, the order in which various described method steps are
performed may often be changed in alternative embodiments, and in other alternative
embodiments one or more method steps may be skipped altogether. Optional features of various
device and system embodiments may be included in some embodiments and not in others.
Therefore, the foregoing description is provided primarily for exemplary purposes and should
not be interpreted to limit the scope of the invention as it is set forth in the claims.

[0106] The examples and illustrations included herein show, by way of illustration and not of
limitation, specific embodiments in which the subject matter may be practiced. As mentioned,
other embodiments may be utilized and derived there from, such that structural and logical
substitutions and changes may be made without departing from the scope of this disclosure.
Such embodiments of the inventive subject matter may be referred to herein individually or
collectively by the term “invention” merely for convenience and without intending to voluntarily
limit the scope of this application to any single invention or inventive concept, if more than one
is, in fact, disclosed. Thus, although specific embodiments have been illustrated and described
herein, any arrangement calculated to achieve the same purpose may be substituted for the
specific embodiments shown. This disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the above embodiments, and other
embodiments not specifically described herein, will be apparent to those of skill in the art upon

reviewing the above description.
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CLAIMS

What is claimed is:

l. A smart mobility device, comprising:

a handle adapted to be gripped by a user of the smart mobility device;

a display built into the handle wherein the display is visible to the user while the user is
gripping the handle;

one or more activity tracking components carried by the smart mobility device for
collecting information about the user’s daily activity;

an electronic memory for storing the collected information about the user’s data; and

one or more electronic communication components to transmit the user’s data from the
electronic memory in the smart mobility device to the cloud, remote server, or to another

electronic device.

2. The smart mobility device of claim 1 wherein the display comprises a touch screen.

3. The smart mobility device of claim 1 further comprising a GPS component and including
turn-by-turn visual guidance on the display, by voice output on a speaker on the smart mobility

device or by vibration output to the smart mobility device user.

4. The smart mobility device of claim 1 wherein the handle includes a gripping sensor used
to power on and power off the smart mobility device when the smart mobility device user grips

the gripping sensor.

5. The smart mobility device of claim 1 wherein the one or more electronic components is a

SIM card, a Wi-Fi communications module or a Bluetooth communications module.

6. The smart mobility device of claim 1 wherein the one or electronic communication
components provides communication using a cellular network, an app push notification, a third

party update or a website update.
7. The smart mobility device of claim 1 wherein in use the smart mobility device user

receives applications and services from a cloud based software platform via the smart mobility

device.
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8. The smart mobility device of claim 1 wherein in use the smart mobility device user

orders and receives services from a cloud based software platform via the smart mobility device.

9. The smart mobility device of claim 1 wherein in use the smart mobility device user

orders and receives services from a cellular network via the smart mobility device.

10.  The smart mobility device of claim 1 wherein in use the smart mobility device user

receives applications and services from an application store via the smart mobility device.

11.  The smart mobility device of claim 1 wherein the one or electronic communication

components provides for entering user data into the smart mobility device using a smart device.

12.  The smart mobility device of claim 11 wherein the smart device is a smartphone, a smart

watch, a smart glass, a tablet, a laptop or a computer.

13.  The smart mobility device of claim 1 wherein in use, the display provides information

about the user progress on a game based on user targets.

14.  The smart mobility device of claim 1 wherein in use, the display provides information

about the result of a social game wherein the user’s activity tracking is compared to another user.

15.  The smart mobility device of claim 1 wherein the memory contains information about a

daily activity pattern of the smart mobility device user.

16.  The smart mobility device of claim 1 wherein the daily activity pattern is a notification

for the smart mobility device user’s medication schedule.

17.  The smart mobility device of claim 16 wherein the notification is sent automatically from

the smart mobility device to a caregiver, a doctor or an involved party.

18.  The smart mobility device of claim 1 wherein the smart mobility device is adapted and

configured for use with a mobile payment system.

19.  The smart mobility device of claim 1 wherein a rechargeable battery within the smart

mobility device is adapted and configured for wireless charging.
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20.  The smart mobility device of claim 1 wherein a rechargeable battery within the smart

mobility device is adapted and configured for charging via a self-plugging magnetic plug.

21.  The smart mobility device of claim 1 wherein a rechargeable battery within the smart
mobility device is adapted and configured for wireless charging when a portion of the smart

mobility aid device is placed on a charging pad configured to charge the smart mobility device.

22.  The smart mobility device of claim 1 further comprising a sensor for detecting a
biometric measurement of the smart mobility device user selected from blood work, blood
pressure, blood sugar, heart rate, oxygen level/rate, ECG, EMG, muscle strain, humidity, UV or

body temperature.

23.  The smart mobility device of claim 1 further comprising one or more smart mobility
device user activity tracking components selected from an accelerometer, a gyroscope, a MEMS
magnetometer, a barometric pressure sensor, a temperature sensor, a microcontroller, a flash
memory, a digital motion processor, a motion processing library or a Bluetooth low energy radio

component.

24.  The smart mobility device of claim 1 further comprising the functions of a linear

acceleration, a heading, an altitude, a temperature, an angular velocity, or an angular position.

25.  The smart mobility device of any of claims 1-24 wherein the smart mobility device is

adapted and configured as a cane.

26.  The smart mobility device of any of claims 1-24 wherein the smart mobility device is

adapted and configured as a walker.

27.  The smart mobility device of any of claims 1-24 wherein the smart mobility device is

adapted and configured as a crutch.

28.  The smart mobility device of any of claims 1-24 wherein the smart mobility device is

adapted and configured as a scooter.
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29.  The smart mobility device of any of claims 1-24 wherein the smart mobility device is

adapted and configured as a wheelchair.

30.  The smart mobility device of any of claims 1-29 further comprising a fingerprint sensor.

31.  The smart mobility device of any of claims 1-30 wherein the smart mobility device is
used by the smart mobility device user as a payment method for services available from a

software platform or an app store.

32.  The smart mobility device of claim 31 wherein the smart mobility device is integrated

with a mobile payment system.

33.  The smart mobility device of any of the above claims further comprising an emergency
button that when pressed establishes communications with one or more of a caregiver or an 911

emergency service.

34. A multifunctional smart cane, comprising:

a handle adapted to be gripped by a hand of a user;

a body having a base on one end and coupled to the handle on the other;

a screen built into the handle wherein the screen is visible to the user while gripping the
handle;

one or more activity tracking components carried by the smart cane for collecting
information about the user’s daily activity;

an electronic memory for storing the collected information about the user’s daily activity;
and

one or more electronic communication components to transmit the user’s daily activity

from the electronic memory in the smart cane to another electronic device.
35.  The smart cane of claim 34 wherein the display comprises a touch screen.
36.  The smart cane of claim 34 further comprising a GPS component and including turn-by-

turn visual guidance on the display, by voice output on a speaker on the smart cane or by

vibration output to the smart cane user.
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37.  The smart cane of claim 34 wherein the handle includes a gripping sensor used to power

on and power off the smart cane when the smart cane user grips the gripping sensor.

38.  The smart cane of claim 34 wherein the one or more electronic components is a SIM

card, a Wi-Fi communications module or a Bluetooth communications module.
39.  The smart cane of claim 34 wherein the one or electronic communication components
provides communication using a cellular network, an app push notification, a third party update

or a website update.

40.  The smart cane of claim 34 wherein in use the smart cane user receives applications and

services from a cloud based software platform via the smart cane.

41.  The smart cane of claim 34 wherein in use the smart cane user receives applications and

services from an application store via the smart cane.

42.  The smart cane of claim 34 wherein the one or electronic communication components

provides for entering user data into the smart cane using a smart device.

43.  The smart cane of claim 42 wherein the smart device is a smartphone, a smart watch, a

smart glass or a tablet.

44.  The smart cane of claim 34 wherein in use, the display provides information about the

user progress on a game based on user targets.

45.  The smart cane of claim 34 wherein in use, the display provides information about the

result of a social game wherein the user’s activity tracking is compared to another user.

46.  The smart cane of claim 34 wherein the memory contains information about a daily

activity pattern of the smart cane user.

47.  The smart cane of claim 34 wherein the daily activity pattern is a notification for the

smart cane user’s medication schedule.
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48.  The smart cane of claim 47 wherein the notification is sent automatically from the smart

cane to a caregiver, a doctor or an involved party.

49.  The smart cane of claim 34 wherein the smart cane is adapted and configured for use with

a mobile payment system,

50.  The smart cane of claim 34 wherein a rechargeable battery within the smart cane is

adapted and configured for wireless charging.

51.  The smart cane of claim 34 wherein a rechargeable battery within the smart cane is

adapted and configured for charging via a self-plugging magnetic plug.

52.  The smart cane of claim 34 wherein a rechargeable battery within the smart cane is
adapted and configured for wireless charging when a portion of the smart mobility aid device is

placed on a charging pad configured to charge the smart cane.

53.  The smart cane of claim 34 further comprising a sensor for detecting a biometric
measurement of the smart cane user selected from blood work, blood pressure, blood sugar, heart

rate, oxygen level/rate, ECG, EMG, muscle strain, humidity, UV or body temperature.

54,  The smart cane of claim 34 further comprising one or more smart cane user activity
tracking components selected from an accelerometer, a gyroscope, a MEMS magnetometer, a
barometric pressure sensor, a temperature sensor, a microcontroller, a flash memory, a digital

motion processor, a motion processing library or a Bluetooth low energy radio component.

55.  The smart cane of claim 34 further comprising the functions of a linear acceleration, a

heading, an altitude, a temperature, an angular velocity, or an angular position.

56. A multifunctional smart cane, comprising:

a handle adapted to be gripped by a hand of the smart cane user;

a body having a base on one end and coupled to the handle on the other;

a fingerprint sensor on the handle configured for identification of a fingerprint of the
smart cane user,

one or more activity tracking components carried by the smart cane for collecting

information about the user’s daily activity; and
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an electronic memory for storing the collected information about the user’s daily activity.

57.  The smart cane of claim 56 further comprising a display on the handle wherein the

display is visible to the user while gripping the handie.

58.  The smart cane of claims 56 or 57 further comprising one or more electronic
communication components to transmit the user’s daily activity from the electronic memory in

the smart cane to another electronic device.

59.  The smart cane of any of claims 56-58 wherein the fingerprint sensor is adapted and

configured to permit smart cane user account access.

60.  The smart cane of any of claims 56-59 wherein the fingerprint sensor is adapted and

configured to permit smart cane user activity tracking.

61.  The smart cane of claim 57 wherein the display comprises a touch screen.

62.  The smart cane of any of claims 56-61 further comprising a GPS component and
including turn-by-turn visual guidance on the display, by voice output on a speaker on the smart

cane or by vibration output to the smart cane user.

63.  The smart cane of claim 56 wherein the handle includes a gripping sensor used to power

on and power off the smart cane when the smart cane user grips the gripping sensor.

64.  The smart cane of claim 58 wherein the one or more electronic components is a SIM

card, a Wi-Fi communications module or a Bluetooth communications module.
65. The smart cane of claim 58 wherein the one or more electronic communication
components provides communication using a cellular network, an app push notification, a third

party update or a website update.

66.  The smart cane of any of claims 56-65 wherein in use the smart cane user receives

applications and services from a cloud based software platform via the smart cane.
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67.  The smart cane of any of claims 56-66 wherein in use the smart cane user receives

applications and services from an application store via the smart cane.

68. The smart cane of claims 64 or 65 wherein the one or more electronic communication

components provides for entering user data into the smart cane using a smart device.

69. The smart cane of claim 68 wherein the smart device is a smartphone, a smart watch, a

smart glass or a tablet.

70.  The smart cane of claim 56 wherein the memory contains information about a daily

activity pattern of the smart cane user.

71.  The smart cane of claim 70 wherein the daily activity pattern is a notification for the

smart cane user’s medication schedule.

72.  The smart cane of claim 71 wherein the notification is sent automatically from the smart

cane to a caregiver, a doctor or an involved party.

73.  The smart cane of any of claims 56-72 wherein the smart cane is adapted and configured

for use with a mobile payment system.

74.  The smart cane of any of claims 56-73 further comprising a sensor for detecting a
biometric measurement of the smart cane user selected from blood work, blood pressure, blood
sugar, heart rate, oxygen level/rate, ECG, EMG, muscle strain, humidity, UV or body

temperature.

75.  The smart cane of claim 56 wherein the one or more smart cane user activity tracking
components selected from an accelerometer, a gyroscope, a MEMS magnetometer, a barometric
pressure sensor, a temperature sensor, a microcontroller, a flash memory, a digital motion

processor, a motion processing library or a Bluetooth low energy radio component.

76.  The smart cane of claim 56 further comprising the functions of a linear acceleration, a

heading, an altitude, a temperature, an angular velocity, or an angular position.

-29.



10

15

20

25

30

WO 2015/148578 PCT/US2015/022341

77. The smart cane of any of claims 34-55 or claims 56-76 wherein the cane comprises a

light operable by a light sensor.

78.  The smart cane of claim 77 wherein the light comes on automatically when the light

sensor detects darkness.

79.  The smart cane of claims 77 or 78 wherein the cane includes a glowing color selected to

aid in finding the cane in the dark.

80.  The smart cane of any of claims 34-55 or claims 56-76 wherein the cane is adapted and

configured to be folded to reduce its size.

81.  The smart cane of claim 80 the cane further comprising an unfolding button that will

cause the cane to automatically fold or unfold.

82.  The smart cane of any of claims 34-55 or claims 56-76 wherein the cane is adapted and

configured to generate a sound to aid in being located by the smart cane user.

83.  The smart cane of any of claims 34-55 or claims 56-76 wherein the cane is adapted and

configured for being located using a GPS system working with a smart device.

84.  The smart cane of any of claims 34-55 or claims 56-76 the cane further comprising a base

changing mechanism allowing for removal of one base type and replacement with another base

type.

85. The smart cane of claim 84 wherein a user preference determines the removal of one base

type and the replacement of another base type.

86.  The smart cane of claim 84 wherein a smart cane advice determines the removal of one

base type and the replacement of another base type.

87.  The smart cane of claims 85 or 86 wherein the one base type and the another base type

are selected from a basic base, a tripod base, a flexible base and an ice tip base.
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88. The smart cane of any of claims 34-55 or claims 56-76 the cane further comprising an
emergency button that when pressed establishes communications with one or more of a caregiver

or an 911 emergency service.

89. A method of using a smart mobility assistance device for tracking the activity of a person
using the smart mobility assistance device, comprising:

collecting data from one or more health monitoring sensors placed on the smart mobility
assistance device for monitoring a health parameter of the person during a regular use of the
smart mobility assistance device;

analyzing the data from the collecting step; and

representing a recommendation for the person or any involved party based on the

analyzing step.

90.  The method of claim 89 wherein the one or more health monitoring sensors includes a
sensor for detecting one or more biometrics of the person using the smart mobility assistance
device.

91.  The method of claim 89 wherein the health parameter of the person is one or more of a
blood pressure, a heart rate, an oxygen level, an oxygen rate, an ECG, an EMG, a muscle strain,

or a-body temperature.

92.  The method of claim 89 wherein the regular use is walking, stepping, tapping, or using

the smart mobility aid device for creating a daily pattern of activity.

93.  The method of claim 89 wherein the regular use comprises an activity tracking of the

smart mobility device user.

94.  The method of claim 93, the activity tracking including counting the number of steps

taken by the smart mobility aid user.
95.  The method of claim 94, the activity tracking including recording an activity speed.

96.  The method of claim 93 wherein the mobility assistance device is a smart cane and the

activity tracking including monitoring a motion sensor and a pressure sensor on the cane.
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97.  The method of claim 89 the collecting step further comprising determining a current

activity is initiated using a motion sensor.

98.  The method of claim 97 providing a time when the current activity is initiated and

recording the duration of the current activity.

99.  The method of claim 97 wherein the current activity is walking, running, sitting,

watching TV or going to the bathroom.

100. The method of claim 89 the collecting step further comprising entering information about

the person using the smart assistive mobility aid device using a screen on the mobility aid device.

101. The method of claim 89 the collecting step further comprising entering information about

the person using the smart assistive mobility aid device using one or more smart devices.

102. The method of claim 101 wherein the one or more smart devices is a smart phone, a

smart watch, a pair of smart glasses or a tablet.

103. The method of claim 89 wherein the step of representing collected information and data

is performed on a smart phone.

104. The method of claim 89 wherein representing includes recommendation to use a different

smart mobility aid device.

105.  The method of claim 104 wherein the recommendation includes transitioning a person

using a smart mobility cane to using a smart mobility walker.
106. The method of claim 89 wherein the analyzing the data step is performed on the smart
mobility aid device, on a smart device in communication with mobility device or on a remote

SErver.

107. The method of claim 89 wherein the analyzing step includes performing a predictive

analysis.
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108. The method of claim 89 wherein the analyzing step includes using an artificial

intelligence algorithm.

109. The method of claim 89 wherein the representing step includes providing the user or any

involved party with live feedback on the user’s performance using the smart mobility aid device.

110. The method of claim 89 wherein the representing step includes providing the user with

live motivational feedback based on performance towards activity targets.

111. The method of claim 89 wherein the representing step includes providing the user

feedback based on comparison to other smart mobility aid device users via social gaming.

112.  The method of claim 89 further comprising using an artificial intelligence algorithm with
input from motion sensors to differentiate between a falling smart mobility aid user and a

dropping smart mobility aid device.

113. The method of claim 112 wherein in the case of a falling smart mobility aid user there is
a step of providing an emergency notification to caregiver or providing an alarm or calling an

911 emergency service provider.

114. The method of claim 89 further comprising creating a daily activity pattern of the smart
mobility aid device user from collected information about the smart mobility aid device user’s

activities with the smart mobility aid device.

115. The method of claim 89 further comprising detecting an input from a distance sensor, the
representing step including warning the user of the object or obstacle detected by the distance

sensor.
116. The method of claim 89 the representing further comprising providing turn by turn
visual, voice or vibration guidance based on a GPS sensor provided by the smart mobility aid

device.

117. The method of claim 89 the representing further comprising providing a health status

indicator of the person using the smart mobility aid device.
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118. The method of claim 117 wherein the indicator is provided in the form of a light, an LED

light, a sound, a vibration, or a glyph.

119. The method of any of claims 89-118 wherein a portion of the collecting step, the
analyzing step or the representing step further comprises communicating a portion of the
collected data to another device using a communications module on the smart mobility aid

device.

120. The method of claim 119 wherein the another device is a smart phone, a smart watch, a

tablet or a smart glasses.

121. The method of any of claims 89-118 further comprising communicating the collected
information and data of the smart mobility aid device to the person using the smart mobility aid
device using a built in screen on the mobility aid device, a touch screen, a voice command from a
speaker on the smart mobility aid device, by a vibration generated by the mobility aid device, or

using a different electronic device.

122. The method of claim 121 wherein the different electronic device includes a smart phone,

a smart watch or a smart glasses.

123.  The method of any of claims 89-122 further comprising using a fingerprint sensor for

identifying the person using the smart mobility aid device.

124. The method of any of claims 89-123 further comprising using a fingerprint sensor for
signing in or signing out of an account assigned to the person using the smart mobility aid

device.

125. The method of any of claims 89-124 further comprising using a fingerprint sensor for

tracking the activities of the person using the smart mobility aid device.
126. The method of any of claims 89-125 further comprising integrating the smart mobility aid

device with a mobile payment system and using the smart mobility aid device as a payment

method for services.
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127. A smart mobility aid device having activity tracking and monitoring capabilities,
comprising:

a first sensor configured to detect motion of the device corresponding to rotation, shake,
linear acceleration, heading, angular velocity, or angular position while the mobility aid device is
in contact with a person using the device;

a second sensor configured to detect at least one biometric parameter of the person using
the device; and

a processor in communication with the first and second sensors that utilizes an algorithm
to discriminate between the smart device user falling and the smart device falling based on data

received from the first and second sensors.

128. The device of claim 127 further comprising a server in communication with the device

and located remotely from the device.

129. The device of claim 127 wherein the first sensor is selected from the group consisting of

an accelerometer, gyroscope, and MEMS magnetometer.

130. The device of claim 127 wherein the smart mobility aid device is a smart cane and the

first sensor is positioned within the cane.

131.  The device of claim 130 wherein the second sensor is positioned within a handle of the

cane such that in use the second sensor is in contact with the patient.

132.  The device of claim 127 wherein the at least one biometric parameter is selected from the

group consisting of blood pressure and heart rate.

133. The device of claim 127 wherein the second sensor is configured to detect a weight

imparted by the patient upon the device.

134. The device of claim 127 wherein the motion detected by the first sensor is selected from

the group consisting of walking, running, standing up, sitting down, and falling.

135. The device of claim 127 wherein the smart mobility aid device is configured as a cane, a

walker, a wheelchair, a scooter, or a crutch.
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136. The device of claim 127 wherein the device is configured to be in wireless

communication with a remote party.

137. The device of claim 136 wherein the processor is programmed to initiate contact with the

remote party when triggered by a predetermined parameter.

138.  The device of claim 127 further comprising a third sensor in communication with the

processor and which is configured to detect an audio signal from the patient.

139.  The device of claim 127 further comprising a third sensor in communication with the
processor and which is configured to detect an ambient light level and a light in communication

with the third sensor.

140.  The device of claim 127 further comprising a user interface in communication with the

processor.

141. A method of monitoring a person using a smart mobility aid device, comprising:

detecting a motion of the person via a first sensor incorporated into the smart mobility
device in use by the person, wherein the motion corresponds to one or more of rotation, shake,
linear acceleration, heading, angular velocity, or angular position while the mobility aid device is
in contact with a person using the device;

receiving an input via a second sensor incorporated into the smart mobility aid device;

determining if the person using the smart mobility aid device has fallen via a processor in
communication with the first and second sensors based on data received from the first and
second sensors; and

transmitting information relating to the fallen person to a server located remotely from

the person using the smart mobility aid device.
142.  The method of claim 141 wherein the step of detecting a motion is performed using a
first sensor selected from the group consisting of an accelerometer, gyroscope, and MEMS

magnetometer.

143.  The method of claim 141 wherein receiving the input via a second sensor comprises

detecting at least one biometric parameter of the person.
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144. The method of claim 143 wherein detecting at least one biometric parameter comprises

detecting blood pressure or heart rate.

145. The method of claim 141 wherein transmitting information comprises transmitting to a

server in communication with the processor and located remotely from the housing.

146. The method of claim 141 wherein the first sensor is positioned within or carried by a

smart mobility aid device configured as a cane configured to be held by the person.

147. The method of claim 146 wherein the second sensor is positioned within a handle of the
cane such that in use the second sensor is in contact with the person using the smart mobility aid

device.

148. The method of claim 143 wherein detecting at least one biometric parameter comprises

detecting a weight imparted by the patient upon the smart mobility aid device.

149.  The method of claim 141 wherein detecting a motion comprises detecting the motion

selected from the group consisting of walking, running, standing up, sitting down, and falling.

150. The method of claim 141 wherein the smart mobility aid device is selected from the

group consisting of a cane, a walker, a wheelchair, a scooter, or a crutch.

151. The method of claim 141 wherein transmitting comprises transmitting the information

when triggered by a predetermined parameter.

152. The method of claim 141 further comprising detecting an audio signal from the patient

via a third sensor in communication with the processor.

153.  The method of claim 141 further comprising detecting an ambient light level via a third

sensor in communication with the processor.

154. The method of claim 141 further comprising displaying the information via a user

interface in communication with the processor.

155. A method of monitoring a person using a smart mobility aid device, comprising:
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receiving an input via a first sensor incorporated into the smart mobility aid device;

determining if the person using the smart mobility aid device has fallen via a processor in
communication with the first sensor based on data received from the first sensor; and

transmitting information relating to the fallen person to a server located remotely from

the person using the smart mobility aid device.

156. The method of claim 155 further comprising:

detecting a motion of the person via a second sensor incorporated into the smart mobility
device in use by the person, wherein the motion corresponds to one or more of rotation, shake,
linear acceleration, heading, angular velocity, or angular position while the mobility aid device is

in contact with a person using the device.

157. The method of claim 156 wherein the determining step includes input from the second

sensor.

158. The method of claim 156 wherein the step of detecting a motion is performed using a
second sensor selected from the group consisting of an accelerometer, gyroscope, and MEMS

magnetometer.

159. The method of claim 155 wherein receiving the input via a first sensor comprises

detecting at least one biometric parameter of the person.

160. The method of claim 159 wherein detecting at least one biometric parameter comprises

detecting blood pressure or heart rate.

161. The method of claim 155 wherein transmitting information comprises transmitting to a

server in communication with the processor and located remotely from the housing.

162. The method of claim 156 wherein the second sensor is positioned within or carried by a

smart mobility aid device configured as a cane configured to be held by the person.
163. The method of claim 155 wherein the first sensor is positioned within a handle of the

cane such that in use the second sensor is in contact with the person using the smart mobility aid

device.
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164. The method of claim 159 wherein detecting at least one biometric parameter comprises

detecting a weight imparted by the patient upon the smart mobility aid device.

165. The method of claim 156 wherein detecting a motion comprises detecting the motion

selected from the group consisting of walking, running, standing up, sitting down, and falling.

166. The method of claim 155 wherein the smart mobility aid device is selected from the

group consisting of a cane, a walker, a wheelchair, a scooter, or a crutch.

167. The method of claim 155 wherein transmitting comprises transmitting the information

when triggered by a predetermined parameter.

168. The method of claim 155 further comprising detecting an audio signal from the patient

via a third sensor in communication with the processor.

169. The method of claim 155 further comprising detecting an ambient light level via a third

sensor in communication with the processor.

170. The method of claim 155 further comprising displaying the information via a user

interface in communication with the processor.

171. A smart mobility aid device according to any of the above claims adapted and configured to
alarm, notify, and/or remind a mobility aid device user or interested party about a smart mobility
device user medication schedule using a voice reminder, a vibration reminder and/or an on

screen reminder.

172. A smart mobility aid device according to any of the above claims wherein when a
mobility aid device user takes a medication according to a medication schedule a caregiver or
any involved parties are notified.

173. A smart mobility aid device according to any of the above claims wherein the medication
schedule of a smart mobility aid device user made be modified, entered, managed, updated

and/or tracked by the mobility aid device user, a caregiver or a doctor.

174. A smart mobility aid device according to any of the above claims adapted and configured

to communicate and connect to a regular medicine container or a smart medication container.

-39.



WO 2015/148578 PCT/US2015/022341

1/13

.

&
FIG. 1A

.
LI
-
.
.
.
.t
.
.
.
.
.
.
.
.
. ®
.
.
.
N
.



WO 2015/148578 PCT/US2015/022341

213
SCREEN
FINGERPRINT
SENSOR
HEART RATE SENSOR

HANDLE

SENSORS

Handle sensors

Figure 1B

SUBSTITUTE SHEET (RULE 26)



WO 2015/148578 PCT/US2015/022341

3/13

=




WO 2015/148578 PCT/US2015/022341

4/13

FIG. 1D




WO 2015/148578 PCT/US2015/022341

5/13

FIG. 1E




WO 2015/148578 PCT/US2015/022341

6/13

FIG. 1F




WO 2015/148578

73

PCT/US2015/022341

FLASH
B MEMORY
LI-ION/LI-POLYMER
BATTERY CHARGE e v——
USB — ACCELEROMETER
CONNECTOR MAGNETOMETER
LOW
DROPOUT cPU PRESSURE
BATTERY REGULATION BATTERY TEMPERATURE
CONTACTS Voo MONITOR .
— | BLUETOOTH .
L LOW ENERGY Y
BIO
—|  SENSORS
BOARD-TO-BOARD
CONNECTOR .
Sensors module diagram Sgrflgggs
Figure 2
7 Z
—{ PULLEY
MOTOR J
SPRING
ROPE_"]

Automatic lifting mechanism

Figure 3

SUBSTITUTE SHEET (RULE 26)




WO 2015/148578 PCT/US2015/022341

8/13

- ;
. ~ T ¢ R
Caregiver Smart [/ ! .
Device n | H K%
b.g. Phone, Tablet, Smart watch o' ! g R
glass b ] :
», E Smart Device
A ! :2.g. Phone, Tablet, Smart watch or
g 4 ¢ ‘5. % G
Caregiver Smart |/ { J glass
Device N+1 ‘
e.g. Phone, Tablet, Smart watch of
glass e

Cane or any Mobility
Aid Device

Figure 4: Wi-Fi communication



PCT/US2015/022341

9/13

WO 2015/148578

. , #
Caregiver Smart |/ ¢ \‘
Device n N %
.g. Phone, Tablet, Smart watch or ¥, ! \
glass A Y
' } A % C .
AN \  Smart Device
" \_ o o Phone, Tablet, Smart watch or
Caregiver Smart |/ Ny e glass
Device n+1 f B R
e.g. Phone, Tablet, Smart watch of ,a*“gﬁxd Catd :
glass T Bluetooth
WiEIg |
Cane or any Mobility
Aid Device

Figure 5: SIM card communication



PCT/US2015/022341

WO 2015/148578
10/13

Caregiver Smart
Device n =
0.g. Phone, Tablet, Smart watch or
glass !
i, * User Smart Device
,' e.g. Phone, Tahlet, Smart watch or
Caregiver Smart ! glass
Device n+l .
e.g. Phone, Tablet, Smart watch orf .« sim ca
glass b E T RO
WIE
Cane or any Mobility
Aid Device

Figure 6: Bluetooth communication



WO 2015/148578 PCT/US2015/022341

11/13

Power Source

FIG. 7A




PCT/US2015/022341

WO 2015/148578

12/13

yeys ey pue uid sy} Joj UoIIO9S SS0ID

J.'Old

g/, '9Old



PCT/US2015/022341

WO 2015/148578

13/13

olpny

ainssald /82104

8 'Ol

JOAISG ojouay
1o pno|p/eoireq

\ J
4 )
losusg
yono] aaioede)
\ J h 4
e
/~ uonisod ) uonoe.Iaju|
lejnBuy/Ajo0len Aped piyl ‘g
lejnbuy \
JUONRIBI800Y
\_ Jeaui Y, 4 )
w N Aows |y
ele 0077
2doos0iAD) 1ed [eoo1 0l
\_ J
\. J/
w 3 ( )
siosueg
J9jPWoI8|800Y
aouejeg v
\, / \_ y,
( SIOsSud )
losuag S
ainssald poojq 2Inssald
L poolgd ¢ y

Hews Jasn
uo sisAjeuy
eled 6
UOIIBOIINWILICD
|||||||||||| ssepipy T~
\ 4
891A9(] UO uonoeisiu|
sisAjeuy ejeq ‘9 lesn L
A
~ A
uolo9||0n Bleq Siosuss
. e ¢
\_ Y,
e ™
losueg
ojey HesH |
. v,

ainssald / 92104

J

losueg
yono] anpoede)
\

,

J

JejnBuyy/Ajo0oA
Jenbuy
JUOIIRID|S00Y

(" uomsod

f lesur y

~

SdoO

~

adoosoihg

19)aUI0IB|2IY

losuag
ajey HeoH




	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 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings

