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MOBILITY ASSISTANCE DEVICE AND METHOD OF PROVIDING MOBILITY
ASSISTANCE

TECHNICAL FIELD

The present disclosure relates generally to orientation and mobility
devices; and more specifically, to mobility assistance devices and
methods of providing mobility assistance to a user, for example providing

navigational assistance to the user.
BACKGROUND

Over 253 million people are estimated to be visually impaired or blind
worldwide, of which 36 million people are blind, and 217 million people
suffer from moderate to severe visual impairment (MSVI). United Nations
data predicts the global population will increase to 9.7 billion by 2050 and
an even greater relative increase in the numbers of people aged over 80
is expected. Overall, there may be some 703 million people who are blind
or have MSVI by the year 2050. Traditionally, the visually impaired have
depended on guide dogs, canes, audible traffic signals and braille signs
to navigate. However, without Orientation and Mobility training (O&M), it
is extremely difficult for blind people to navigate through and understand
their surroundings. Even with training, visually impaired people are
confined to routes and places they are familiar with and must be
constantly alert to sense cues, build a cognitive model of space and

understand their routes in extreme detail.

Whether totally blind or with impaired vision, the visually impaired face
significant challenges when moving around and interacting with their
surroundings. Notably, wayfinding is a particular issue that prevents blind
or visually impaired people from engaging in typical activities, such as

socialising or shopping. Currently, guide dogs are the most effective aid
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for the blind and visually impaired as they allow individuals to traverse
routes significantly faster than those with the traditional white cane.
However, a vast majority of the blind and visually impaired community
are unable to house an animal, due to issues such as long waiting lists,
busy lifestyles, allergies, house size and/or expenses. As a result, millions
of blind and visually impaired users rely on mobility equipment which
does not come close to matching the utility of a guide dog. The problem
is further widened by a diverse range of abilities within the visually
impaired community as there is a spectrum of sight loss and each

condition is individual to the user.

In recent times, there have been many solutions which attempt to
improve the wayfinding experience for visually impaired people, although
most of these have not been adopted by the blind community as they do
not consider the variabilities between people of different physical and
mental abilities. Furthermore, walking with a cane is an intensely focused
task, with the user having to take into account every bit of useful detail
from the rustling of a person’'s jacket to the texture of the pavement. The
most widely used sensor technologies for assistive devices for the visually
impaired are ultrasound sensors. Many smart canes, for example, usually
feature ultrasonic sensors which vibrate when objects, such as low
hanging trees, traffic signs and objects are near. However, these include
a feedback system which often lacks intuition and is not well considered.
Conventional solutions aim to extend senses for the user to provide them
a better idea of the environment. However, this can further disorientate
and confuse the user. Correspondingly, it is difficult to communicate the
3D environment though haptic signals which are usually transmitted
through flat/planar areas on the skin or through clothing. Furthermore,
prompting provided in this manner still require the user to visualise a
cognitive model of the surroundings, this slowing down visually impaired

people while they try to walk through an environment. Notably, decisions
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during walking have to take place in a fraction of a second and in the case

of a sighted person are usually automatic.

Therefore, in light of the foregoing discussion, there exists a need to
overcome the aforementioned drawbacks associated with conventional

methods for providing assistance to the visually impaired.
SUMMARY

The present disclosure seeks to provide a mobility assistance device. The
present disclosure also seeks to provide a method of providing mobility
assistance to a user of the device. The present disclosure seeks to provide
a solution to the existing problem of complicated operation and
inadequacy of conventional assistance devices. An aim of the present
disclosure is to provide a solution that overcomes at least partially the
problems encountered in prior art, and provides an intelligent, intuitive
assistance device that is suitable for use with by people with all types of

visual disabilities.

In one aspect, the present disclosure provides a mobility assistance

device comprising

- a housing;
- a sensor arrangement for acquiring information relating to an
environment in which the device is being used;
- a tracking means for tracking a position and an orientation of the
device;
- a processing arrangement configured to
- receive an input relating to a destination of a user of the device,
- receive the information relating to the environment from the
sensor arrangement,
- receive a current position and a current orientation of the device

from the tracking means,
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- determine an optimal route for reaching the destination starting
from the current position of the device, and
- compute a sequence of navigational commands for the optimal
route; and
- a force feedback means configured to execute one or more actions to
communicate the navigational commands to the user, wherein the one or

more actions assist the user in traversing the optimal route.

In another aspect, the present disclosure provides a method of providing
mobility assistance to a user using the device of any of the preceding

claims, the method comprising

- receiving an input relating to a destination of the user;

- receiving information relating to an environment in which the device is
being used;

- receiving a current position and a current orientation of the device;

- determining an optimal route for reaching the destination starting from
the current position of the device;

- computing a sequence of navigational commands for the optimal route;
and

- executing one or more actions, via the device, to communicate the
navigational commands to the user, wherein the one or more actions

assist the user in traversing the optimal route.

Embodiments of the present disclosure substantially eliminate or at least
partially address the aforementioned problems in the prior art, and
enables assistance for navigation that has a similar level of orientation

and mobility only previously provided by guide dogs.

Additional aspects, advantages, features and objects of the present
disclosure would be made apparent from the drawings and the detailed
description of the illustrative embodiments construed in conjunction with

the appended claims that follow.
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It will be appreciated that features of the present disclosure are
susceptible to being combined in various combinations without departing
from the scope of the present disclosure as defined by the appended

claims.
BRIEF DESCRIPTION OF THE DRAWINGS

The summary above, as well as the following detailed description of
illustrative embodiments, is better understood when read in conjunction
with the appended drawings. For the purpose of illustrating the present
disclosure, exemplary constructions of the disclosure are shown in the
drawings. However, the present disclosure is not limited to specific
methods and instrumentalities disclosed herein. Moreover, those skilled
in the art will understand that the drawings are not to scale. Wherever

possible, like elements have been indicated by identical numbers.

Embodiments of the present disclosure will now be described, by way of

example only, with reference to the following diagrams wherein:

FIG. 1 is a block diagram of a mobility assistance device, in accordance
with an embodiment of the present disclosure;

FIG. 2 is a perspective view of a mobility assistance device, in accordance
with an embodiment of the present disclosure;

FIG. 3 is a cross-sectional side view of the mobility assistance device, in
accordance with an embodiment of the present disclosure;

FIG. 4 is an exploded view of a gyroscopic assembly, in accordance with
an embodiment of the present disclosure; and

FIG. 5 is a flowchart depicting steps of a method of providing mobility
assistance to a user, in accordance with an embodiment of the

present disclosure.

In the accompanying drawings, an underlined number is employed to
represent an item over which the underlined number is positioned or an

item to which the underlined number is adjacent. A non-underlined
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number relates to an item identified by a line linking the non-underlined
number to the item. When a number is non-underlined and accompanied
by an associated arrow, the non-underlined number is used to identify a

general item at which the arrow is pointing.
DETAILED DESCRIPTION OF EMBODIMENTS

The following detailed description illustrates embodiments of the present
disclosure and ways in which they can be implemented. Although some
modes of carrying out the present disclosure have been disclosed, those
skilled in the art would recognize that other embodiments for carrying

out or practising the present disclosure are also possible.

In one aspect, the present disclosure provides a mobility assistance

device comprising

- a housing;
- a sensor arrangement for acquiring information relating to an
environment in which the device is being used;
- a tracking means for tracking a position and an orientation of the
device;
- a processing arrangement configured to
- receive an input relating to a destination of a user of the device,
- receive the information relating to the environment from the
sensor arrangement,
- receive a current position and a current orientation of the device
from the tracking means,
- determine an optimal route for reaching the destination starting
from the current position of the device, and
- compute a sequence of navigational commands for the optimal

route; and
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- a force feedback means configured to execute one or more actions to
communicate the navigational commands to the user, wherein the one or

more actions assist the user in traversing the optimal route.

In another aspect, the present disclosure provides a method of providing
mobility assistance to a user using the device of any of the preceding

claims, the method comprising

- receiving an input relating to a destination of the user;

- receiving information relating to an environment in which the device is
being used;

- receiving a current position and a current orientation of the device;

- determining an optimal route for reaching the destination starting from
the current position of the device;

- computing a sequence of navigational commands for the optimal route;
and

- executing one or more actions, via the device, to communicate the
navigational commands to the user, wherein the one or more actions

assist the user in traversing the optimal route.

The device and the method of the present disclosure aims to provide an
assistance for navigation that has a similar level of orientation and
mobility only previously provided by guide dogs. The mobility assistance
device drastically reduces the mental and physical effort conventionally
required for mobility aids by automating the tasks of the human visual
system and mental tasks associated with walking. The present disclosure
enables a high-fidelity physical feedback system that mainly provides
guiding assistance to the user instead of providing prompts or alerts to
the user. Notably, as the user walks along a route, the device determines
appropriate trajectories and speeds to avoid oncoming obstacles or
hazards, adheres to a predetermined route and communicates this
through guiding directional forces. The force feedback means of the

present disclosure can adapt with respect to various diverse orientation
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and mobility scenarios that would otherwise take more time to navigate.
Notably, the processing arrangement does not merely convert
environmental information into tactile signals, but manages several
walking decisions that were conventionally made by the user to provide
a comfortable and intuitive walking experience to the user. Furthermore,
the device only requires use of one hand of the user and thus the device
can be used in a standing position or whilst seated in a wheelchair, for
example in an electronic wheelchair. The mobility assistance device can
further assist in tackling specific interactions for different types of terrain
such as elevators, stairways, doorways, pedestrian crossings and so
forth. The mobility assistance device may be employed in local or long-
distance navigation and leverages real-time data relating to weather,
traffic and the like, to guide users safely and efficiently. Furthermore, the
device is compact, portable, light-weight and comfortable to use for
prolonged periods of time. Furthermore, the device disclosed in the
present disclosure provides different modes of functionality depending on
the situation to ensure the user has awareness and control when a risk

factor of the environment around the user increases.

Pursuant to embodiments of the present disclosure, the mobility
assistance device is intended to be used by people with disabilities,
specifically people with moderate to severe visual impairment. Notably,
the mobility assistance device is designed as a replacement for
conventional assistance methods such as a white cane or a guide dog.
The mobility assistance device, by way of one or more actions executed
thereby, leads the user of the device along a route while avoiding
obstacles ensuring that the user walks in a straight line when necessary,
aids in orientation referencing and ensures route adherence. For the sake
of brevity, hereinafter the term "mobility assistance device" is used

interchangeably with the term "device”.
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Although mainly intended for use by the visually impaired, the device and
method provided in the present disclosure should not be considered
limited thereto. Notably, in virtual reality applications or in gaming, the
device may simulate forces acting on a player. Furthermore, the device
could be used to help normal people navigate through darkness, or
provide navigational assistance to another user at a distance. For
example, a user holding the device will be able to interpret directional
commands (e.g. suggested walking manoeuvres) in real time from a
person operating the device from a distance. Moreover, the device may
be used as a tool to communicate navigational commands such as
directions and walking pace, in an art exhibition, a museum, during hikes,
in blind running or skiing, or optionally, may be used for mobility

rehabilitation.

The device comprises a housing. Herein, the term "housing” refers to a
protective covering encasing the components (namely, the sensor
arrangement, the tracking means, the processing arrangement, the force
feedback means) of the mobility assistance device. Notably, the housing
is fabricated to protect the components of the device from damage that
may be caused due to falling, bumping, or any such impact to the device.
Examples of materials used to manufacture the housing include, but are
not limited to, polymers (such as polyvinyl chloride, high density
polyethylene, polypropylene, polycarbonate), metals and their alloys
(such as aluminium, steel, copper), non-metals (such as carbon fibre,
toughened glass) or any combination thereof. It will be appreciated that
the housing is ergonomically designed to allow comfortable grip of the
user for prolonged periods of time, allowing maximum range of

movement between a supination and pronation grip.

The device comprises a sensor arrangement for determining information
relating to an environment in which the device is being used. It is to be

understood that the environment in which the device is being used is
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same as environment surrounding the user of the device, as the device
is handheld by the user. Therefore, the information relating to the
environment provides insight into various factors that have to be taken
into account prior to providing navigational commands to the user.
Specifically, information relating to the environment provides an estimate
of topography of the area surrounding the user that has to be navigated
using the navigational commands provided by the device. The
information relating to the environment includes, but is not limited to,
distance between physical objects in the environment and the device, one
or more images of the environment, degree of motion in the environment,

audio capture and noise information of the environment.

Throughout the present disclosure, the term "sensor arrangement” refers
to an arrangement of one or more sensors, and peripheral components
required for operation of the sensors and transmittance or
communication of the data captured by the sensors. Herein, a sensor is
a device that detects signals, stimuli or changes in quantitative and/or
qualitative features of a given environment and provides a corresponding

output.

Optionally, the sensor arrangement comprises at least one of: a time-of-
flight camera, an RGB camera, an ultrasonic sensor, an infrared sensor,
a microphone array, a hall-effect sensor. The time-of-flight camera is a
range imaging camera system that employs time-of-flight techniques to
resolve distance between the camera (i.e. the device) and the subject for
each point of the image, by measuring the round-trip time of an artificial
light signal provided by a laser or an LED. Herein, the time-of-flight
camera is employed to calculate distance between physical objects in the
environment and the device. The time-of-flight cameras employ
principles of depth sensing and imaging to calculate such distance. The
RGB camera, or the Red Green Blue (RGB) camera refers to a

conventional camera with a standard CMOS sensor using which coloured
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images of the environment can be captured. Notably, the captured
coloured images of the environment provide insight into environmental
parameters such as topography, number of obstacles or barriers in the
environment, a type of environment (such as indoors, outdoors, street,
parking space and the like), and so forth. Similar to the time-of-flight
camera, the ultrasonic sensor provides information relating distance
between physical objects in the environment and the device. The infrared
sensor, or broadly, a thermographic camera, uses infrared radiation to
generate images of the environment. Notably, such images provide
information relating to the distance of the object and provide an estimate
of the degree of motion in the environment. The microphone array refers
to a configuration of a plurality of microphones that operate
simultaneously to capture sound in the environment. Notably, the
microphone array may capture far-field speech in the environment and

optionally, a voice input from the user of the device.

The device comprises a tracking means for tracking a position and an
orientation of the device. It will be appreciated that to accurately provide
navigational commands to the user, via the device, the position and
orientation of the device is to be known at all times, in order to execute
one or more actions based on current position and current orientation of
the device. Herein, the term "position” refers to a geographical location
at which the device is located. Notably, since the device is handheld by
the user, the position of the device is same as a position of the user.
Furthermore, the position may also include an elevation or altitude of the
device with respect to the ground level, for example when the device and
the person are on a higher floor of a building. Herein, the term
"orientation"” refers to a three-dimensional positioning of the device. In
particular, the orientation provides information relating to a positioning
of the device with respect to x-, y-, and z-axis in a three-dimensional
space. In other words, the orientation of the device, when handheld by

the user, may be described as analogous to principal axes of an aircraft,
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wherein the device is capable of rotation in three dimensions, namely, a
yaw (left or right), a pitch (up or down) and a roll (clockwise or counter-
clockwise). It will be appreciated that a movement of the device along
any one of the axes as described above is indicative of a specific
navigational command. For example, a movement of the device along the
yaw axis may indicate the user to turn left or right; a movement of the
device along the pitch axis may indicate the user to increase or decrease
walking speed; and a movement of the device along the roll axis may
indicate to the user to turn clockwise or counter-clockwise. Herein, the
tracking means tracks (namely, determines) the position and the

orientation of the device.

In an embodiment, the tracking means comprises at least one of: a
satellite navigation device, an inertial measurement unit, a dead
reckoning unit. The satellite navigation device, such as a Global
Positioning System (GPS) receiver, is a device configured to receive
information from global navigation satellite systems (GNSS) to determine
the geographical location of the device. Such navigation devices are well
known in the art. The inertial measurement unit is an electronic device
employing a combination of accelerometers, gyroscopes and optionally,
magnetometers, used to determine the orientation of the device in a
three-dimensional space. Furthermore, the inertial measurement unit
assists in determination of the geographical location in an event when
satellite signals are unavailable or weak. The inertial measurement unit
uses raw IMU data to calculate attitude, linear velocity and position of the
device relative to a global reference frame. Furthermore, the dead
reckoning unit is employed in an event when the satellite signals to the
satellite navigation device are unavailable. The dead reckoning unit
determines a current position of the device based on a last known position
of the device, historical movement data of the user of the device and an
estimated predicted movement trajectory of the user. Generally, the dead

reckoning unit comprises a processor configured to perform such
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calculations, that functions in communication with the satellite navigation

device and the inertial measurement unit.

The device comprises a processing arrangement. As used herein, the
processing arrangement may include, but is not Ilimited to, a
microprocessor, a microcontroller, a complex instruction set computing
(CISC) microprocessor, a reduced instruction set (RISC) microprocessor,
a very long instruction word (VLIW) microprocessor, or any other type of
processing circuit. Furthermore, the processing arrangement may refer
to one or more individual processors, processing devices and various
elements associated with a processing device that may be shared by
other processing devices. The processing arrangement is arranged within
the housing of the device. The processing arrangement comprises a
memory. Furthermore, the device comprises a transceiver communicably
coupled to the processing arrangement, wherein the transceiver is
configured to enable data communication of the processing arrangement
with one or more external devices, using one or more data
communication networks. Such data communication networks include,
but are not limited to, Local Area Networks (LANs), Wide Area Networks
(WANs), Metropolitan Area Networks (MANs), the Internet, radio

networks (such as Bluetooth®, NFC®), telecommunication networks.

Optionally, the processing arrangement is communicably coupled to an
external cloud-based processing unit via the data communication
network. Notably, the external cloud-based processing unit may perform
computationally intensive tasks after receiving instructions from the
processing arrangement and communicate the output to the processing
arrangement. It will be appreciated that offloading tasks that involve
intensive computational load to the external cloud-based processing unit
enables use of a simpler processing arrangement in the device, thereby

reducing size thereof. Such compact processing arrangement does not
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add significant weight to the device, thereby ensuring that the device is

lightweight.

The processing arrangement is configured to receive an input relating to
a destination of a user of the device. Herein, the term “destination” refers
to a geographical location relating to which navigational commands are
to be provided to the user of the device. It will be appreciated that the
destination may be received as an input from the user in real-time, or
may be pre-programmed in the processing arrangement, or may be
received by the processing arrangement from a remote location and the
like. Optionally, the device is provided with a microphone to receive voice

inputs relating to the destination from the user of the device.

In an embodiment, the mobility assistance device comprises a display
and a keypad. Alternatively, or additionally, the device comprises a
touchpad. Notably, the display and the keypad and/or the touchpad
provide an interface which enables the user of the device to provide the

input relating to the destination to the processing arrangement.

In another embodiment, the mobility assistance device is communicably
coupled to a portable electronic device, wherein the portable electronic
device is implemented as an input device to provide inputs to the mobility
assistance device and specifically, the processing arrangement. Herein,
the term “portable electronic device” refers to an electronic device
associated with (or used by) a user that is capable of enabling the user
(or, another person) to perform specific tasks associated with the
aforementioned mobility assistance device. Examples of portable
electronic devices include, but are not limited to, cellular phones,
personal digital assistants (PDAs), handheld devices, laptop computers,
personal computers, etc. The portable electronic device is intended to be
broadly interpreted to include any electronic device that may be used for
data communication with the device over a wired or wireless

communication network. Beneficially, the portable electronic device
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enables a sophisticated user-interface to the user for providing the input,
thereby ensure a hassle-free experience of the user. It will be appreciated
that another person, authorised by the user, may use the portable
electronic device to provide inputs to the mobility assistance device.
Optionally, the mobility assistance device may be configured to receive
inputs from multiple portable electronic devices, enabling self-operation

of the device along with an assisted operation thereof.

The processing arrangement is configured to receive the information
relating to the environment from the sensor arrangement. Furthermore,
the processing arrangement is configured to receive a current position
and a current orientation of the device from the tracking means. Notably,
the processing arrangement is communicably coupled to the sensor
arrangement and the tracking means. It will be appreciated that the
sensor arrangement and the tracking means are configured to
continuously provide information relating to the environment and the
position and orientation of the device respectively, in real-time or near
real-time. Such continuous and updated details relating to the device
enables the processing arrangement to control and monitor operation of
the device in real time and ensure that the device is providing accurate
navigational commands to the user. Furthermore, in an event if the user
does not adhere to the navigational commands provided, the real time
information relating to the operation of the device and the environment
around it allows the processing arrangement to course correct, update
the sequence of navigational commands, and provide the updated

navigational commands via the force feedback means.

The processing arrangement is configured to determine an optimal route
for reaching the destination starting from the current position of the
device. Specifically, such optimal route is determined based on the
current position of the device. Hereinafter, the current position of the

device starting from which the optimal route to the destination is
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determined is referred as "origin”. Herein, the term "optimal route” refers
to a route between the origin and the destination having at least one of
the properties: shortest distance, least number of turns, least number of
obstacles, lowest foot and/or vehicular traffic, high density of sidewalks
or pedestrian pathways, based on a preference of the user. In an
instance, when the device is employed for mobility assistance of the
visually impaired, the optimal route may be highly accessible for the
disabled such as a route having a high number of tactile paved sidewalks,
auditory traffic signals and so forth. Notably, the processing arrangement
may identify multiple routes between the origin and the destination using
conventional techniques of route mapping. Consequently, the processing
arrangement may assign a weightage to each of the properties and
assess each of the plurality of routes available to assign a weighted score
to each of the routes based on their properties and determine the optimal

route between the origin and the destination.

The processing arrangement is configured to compute a sequence of
navigational commands for the optimal route. Notably, the navigational
commands relate to directional commands (namely, instructions) that are
to be provided to the user to assist the user in traversing a given route.
For example, the navigational commands may include instructions
relating to walking speed, directional information (such as relating to
turning along a route, stopping at a road crossing), incoming obstacles
(such as other pedestrians, traffic signals, intersections, crosswalks,
automobiles), changing terrain (such as elevation, speed bumps, uphill
or downhill terrain, stairs) and so forth. It will be appreciated that the
processing arrangement takes into consideration a plurality of elements
that are to be considered while walking along a given route and computes

navigational commands relating to each of those elements.

It will be appreciated that the sequence of navigational commands for the

optimal route are determined as a combination of directional commands
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relating to the optimal route and commands specific to a current
environment of the user. Specifically, the directional commands include
general instructions for travelling the optimal route such as instructions
relating to paths, turns, crosswalks, changing terrains and the like. The
directional commands relate to providing instructions for navigating
stationary things that do not change over short periods of time. Notably,
the directional commands are determined using conventional satellite
navigation systems. The commands specific to the current environment
of the user relate to instruction for navigating dynamic objects such as
moving obstacles (such as pedestrians, automobiles, changing traffic
signals and the like). The commands specific to the current environment
further cater to providing instructions relating to obstacles that are not
accounted for by the satellite navigation systems such as roadblocks,
barricades, trees, and the like. It is to be understood that since such
commands are based on the current environment of the user, they have
to be computed in real-time or near real-time and provided to the user.
As mentioned previously, the sensor arrangement provides information
relating to the environment continuously and in real time. Therefore,
based on the current environment of the user, the processing
arrangement computes navigational commands relating to the current
environment of the user in real-time or near real-time and communicates

to the user, via the force feedback means.

Optionally, the processing arrangement is configured to compute a three-
dimensional model of the environment based on information relating to
the environment from the sensor arrangement. Notably, the processing
arrangement employs information relating to the environment received
from the sensor arrangement to construct the three-dimensional model
of the environment. The processing arrangement analyses data from at
least one of the: RGB camera, time-of-flight camera, infrared sensor,
ultrasonic sensor to identify various attributes of the environment in

which the device is being used. For example, the processing arrangement
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may employ computer vision to perform edge detection on the images
obtained from the RGB camera to identify one or more obstacles in a
predicted path of the user. Consequently, a distance of each of the
obstacles from the device may be determined using depth sensing from
the time-of-flight camera. Additionally, using the computer vision, any
changes in the ground level may be identified. Upon computing the three-
dimensional model of the environment, the processing arrangement may
compute one or more navigational commands to notify the user of any

incoming obstacle or change in topography.

Optionally, the processing arrangement employs machine learning
algorithms. In an instance, the processing arrangement employs machine
learning algorithms, or specifically artificial intelligence and neural
networks to determine the optimal route to the destination. Additionally,
the processing arrangement employs machine learning algorithms to
compute the sequence of navigational commands. The machine learning
algorithms enables the processing arrangement to become more accurate
in predicting outcomes and/or performing tasks, without being explicitly
programmed. Specifically, the machine learning algorithms are employed
to artificially train the processing arrangement so as to enable them to
automatically learn and improving performance from experience, without
being explicitly programmed. Optionally, the processing arrangement
may prompt the user to provide a feedback relating to the navigational
commands provided via one or more actions of the force feedback means

and may improve based on the feedback received from the user.

Optionally, the processing arrangement, employing the machine learning
algorithms, is trained using a training dataset. Typically, examples of the
different types of machine learning algorithms, depending upon the
training dataset employed for training the software application comprise,
but are not limited to: supervised machine learning algorithms,

unsupervised machine learning algorithms, semi-supervised learning
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algorithms, and reinforcement machine learning algorithms.
Furthermore, the processing arrangement is trained by interpreting
patterns in the training dataset and adjusting the machine learning
algorithms accordingly to get a desired output. Examples of machine
learning algorithms employed by the processing arrangement may
include, but are not limited to: k-means clustering, k-NN, Dimensionality
Reduction, Singular Value Decomposition, Distribution models,
Hierarchical clustering, Mixture models, Principal Component Analysis,

and autoencoders.

The mobility assistance device comprises the force feedback means
configured to execute one or more actions to communicate the
navigational commands to the user, wherein the one or more actions
assist the user in traversing the optimal route. Herein, the term “force
feedback means” refers to an arrangement of one or more mechanical
actuation elements and sound-producing devices (such as, a speaker)
that enable generation of a feedback in the mobility assistance device.
Furthermore, the force feedback means manipulates orientation of the
device to execute at least one of the one or more actions. Notably, the
feedback generated by the force feedback means is a force feedback that
applies a guiding force on user's hand to provide navigational assistance
to the user. Such force feedback further provides navigation assistance
to the user by simulating an experience of touch and motion, analogous
to an experience when using a guide dog for navigation. Optionally, in
addition to the force feedback, the force feedback means generates a
haptic feedback. It will be appreciated that each of the one or more
actions executed by the force feedback means is associated with a
specific navigational command. Specifically, when the force feedback
means executes a given action, the user interprets and recognises the
navigational command associated with that given action. Furthermore,
the one or more actions are associated with the navigational commands

in a manner that the user may intuitively recognise the navigational
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command when the action associated with it is executed by the force
feedback means. Alternatively, a tutorial may be provided to the user
prior to use of the device, wherein the tutorial enables the user to learn
the navigational commands that are associated with each of the one or

more actions.

In an embodiment, the one or more actions include at least one of: a
directional force, an audio signal, a haptic vibration. Herein, the
directional force is provided as one of the one or more actions by the
force feedback means to communicate walking manoeuvres to the user
by manipulating the movement of a user’s hand, and/or inducing force
onto it in specific ways. The directional force may be provided along one
or more axes of the mobility assistance device. As mentioned previously,
a directional force provided along the yaw axis and the roll axis may
indicate a navigational command relating to a directional movement to
the user whereas a directional force along the pitch axis may indicate a
navigational command relating to a walking pace of the user.
Furthermore, the haptic vibration may be provided as one of the one or
more actions to communicate various navigational commands such as
'start walking', 'stop walking' and so forth. Additionally, haptic vibration
may be used in combination with the directional force to provide
navigational commands. Moreover, the nature of the haptic vibration,
such as length of the vibration, pulsed vibration and the like, may be
altered to communicate different navigational commands. In an instance,
when complicated navigational commands are to be communicated to the
user, the force feedback means may provide a speech output as an audio
signal. Additionally, the audio signal may be a specific sound that could
be associated with a navigational command. Complicated walking
manoeuvres, such as ducking or going sideways, backwards or turning
around, can be communicated to the user via a three-dimensional force
feedback directed in any direction within a 360-degree sphere of

movement. Notably, the audio signal may be provided using a speaker
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provided in the device, or via earphones communicably coupled to the
device. In an example, the earphones may be bone-conducting

earphones.

It will be appreciated that the device is adaptable to diverse situations
that may arise in an environment and may enter different modes of
functionality based on complexity and risk factor of an environment. For
example, the processing arrangement may identify a busy environment,
such a crossroad, a traffic intersection, a traffic signal, and may enter a
mode of reduced level of functionality. In such mode of reduced level of
functionality, the device may be analogous to a walking cane and may
not force the user to follow walking decisions determined thereby and
instead may just prompt the user relating to incoming obstacles and
assist them in understanding the environment. In another example, the
processing arrangement may identify an approaching stairway and may
induce a force onto the user's hand to indicate them to stop and
subsequently may guide the user's hand towards a handrail of the
stairway. In another example, the processing arrangement may identify
that the user may need to use a button array (for example, button array
of an elevator) and subsequently, may guide the user's hand towards a
correct area on the button array. Similarly, the processing arrangement

may guide the user's hand towards door handles.

In an embodiment, the force feedback means comprises a gyroscopic
assembly configured to generate an angular momentum to induce a
directional force in the device. Herein, the gyroscopic assembly is
implemented in effect as an inertia wheel assembly. Such assembly
consists of three circular rotors, such as wheels or disks, placed
orthogonally in the x, y and z planes, which when spinning generate a
torque individual to each axis. Consequently, a net rotational inertia of
the assembly is controlled by control of individual spinning rotors of the

assembly to provide the directional force. Notably, the three circular
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rotors substantially share a common centre of gravity. The three circular
rotors function in effect like torque motors that are designed to produce
same amount of angular momentum and kinetic energy when spinning at
the same angular velocity. Such coordination between the three circular
rotors is achieved by a careful selection of materials based on their
densities. Notably, the directional movement of the device provided by
the gyroscopic assembly is regulated by controlling an angular
momentum generated by acceleration or deceleration of the individual
circular rotors, and/or by rotating the circular rotors in clockwise or
counter-clockwise directions. Therefore, by manipulating levels of
angular momentum along the three axes, the navigational commands
relating to direction and walking pace can be communicated to the user.
Notably, the gyroscopic assembly is housed within a frontal portion of the
housing and is supported by ribs and bosses with the housing
manufactured using injection moulding. It will be appreciated that the
rotation of the circular rotors is achieved using a brushless electric motor

design, such as a BLDC inrunner motor.

It will be appreciated that despite accurate manufacturing tolerances as
required for fast spinning circular rotors, unwanted vibrations may occur.
Therefore, to prevent the vibrations, dampening springs may hold the
gyroscopic assembly within the housing. Beneficially, the gyroscopic
assembly provides a significant advantage in that less mechanisms are
required to change the direction of the angular momentum produced by
the spinning mass and can provide torque in any possible direction. With
respect to the gyroscopic assembly employed in the device of the present
disclosure, each of the rotors employs an electromagnetic braking system
to maximize the moment of inertia exhibited by the circular rotors.
Notably, braking each of the three individual rotors allows a rapid
exchange of angular momentum. Such change in angular momentum
generates a significant amount of force in a relatively small space.

Notably, the electromagnetic braking system may be employed to jerk
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user's hand into a correct position when needed, for example when an
obstacle is presented very quickly in front of the user. The three circular
rotors can be braked either in quick succession or simultaneously, to
move the user's hand in the correct direction with respect to x, y and z-

axis.

Optionally, the gyroscopic assembly comprises circular rail enclosures
enclosing each of the three circular rotors. Notably, each of the three
circular rotors employ multiple high-speed bearings that move within the
circular rail enclosures that are made of a lightweight material, such as
Polytetrafluoroethylene (PTFE) or polyether ether ketone (PEEK), that has
a low coefficient of friction and a high melting point, thereby allowing
operation of the circular rotors at high temperatures. Furthermore, the
gyroscopic assembly further comprises four electromagnets or drive coils
secured onto each of the circular rail enclosures, that drive the rotors
around the inside of the circular rail enclosures, allowing them to spin at
very high angular velocities. The circular rail enclosures are used to
contain and control mechanical spin of the circular rotors and are also the
housing for the electromagnets or drive coils for the brushless electric
motor design. Notably, each of the three circular rotors comprises
multiple magnets (such as, six magnets) embedded in the circumference
thereof, wherein the magnets are manufactured using neodymium.
Herein, the circular rail enclosures comprise drive coils or electromagnets
that are charged and used to rotate the three circular rotors using the
magnets embedded in the rotors. Preferably, each of the circular rail
enclosures has four electromagnets or drive coils that are spaced 90°
apart, wherein the drive coils or electromagnets cooperate with rotor
magnets to provide the propulsion for the circular rotors within the
circular rail enclosures in a manner consistent with typical operation of a
brushless electric motor design. Furthermore, a control circuit is
employed to switch polarity of the drive coils or the electromagnets to

attract or repel the magnets embedded in the circular rotors, thereby
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controlling speed and direction of spin of individual rotors. It will be
appreciated that the housing comprises braille embossed buttons that
can be used to remove the gyroscopic assembly from the housing.
Subsequently, the circular rail enclosures containing the rotors can be
disassembled by unbolting a series of nuts and bolts. Furthermore,
copper drive coils wound around the circular rail enclosures are

alternatively employed to drive the rotors.

Optionally, the sensor arrangement is further configured to measure an
angular velocity of one or more rotors in the gyroscopic assembly. As
mentioned previously, the sensor arrangement comprises hall sensors
therein. Therefore, the hall sensors are used to measure the angular
velocity of the three circular rotors in the gyroscopic assembly. As
mentioned herein above, the drive coils or electromagnets are energized
to attract or repel the magnets embedded in the rotors. Notably, the hall
sensors are used to determine the position of the rotor and based on the
determined position, an electronic controller energizing the drive coils or
electromagnets is capable of determining which drive coil or
electromagnet is to be energized. It will be appreciated that the
processing arrangement is configured to provide instructions to the force
feedback means and control operation thereof. Specifically, the
processing arrangement controls the angular momentum provided by the
gyroscopic assembly to control the directional force provided by the
device. Therefore, to control the angular momentum, the angular velocity
of each of the rotors is to be known. Notably, hall sensors are used to
measure a magnitude of magnetic field and can detect any change
therein. The hall sensors in the sensor arrangement measure the angular
velocity of the rotors and communicate it to the processing arrangement.
Beneficially, the sensor arrangement allows the processing arrangement
to ensure that the device is in proper operating condition and is providing

navigational commands accurately.
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Optionally, the mobility assistance device uses an electrical battery for
powering the processing arrangement, force feedback means and other
components thereof. Notably, the electrical battery may be rechargeable.
The housing may comprise a mechanical button thereon to remove the

battery from the device.

Optionally, the mobility assistance device further comprises a signaling
means configured to indicate a direction of movement of the user. Herein,
the signaling means indicates a direction of movement of the user to
incoming pedestrians or automobiles. The signhaling means may
comprises one or more LEDs (Light emitting diodes) installed at the
frontal portion of the housing, wherein the LEDs may be illuminated based
on a projected trajectory of the user to notify the incoming pedestrians.
In an instance, the signaling means may comprise an array of LEDs
implemented as a display board that may display arrows or signals

indicating the direction of movement of the user.

Optionally, the mobility assistance device is integrated within a wearable
device, such as gloves, smartwatch, and the like. Notably, such
integration enhances ease of use of the device and eliminates a need of
carrying an additional tool for navigation. Optionally, the device is

modular, wherein the device can be attached to the wearable device.

The present disclosure also relates to the method as described above.
Various embodiments and variants disclosed above apply mutatis

mutandis to the method.

In another aspect, an embodiment of the present disclosure provides a

mobility assistance device comprising

- a housing;
- a sensor arrangement for acquiring information relating to an

environment in which the device is being used;
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- a tracking means for tracking a position and an orientation of the
device;
- a processing arrangement configured to
- receive an input relating to a targeted position of the device,
- receive the information relating to the environment from the
sensor arrangement,
- receive a current position and a current orientation of the device
from the tracking means,
- compute a sequence of navigational commands to situate the
device in the targeted position; and
- a force feedback means configured to execute one or more actions to

situate the device in the targeted position.
DETAILED DESCRIPTION OF THE DRAWINGS

Referring to FIG. 1, illustrated is a block diagram of a mobility assistance
device 100, in accordance with an embodiment of the present disclosure.
The device 100 comprises a housing 102, a sensor arrangement 104, a
tracking means 106, a processing arrangement 108 and a force feedback
means 110. The sensor arrangement 104 acquires information relating
to an environment in which the device 100 is being used. The tracking
means 106 for tracking a position and an orientation of the device 100.
The processing arrangement 108 is configured to receive an input
relating to a destination of a user of the device 100, receive the
information relating to the environment from the sensor arrangement
104, receive a current position and a current orientation of the device
100 from the tracking means 106, determine an optimal route for
reaching the destination starting from the current position of the device
100, and compute a sequence of navigational commands for the optimal
route. The force feedback means 110 configured to execute one or more
actions to communicate the navigational commands to the user, wherein

the one or more actions assist the user in traversing the optimal route.
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Referring to FIG. 2, illustrated is a perspective view of a mobility
assistance device 200, in accordance with an embodiment of the present
disclosure. The device 200 comprises a housing 202. Notably, a frontal
portion 204 of the housing 202 substantially encases the components
(namely, the sensor arrangement, the tracking means, the processing
arrangement, the force feedback means) of the mobility assistance
device 200. Furthermore, the housing 202 has a gripping portion 206

for allowing a user of the device 200 to hold the device 200 in his hand.

Referring to FIG. 3, illustrated is cross-sectional side view of the mobility
assistance device 200, in accordance with an embodiment of the present
disclosure. As shown, the device 200 comprises the housing 202 for
encasing the components of the device 202. The device 200 comprises
a sensor arrangement 302 arranged in a frontal portion of the housing
202 and a tracking means (not shown). The device 200 further
comprises a processing arrangement 304. Furthermore, the device 200
comprises a force feedback means comprising a gyroscopic assembly 306
configured to generate an angular momentum to induce a directional
force in the device 200. The gyroscopic assembly 306 is explained in
detail in FIG. 4. Moreover, the mobility assistance device 200 uses an
electrical battery, insertable in battery compartment 308, for powering
the processing arrangement 304, force feedback means and other
components (such as the sensor arrangement 302 and the tracking

means) thereof.

Referring to FIG. 4, illustrated is an exploded view of the gyroscopic
assembly 306, in accordance with an embodiment of the present
disclosure. As shown, the gyroscopic assembly 306 is implemented in
effect as an inertia wheel assembly. The assembly 306 consists of three
circular rotors, such as the rotors 402, 404 and 406, placed orthogonally
in the x, y and z planes, which when spinning generate a torque individual
to each axis. Notably, the three circular rotors 402, 404, 406

substantially share a common centre of gravity. The gyroscopic assembly
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306 comprises circular rail enclosures, such as the enclosures 408, 410,
412, enclosing each of the three circular rotors 402, 404, 406. The
mobility assistance device employs a brushless electric motor design to
spin a magnetically patterned ring embedded within each of the three
circular rotors 402, 404, 406. The magnetically patterned ring comprises
multiple magnets embedded in the circumference of the rotors, such as

the magnet 414 embedded in the circumference of the rotor 406.

Referring to FIG. 5, illustrated is a flow chart 500 depicting steps of a
method of providing mobility assistance to a user, in accordance with an
embodiment of the present disclosure. At step 502, an input relating to
a destination of the user is received. At step 504, information relating to
an environment in which the device is being used is received. At step
506, a current position and a current orientation of the device (such as
the device 100 of FIG. 1) is received. At step 508, an optimal route for
reaching the destination starting from the current position of the device
is determined. At step 510, a sequence of navigational commands for the
optimal route is computed. At step 512, one or more actions are executed
via the device to communicate the navigational commands to the user,
wherein the one or more actions assist the user in traversing the optimal

route.

Modifications to embodiments of the present disclosure described in the
foregoing are possible without departing from the scope of the present
disclosure as defined by the accompanying claims. Expressions such as

I{4 w I{4 A\

“including”, “comprising”,

I{4 w

incorporating”, “have”, “is” used to describe
and claim the present disclosure are intended to be construed in a non-
exclusive manner, namely allowing for items, components or elements
not explicitly described also to be present. Reference to the singular is

also to be construed to relate to the plural.
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) CLAIM SET

1. A mobility assistance device (100) comprising
- a housing (102);
- a sensor arrangement (104);

- a tracking means (106) for tracking a position and an orientation of the device;

a processing arrangement (108) configured to
- receive an input relating to a destination of a user of the device (100),

receive the information relating to the environment from the sensor arrangement
(104),
- compute a three-dimensional model of the environment based on information
relating to the environment from the sensor arrangement (104),
- receive a current position and a current orientation of the device (100) from the
tracking means (106),
- determine an optimal route for reaching the destination starting from the current
position of the device (100), and

- compute a sequence of navigational commands for the optimal route;
- a force feedback (110) means configured to execute one or more actions to
communicate the navigational commands to the user, wherein the one or more actions
assist the user in traversing the optimal route, and wherein the force feedback means
(110) comprises a gyroscopic assembly (306) configured to generate an angular
momentum to induce a directional force in the device (100),
- wherein the optimal route is determined by a sequence of navigational commands,
wherein the navigational command is determined as a combination of directional
commands relating to the optimal route, and commands specific to a current
environment of the device (100), and wherein the directional commands are determined
using a conventional satellite navigation system,
- wherein the sensor arrangement is further configured to measure an angular velocity
of one or more rotors (402) in the gyroscopic assembly (306), and
- wherein the mobility assistance device (100) is a handheld device.

2. A device (100) according to claim 1, wherein the sensor arrangement (104)

comprises at least one of: a time-of-flight camera, an RGB camera, an ultrasonic sensor.
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3. A device (100) according to claim 1 or 2, wherein the tracking means (106)
comprises at least one of: a satellite navigation device, an inertial measurement unit, a

dead reckoning unit.

4, A device (100) according to any one of the preceding claims, wherein the one or
more actions include at least one of: a directional force, an audio signal, a haptic

vibration.

5. A device (100) according to any one of the preceding claims, further comprising
a signalling means configured to indicate a direction of movement of the user to incoming

pedestrians or automobiles.

6. A device according to any one of the preceding claims, wherein the processing

arrangement employs machine learning algorithms.

7. A device (100) according to claim 1 or 2, wherein three-dimensional model of the
environment is computed by analysing data from the sensor arrangement (104) to
identify various attributes of the environment in which the device (100) is being used,
wherein the processing arrangement (108) is further configured to perform edge
detection on the images obtained from the RGB camera for obstacle identification and
depth sensing on the images obtained from the time-of-flight camera for measuring the
distance of the obstacle from the device (100).

8. A method of providing mobility assistance to a user using the device (100) of any
of the preceding claims, the method comprising

- receiving an input relating to a destination of the user;

- receiving information relating to an environment in which the device is being used;

- computing a three-dimensional model of the environment based on information
relating to the environment;

- receiving a current position and a current orientation of the device (100);

- determining an optimal route for reaching the destination starting from the current
position of the device (100);

- computing a sequence of navigational commands for the optimal route; and
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- executing one or more actions, via the device (100), to communicate the navigational
commands to the user, wherein the one or more actions assist the user in traversing the
optimal route, and

- wherein the optimal route is determined by a sequence of navigational commands,
wherein the navigational command is determined as a combination of directional
commands relating to the optimal route, and commands specific to a current
environment of the device (100), and wherein the directional commands are determined

using a conventional satellite navigation system.
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