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Figure 2

and/or mobility. The system comprises an outer frame and wheels. A pelvis
support can be used for distributing weight of the user to the frame. A lower
body attachment is movably attached to the outer frame. At least one mo-
torized unit may also be provided, which comprises at least one actuator
to assist movement of the user's hip and/or leg through the lower body at-
tachment. A local and/or cloud-based artificial intelligence system can be
used for controlling the function of the mobile system.
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MOBILE WEIGHT-BEARING POWERED ORTHOSIS DEVICE
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority to U.S. Provisional Patent Application No.
62/384,871 filed September 8, 2016, entitled MOBILE WEIGHT-BEARING POWERED
ORTHOSIS DEVICE, the contents of which are incorporated by reference herein.

FIELD

[0002] Example embodiments relate to the field of robotic rehabilitation and/or mobility, in
particular robotic gait training, mobility, control systems for real time control and artificial

intelligence systems for long term planning.

BACKGROUND

[0003] Cerebral palsy is a neurological disability caused by an injury to the brain, usually as a
stroke, before, during, or shortly after birth. In many cases it can affect a child’s ability to walk.
It is the most common physical disability among children, with over 500,000 children suffering

from cerebral palsy in North America, and 10,000 babies born each year with cerebral palsy.

[0004] Physiotherapy is a commonly used method to help the affected children to regain at least
some ability to walk. It is also commonly used to help users who lost some or all ability to walk

for other reasons, for example, injury.

[0005] Currently, physiotherapy is an expensive and difficult process. It requires a lot of eftort
on the part of the physiotherapist, as it involves physically helping a user move his or her legs in

a particular manner. Moreover, regular physiotherapy can be expensive.
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[0006] Robotic gait training is a field that has shown a lot of promise towards helping improve a
user’s balance, posture and overall gait. The current solutions are some versions of the
Lokomat™, ReoAmbulator™, and Bama Teknoloji devices, shown in Figures 1A and 1B. These
systems are bulky, treadmill-style machines with a high cost of production. In addition, these
systems are stationary, meaning that the user can only be treated in the facilities where the

systems are installed.

[0007] Additional difficulties with existing systems may be appreciated in view of the Detailed

Description of Example Embodiments, herein below.

SUMMARY

[0008] According to one aspect, a mobile system with a software system for control is disclosed

for providing physiotherapy and mobility to users to improve their ability to walk.

[0009] An example embodiment includes a system for rehabilitation and/or mobility of a user,
comprising: a frame; wheels for enabling rolling movement of the frame; a pelvis support for
distributing weight of the user to the frame; and a motorized unit operably attached to the frame
and for assisting movement of the user; wherein the motorized unit comprises an attachment for

attaching to a part of a lower body of the user.

[0010] In some embodiments, the mobile system comprises a main frame, a frame for attaching
harness and a harness that may fully or partially suspend the user. The user may choose not to be
suspended at all. In some embodiments, multiple attachment points may be provided for
attachment of a harness or pelvis support, which bears the full or partial weight of the user.

Various weight supporting mechanisms may be provided.

[0011] In some embodiments, wheels are provided for free or restricted motion of the system,

allowing the system to be used virtually anywhere.

[0012] In some embodiments, mechanisms may also be included to provide mechanical force to

help the movement of users. These mechanisms may include attachment means to attach to the
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user’s body and motorized units to provide the mechanical force. In some examples, motorized

leg attachments may be provided to assist the natural walking gait of a user.

[0013] In some embodiments, the system may be modular, allowing various components to be
removed and replaced with components with different sizes and specifications, depending on the

needs of the users.

[0014] In some embodiments, the system may be adjustable. The system may be adjusted to fit
users of different sizes. The force provided by the motorized units may be adjusted. The portion

of the user’s weight borne by the system may also be adjusted.

[0015] In some embodiments, a real-time control system is used to control the movement of

varying number of motorized units and to provide adjustment of the mechanical force.

[0016] In some embodiments, a real-time control system is used with a long term artificial
intelligence system to provide better and more optimal control of the device through suggestions
to the end user, direct application of control parameters, visualisation of long term metrics, or

any combination of these.

[0017] In some embodiments, an artificial intelligence based long-term learning system which
combines different mobile systems sequence learning models to create a deep neural network for

gait actions across different disabilities and users is provided.

[0018] In some embodiments, an artificial intelligence based settings recommender engine
which uses reinforcement learning to improve recommendations for gait settings on the user
interface based on a score assigned by the end user on their applicability over time and across

different mobile systems is provided.

[0019] In some embodiments, an artificial intelligence based control engine which maps each
motorized units joint data corresponding to position, velocity and torque and user profile data to
a gait action such as turning through a sequence learning model such as a recurrent neural
network model including a hidden layer which converts all motorized units joint data into

different gait phases is provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Reference will now be made, by way of example, to the accompanying drawings which

show example embodiments of the present application, and in which:
[0021] Figure 1A shows a rehabilitation system by Lokomat™ in operation.

[0022] Figure 1B shows rehabilitation systems from Lokomat™, ReoAmbulator™, and Bama

Teknoloji, from left to right, respectively.

[0023] Figure 2 shows a perspective view of one example embodiment of the device.
[0024] Figure 3 shows the top view, front view and side views of the example embodiment.
[0025] Figure 4 shows an exploded view of an example embodiment of the device.

[0026] Figure 5 shows some examples of harnesses for the device.

[0027] Figure 6 shows some examples of pelvis supporting attachment for the device.

[0028] Figure 7 shows an exploded view of an example embodiment of the leg attachment for

the device.
[0029] Figure 8 shows an exploded view of one example embodiment of a hip joint.
[0030] Figure 9 shows an exploded view of one example embodiment of a knee joint.

[0031] Figure 10 shows a block diagram of the interaction between the various organised
software units, software modules, engines and interfaces for the control, data logging and

artificial intelligence of the mobile system of the embodiment.

[0032] Similar reference numerals may have been used in different figures to denote similar

components.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0033] In various example embodiments, there is provided a mobile system for physiotherapy

and mobility, suitable for improving users’ ability to walk. The system may be sized differently,
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and the components may be adapted to best fit the characteristics of the users, for example, the

weight, height, level of ability to walk, varying symmetry of limbs of the users.
[0034] Figures 2-9 illustrate example embodiments of the device.

[0035] Figure 2 is a perspective view of an assembled mobile system of the embodiment. The
mobile system comprises an outer frame 1, a harness attachment frame 2, wheels 203, a platform
206, a power supply unit 3, a motor control unit MCU 4, a human machine interface 6,
adjustable leg attachment braces 7 and leg attachments 8. The power supply unit 3, MCU 4 and
human machine interface 6 are disposed on platform 206. In some example embodiments, the
human machine interface 6 is raised from the platform 206 so that operators can easily use the

human machine interface while standing or sitting.

[0036] 1t is understood that there may only be one adjustable leg attachment brace 7 and one leg

attachment 8 if the other leg of the user does not need support.

[0037] In some embodiments, an acquisition unit AU not shown is configured in the mobile
system. The acquisition unit may be used to gather all sensory data from the device on a regular

basis.

[0038] Figure 3 shows the top view, front view and side views of the mobile system of the

embodiment.
[0039] Figure 4 shows an exploded view of the embodiment.

[0040] In this embodiment, the system comprises an outer frame 1. The outer frame 1 may be a
rigid body that provides support to all other components of the system. The outer frame 1 may
comprise a lower body 402 and an upper body 401. The lower body 402 and the upper body 401
may each be partially closed to allow a user to enter into the outer frame 1. In some
embodiments, the lower body 402 may be rectangularly shaped with an opening on one side. In
some embodiments, the lower body 402 may be circle-shaped or ellipse-shaped with an opening.
In some embodiments, the upper body 401 may be rectangularly shaped with an opening on one
side. In some embodiments, the lower body 402 may be circle- or ellipse-shaped with an

opening. In some example embodiments, the opening in the upper body 401 aligns with the
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opening in the lower body 402. The lower body 402 and the upper body 401 are connected by
any suitable means known in the field. In some examples, as shown in Figure 4, the lower body
402 and the upper body 401 are connected by rods 404. It is understood that the shapes and
length of the rods may be changed to suit the characteristics of different users. In some example
embodiments, the lower body 402 and the upper are concentric. In some example embodiment,
the lower body 402 encloses a bigger area than the upper body 401, making it less likely for the
outer frame 1 to tip over. It is understood that the outer frame 1 may be configured in any

suitable way known in the field to provide stability, to prevent tip over and to provide support.

[0041] In some embodiments, the outer frame 1 is configured with wheels 403 to facilitate
movement of the system. In some example embodiments, four wheels 403 are configured on the
bottom of the outer frame 1. The wheels 403 are, for example, attached to the lower body 402 of
the outer frame 1. The wheels 403 may be attached to the lower body 402 by any suitable means
known in the field. In some embodiments, the wheels 403 may be configured to allow
constrained motion, for example, in a particular axis. In some embodiments, the wheels 403 may
be configured to allow rotation. Brakes may be provided on the wheels 403 to keep the system

stationary.

[0042] In some examples, the upper body 401 is configured at a height suitable for a user to rest
her hands on to support her upper body 401. In some examples, the upper body 401 may be
configured at a height suitable for a user to lean on. In some embodiments, the height of the

upper body 401 may be adjustable.

[0043] In some embodiments, the upper body 401 is configured with receptacles 405 to receive
the bottom of harness attachment frame 2 so that harness attachment frame 2 can be attached to
the outer frame 1. The receptacles 405 may be attached to the upper body 401 by any suitable
means known in the field. For example, a receptacle 405 may be configured with a clamping
mechanism to clamp onto the upper body 401. In some embodiments, harness attachment frame
2 may comprises several substantially vertical rods 406 that are connected to each other in the
top portion of harness attachment frame 2. The receptacles 405 may be configured with a

recessed opening to receive a part of the bottom portion of the rods 406. It is understood that the
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cross section of a rod 406 may be rectangular, circular, elliptical or any other suitable shape. In
some embodiments, the top of harness attachment frame 2 may be higher than the user’s head or
shoulder. The top of the harness attachment frame 2 can include at least one horizontal cross-
frame member which can be used to provide maximum, e.g., vertical load support of the harness
straps. In some embodiments, the top of harness attachment frame 2 may be level with or lower
than the armpit of the user. In example embodiments, the harness attachment frame 2 may be

adjustable in height.

[0044] In some embodiments, attachment points are provided on harness attachment frame 2 for
attaching harness onto. Some examples of harnesses are shown in Figure 5. It is understood
configurations of harnesses other than those shown in Figure 5 may also be used where suitable.
In some example embodiments, the harnesses are torso supporting harnesses. Such a harness can
be strapped from below the pelvis and can provide support to the full upper body. The
attachment points may be adjustable to best suit a user’s need. The harness may be configured to
support full or partial weight of the user as desired, while transferring the weight to harness
attachment frame 2. In some embodiments, the amount of support may be adjusted by changing
the height of the harness attachment frame 2. The harness may also be configured to lift the user
partially off the ground to allow movement of the system. It is understood that the attachment

points may be moved as desired by the user or a caregiver.

[0045] In some embodiments, a pelvis supporting attachment may be attached to outer frame 1.
This attachment can be used to lift the user from below the pelvis area. Some examples of the
pelvis supporting attachments are shown in Figure 6. In some example embodiments, the pelvis
support may be a saddle, as can be seen in Figure 6. Since the saddle only supports the lower
torso, note that when support of the upper torso is required, the harness can alternatively be used.
It is understood that configurations of pelvis supporting attachment other than those shown in

Figure 6 may also be used where suitable.

[0046] In some embodiments, the harness and/or the pelvis supporting attachment comprise
elastic components to allow variable level of weight bearing capabilities depending on the needs

of the user. In some examples, the elastic components may be springs. In some examples, the
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elastic components may be elastic bands. In some examples, the elasticity of the elastic

components may be changed to change the level of support provided to the user.

[0047] In some example embodiments, various other attachments may be used alone or in
conjunction with the harness and/or the pelvis supporting attachment to further support the rest
of the body. In some examples, a chest attachment may be used to keep the upper body from
swaying during walking. In some embodiments, arm attachments may be used to allow the user

to hold onto the outer frame during use.

[0048] It is understood that the height, size, construction and material of the harness, the pelvis
supporting attachment and the other attachments may be adjusted to provide varied level of
support as desired. Adjustment mechanisms may be provided on the harness, the pelvis

supporting attachment and the other attachments to change the level of support as well.

[0049] In some embodiments, the mobile system may comprise an adjustable leg attachment
brace 7. In some embodiments, the adjustable leg attachment brace 7 is attached to the upper
body 401. Any suitable attachment means may be used for attaching the adjustable leg
attachment brace 7 to the upper body 401.

[0050] In example embodiments, the adjustable leg attachment brace 7 is removably attached to
the upper body 401 so that the attachment means may be loosened to allow the adjustable leg
attachment brace 7 to move along the upper body 401. In some examples, a clamping mechanism
is provided in the adjustable leg attachment brace 7 to clamp onto the upper body 401.
Mechanisms may also be provided so that the adjustable leg attachment brace 7 may move
upwardly or downwardly, and move toward or away from the centre of the upper body. In
example embodiments, the leg attachment brace may have three degrees of freedom, allowing
the leg attachment to move in the x, y and z direction, as shown by the arrows in Figure 4. It is
understood that the adjustable leg attachment brace 7 may be configured to move in other ways.
For example, the adjustable leg attachment brace 7 may be configured to move in five or more
axes as commonly known in the field of Computer Numeric Control. In some embodiments,

movements in one or more of the directions may be actuated.
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[0051] By movement of the adjustable leg attachment brace 7, the system may be fitted to users

with different waist and overall width.

[0052] In some embodiments, the mobile system may also comprise one or two leg attachment 8,

each leg attachment 8 attaching to one leg of the user. In example embodiments, each leg

attachment 8 is attached to an adjustable leg attachment brace 7, so that the leg attachment 8 may

be moved to a position that best fit the user’s leg.

[0053] In some embodiments, the leg attachment 8 is attached to a user’s leg. In some examples,
the user’s leg is strapped onto the leg attachment via multiple straps around the thigh and the

calf.

[0054] In some embodiments, sensory units may be attached onto the user’s leg to detect the
movement of the leg. The detection may be transmitted to the SBC 5 to predict the user’s

intended movement the movement of the leg attachment 8 may be adjusted accordingly.

[0055] In some embodiments, a power supply unit 3, a human machine interface 6, a MCU 4,

and a single board computer SBC 5 are also provided. An AU may also be provided.

[0056] The power supply unit 3 provides power to the human machine interface 6, the MCU4,
the SBC 5, and the leg attachment 8. A battery may be integrated in the power supply unit 3.
Alternatively or additionally, the power supply unit 3 may be plugged into the wall to convert
AC power to DC power to provide power and/or charge the battery.

[0057] The SBC 5 is the main control unit of the system. The SBC 5 may be used to ensure
communication between the MCU and the AU. It may also be configured to store and execute
main program loop and controlling all auxiliary systems. In some embodiments, the SBC 5 is

also used for communication with a server.

[0058] The human machine interface 6 is used for communicating with the user or the user’s
helper. The human machine interface 6 may comprise a display for showing information,
comprising a graphical user interface. The human machine interface 6 may also comprise an

input device for the user or the user’s helper to enter information. The input device may be
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buttons, a keyboard or a touchscreen. The information entered through the human machine

interface 6 may be transmitted to SBC 5.

[0059] In some embodiments, there is provided a platform 407, which may be disposed on the
lower body 402 of the outer frame 1. One embodiment is shown in Figure 4. In some
embodiments, the power supply unit 3, the human machine interface 6, the MCU 4, the AU, and
the SBC 5 are disposed on the platform 407. In example embodiments, the human machine

interface 6 is raised so that an operator can use it more conveniently.

[0060] Figure 7 shows an exploded view of one embodiment of the leg attachment 8. The leg
attachment 8 comprises an adjustable thigh 9, a hip joint 10 and a knee joint 11. In example
embodiments, the leg attachment 8 can be attached to a part of the lower body of the user, or a

for example at least at the waist or below.

[0061] The hip joint 10 is designed to assist moving the user’s hip joint. The upper end of the hip
joint 10 is attached to the adjustable leg attachment brace 7, while the lower end is attached to

the adjustable thigh 9.

[0062] The adjustable thigh 9 is designed to allow for a variable distance between the hip joint
10 and the knee joint 11. In some embodiments, this is implemented via a telescopic mechanism.
In some examples, a button and click mechanism is used. In some examples, a slide and clamp

mechanism is used.

[0063] The knee joint 11 is designed to assist moving the user’s knee joint. The upper end of the
knee joint 11 is attached to the adjustable thigh 9. The lower end of the knee joint is free, with

the option to attach onto the user’s leg via the calf or at a lower point near the ankle.

[0064] In operation, the position of the hip joint 10 may be changed by adjusting the adjustable
leg attachment brace 7 so that the hip joint 10 may best support and help move a user’s hip joint.
By adjusting the adjustable thigh 9, the position of the knee joint 11 may be changed relative to

the hip joint 10 to best support and help move to a user’s leg.

[0065] Figure 8 shows an exploded view of the hip joint 10, comprising a hip actuator 12, a
gearbox 13, a limit switch 14, and a thigh/hip attachment 15.

-10 -
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[0066] The hip actuator 12 may be a rotary actuator or a linear actuator. In some embodiments,
the hip actuator may comprise an encoder, a potentiometer or a similar feedback device to
receive rotational or positional feedback. The feedback signal may be fed back into the MCU 4,
the AU, or the SBC 5. The hip actuator 12 may be placed horizontally within a casing as shown
in Figure 8, or it may be placed vertically. The hip actuator 12 may be powered by the power

supply unit 3, which transmits electrical/hydraulic energy.

[0067] In some embodiments, the hip actuator 12 may be configured as a compliant actuator. A
compliant actuator allows some motion or deviation from its own equilibrium position. In some
embodiments, a compliant actuator may have an elastic component attached to the linear or

rotary actuator. In example embodiments, the elastic component is a spring-like structure.

[0068] In some embodiments, the hip actuator 12 may be configured to drive the hip joint 10 and

the knee joint 11 through a kinematic linkage.

[0069] In some embodiments, a single hip actuator 12 may be configured to drive the hip joint

10 on both legs.

[0070] The gearbox 13 is designed to convert the rotary or linear motion from the actuator into
precise rotational motion along the hip flexion extension axis 16. The gearbox may be of any
suitable gear ratio. The gear may be selected from mitre gears, worm gears, bevel gears, bevel

helical gears or specialized harmonic gears.

[0071] In some embodiments, the hip joint 10 may comprise a limit switch 14. The limit switch
14 may be used to calibrate the movement of the hip joint, and to notify the software that the
joint has reached the maximum point in its gait as limited mechanically. The signal from the

limit switch 14 may be sent to the MCU, AU and/or SBC.

[0072] In some embodiments, the hip joint 10 further comprises a thigh/hip attachment 15 to
connect the user’s leg to the mobile system. In some examples, the thigh/hip attachment 15 may

be attached to a user’s leg using a strap-like system.

[0073] In operation, the movement of the hip actuator 12 may be controlled by the MCU,

depending on parameters entered through the human machine interface 6. For example, the
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movement of the hip actuator 12 may be adjusted depending on the height and weight of the
user, taking into account the user’s own ability to walk. The movement of the hip actuator 12

may be adjusted based on the signal from the limit switch 14.

[0074] Figure 9 shows an exploded view of the knee joint 11, comprising knee actuator 17, thigh

attachment 18 and calf attachment 19.

[0075] The knee actuator 17 may be a rotary or linear actuator. In some examples, the gearbox
901 may convert the linear motion output of the linear actuator to a rotary motion. In some
examples, a lever arm mechanism may be provided to convert the linear motion output from a
linear actuator to a rotary motion. The rotary motion is around the knee flexion extension axis
20. The knee actuator 17 may be placed behind the user’s leg or on the side of the leg. In some
embodiments, the knee actuator 17 may comprise a compliant actuator. The knee actuator 17

may be powered by the power supply unit 3, which transmits electrical/hydraulic energy.

[0076] In some embodiments, the knee actuator 17 may be used to drive the knee joint 11 and

hip joint 10 through a kinematic linkage.

[0077] In some embodiments, a single knee actuator 17 may be configured to drive the knee

joint 11 on both legs.

[0078] The gearbox 901 is designed to convert the rotary or linear motion from the actuator into
precise rotational motion along the knee flexion extension axis 20. The gearbox may be of any
suitable gear ratio. The gear may be selected from mitre gears, bevel gears, worm gears, bevel

helical gears or specialized harmonic gears.

[0079] The thigh attachment 18 is used to provide a point of contact and union with the user’s
thigh. In some embodiments, a strap like mechanism is provided to attach the thigh attachment
18 to the user’s thigh. The upper end of the thigh attachment 18 is attached to the adjustable
thigh 9.

[0080] The calf attachment 19 is used to provide another point of contact and union with the

user’s leg. The calf attachment 19 may be attached to a user’s calf by any suitable means known

-12 -
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in the field. In some embodiments, a strap like mechanism may be used. The calf attachment

may be connected to the drive mechanism via an auxiliary attachment.

[0081] In operation, the movement of the knee actuator 17 may be controlled by the MCU or the
SBC, depending on parameters entered through the human machine interface 6. For example, the
movement of the knee actuator 17 may be adjusted depending on the length and girth of the

user’s thigh, taking into account the user’s own ability to walk.

[0082] In a similar fashion, an ankle joint may be configured using the similar drive mechanism

and implementation.

[0083] Figure 10 shows a block diagram of the interaction between the various software
modules, engines and interfaces for the control, data logging/interpretation and artificial
intelligence of the mobile system. This organization of organized software units such as 1022, or
software modules such as 1028, engines such as 1032 and interfaces between these allow for
implementing control of the device, learning of functions from the data with artificial
intelligence and a priori knowledge and passing data streams effectively within learning,
planning and interfacing organized unit 1022, direct control unit 1023, long term learning,
analytics and recommendation unit 1030; and the modules and engines within these organized
units. The artificial intelligence for controlling the function of the mobile system can be local
and/or cloud-based in example embodiments. The artificial intelligence comprises at least one
processor and memory. In an example embodiment, the artificial intelligence further comprises a
communication subsystem configured to provide communication functions, e.g. access the

Internet, server data, and/or cloud data.

[0084] The mobile system organized unit 1021 encompasses the online learning, planning and

interfacing organized unit 1022 and the direct control organized unit 1023.

[0085] The direct control organized unit 1023 encompasses multiple motor controllers 1024
which can be the same or different in terms of sensors, power drive systems, motor drive
systems, controller hardware and actuators. This unit handles the lowest level of control with
direct control of the actuator and real-time sensing through the interfaces provided by the motor
controllers 1024. The direct control unit 1023 has an interface to the online learning, planning

-13 -
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and interfacing unit 1022 abstracting away the lowest level of control. The interface also

provides real-time sensor data streams.

[0086] In certain embodiments, the direct control organized unit 1023 can be used with different
motor controllers 1024 which can control different types of actuators while still providing the
same interface to the learning, planning and interfacing unit 1022 thereby allowing flexibility in

controlling different types of mobile systems.

[0087] The learning, planning and interfacing organized unit 1022 encompasses the user
interface 1028, data condenser 1029, data aggregator 1027, multiplexer engine 1026, gait planner
and high-level controller 1025. This unit handles the higher-level planning, control, learning and

user interface resources.

[0088] The gait planner and high-level controller 1025 may comprise a system based on internal
capabilities to generate trajectories to apply to individual motor controllers 1024 through the

direct control unit 1023.

[0089] In certain embodiments, the gait planner and high-level controller 1025 may provide a
means to learn various functions of different gaits and controllers related to the rehabilitation and
mobility aspects of the system from the data streams of real-time sensing provided by the direct
control organized unit 1023 and user inputs from the user interface 1028. These functions, called
online learned functions, can be passed onto the data aggregator 1027 which in turn pass it to the
long-term learning, analytics and recommendation organized unit 1030 or the data condenser
1029 which can further pass it on to the user interface 1028 after carrying out certain types of
filtering. An example of a few learned functions can be user turning mobile system model,
controller for the user turning in the mobile system model, user walking up a ramp mobile

system model, controller for the user walking up a ramp in the mobile system model.

[0090] In certain embodiments, the learned functions may be directly used in generating
trajectories to apply to individual motor controllers 1024 through the direct control organized
unit 1023. An example would be to the use the user turning mobile system model and user
mobile system model controller functions to directly control the individual motor controllers
1024 to carry out the turning maneuver through the direct control organized unit 1023.
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[0091] In certain embodiments, the learned functions from one user and mobile system can be

used with another user and mobile system in some combination.

[0092] In certain embodiments, the gait planner and high-level controller 1025 may use
functions generated by the multiplexer engine 1026 to generate trajectories to apply to individual

motor controllers 1024 through the direct control organized unit 1023,

[0093] In certain embodiments, the gait planner and high-level controller 1025 may use any
combination of the multiplexer engine 1026, learned functions and internal capabilities to
generate trajectories to apply to individual motor controllers 1024 through the direct control

organized unit 1023.

[0094] The data aggregator 1027 may be used to accumulate data streams from the gait planner
and high-level controller 1025 and further pass this on to the artificial intelligence engine 1031

which resides in the long-term learning, analytics and recommendation organized unit 1030.

[0095] In some embodiments, the data aggregator 1027 may store the accumulated data for

different periods of times.

[0096] In some embodiments, the data aggregator 1027 may pass data to the multiplexer engine

1026.

[0097] In some embodiments, the data aggregator 1027 may operate in any combination of
transferring data to the artificial intelligence engine 1031, storing accumulated data, and passing

data onto the multiplexer engine 1026.

[0098] The data condenser 1029 may be used to filter, analyse and accumulate data received

from the data aggregator 1027 in any possible combination.

[0099] The user interface 1028 may be used to provide data related to adjustments to settings to
an end user by using the data from the data condenser 1029. An example could be data which
suggests changing the force support setting on a particular joint to improve performance. It may
also be used to provide data to the multiplexer engine 1026 such as tweaks to control parameters
to have more optimal control of the device. The user interface 1028 may also provide data to

professionals, for example, physiotherapist, to change the settings on the device by providing
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some insight into what should be changed and by how much based on previous learned models

and results from the long-term learning, analytics and recommendation unit 1030.

[00100] In some embodiments, the user interface 1028 may receive data from the settings
recommended engine 1032 which is part of the long-term learning, analytics and
recommendation organized unit 1030. This data may be used to recommend changes to settings
which are passed on to the multiplexer engine 1026 which may then make better decisions and

improve the overall performance of the device and its use.

[00101] The multiplexer engine 1026 may be used in any possible combination to
combine data from the data aggregator 1029, user interface 1028 and the artificial intelligence

control engine 1033 to provide data to the gait planner and high-level controller 1025.

[00102] In some embodiments, the multiplexer engine 1026 may create learning functions
with the long-term and short-term goals from the artificial intelligence control engine 1033.
These learning functions can be used to create better optimal control parameters for the gait
planner and high-level controller 1025. In an example embodiment, the artificial intelligence

control engine 1033 implements one or more neural networks.

[00103] The long-term learning, analytics and recommendation organized unit 1030
comprises the settings recommender engine 1032, artificial intelligence control engine 1033,
analytics interface 1034, and artificial intelligence engine 1031. The long-term learning,
analytics and recommendation organized unit 1030 may be used to carry out automatic or
cooperative (with assistance from an expert) model generation for various activities such as

walking, running to name a few.

[00104] In some cases, the long-term learning, analytics and recommendation organized
unit 1030 may function as an expert system comprising medical expertise providing functions
similar to a physiotherapists and clinicians specialised in gait rehabilitation and/or mobility,
controls expertise similar to a controls engineers highly trained in the design and tuning of
adaptable controls systems for powered orthosis devices and data scientists with expertise in
inferring the most critical and useful metrics for clinicians and physiotherapist through various
data streams in the context of rehabilitation and/or mobility.
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[00105] The artificial intelligence engine 1031 may be used to provide data to the settings
recommender engine 1032, artificial intelligence control engine 1033, and analytics interface
1034. This data may be inferred through learning functions which apply artificial intelligence on

data provided by the data aggregator 1027.

[00106] In some embodiments, the artificial intelligence engine 1031 may use data
gathered from numerous mobile system devices to create better models and learned functions
using artificial intelligence. These models and learned functions will evolve as more mobile
system devices are used and existing mobile system devices are used more frequently allowing
for a continuous improvement in data provided to the settings recommender engine 1032,
artificial intelligence control engine 1033, and analytics interface 1034 which can be used to

provide better performance overall.

[00107] The settings recommender engine 1032 may be used to provide suggestions to the
user interface 1028 based on data from the artificial intelligence engine 1031. These suggestions
may be used to decide on better settings which may be used to provide a better user experience,

improve performance and better use the mobile system.

[00108] In some embodiments, the settings recommender engine 1032 may be thought of
numerous physiotherapist and clinicians combining their knowledge on what the most optimal

settings should be to achieve the individual end user’s goals.

[00109] The artificial intelligence control engine 1033 may be used to provide better long-
term and short-term goals to the multiplexer engine 1026. An example of a long-term goal is the
overall distance to be covered using the mobile system device in a fixed session time. An
example of a short-term goal is the average speed to maintain in the next 10 gait cycles. The
short-term goal can also be used to help achieve the long-term goal as in the example outlined

above.

[00110] The analytics interface 1034 may be used to provide useful learned metrics to let
the end user analyse how the sessions with the mobile system device are progressing and change
settings on the mobile system device to improve future sessions. This may be used to learn about
progress of different end users over multiple sessions and how changes to the mobile system
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device in terms of various settings have affected the outcome of the session. By tracking these
metrics over time end users can have quantifiable data to show their progression using the

device.

[00111] In some embodiments, these metrics can span multiple dimensions and relate to
various parameters such as force on limb over the gait phase over multiple sessions. This high
dimensional data can also be reduced to lower dimensions for easier understanding using the

artificial intelligence engine 1031.

[00112] Variations may be made to some example embodiments, which may include
combinations and sub-combinations of any of the above. The various embodiments presented
above are merely examples and are in no way meant to limit the scope of this disclosure.
Variations of the innovations described herein will be apparent to persons of ordinary skill in the
art having the benefit of the example embodiments, such variations being within the intended
scope of the present disclosure. In particular, features from one or more of the above-described
embodiments may be selected to create alternative embodiments comprised of a sub-combination
of features, which may not be explicitly described above. In addition, features from one or more
of the above-described embodiments may be selected and combined to create alternative
embodiments comprised of a combination of features which may not be explicitly described
above. Features suitable for such combinations and sub-combinations would be readily apparent
to persons skilled in the art upon review of the present disclosure as a whole. The subject matter

described herein intends to cover and embrace all suitable changes in technology.

[00113] Certain adaptations and modifications of the described embodiments can be made.

Therefore, the above discussed embodiments are considered to be illustrative and not restrictive.
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WHAT IS CLAIMED IS:

1. A system for rehabilitation and/or mobility of a user, comprising:
a frame;
wheels for enabling rolling movement of the frame;
a pelvis support for distributing weight of the user to the frame; and
a motorized unit operably attached to the frame and for assisting movement of the
user;
wherein the motorized unit comprises an attachment for attaching to a part of a

lower body of the user.

2. The system of claim 1, wherein the pelvis support is attached to the frame.

3. The system of any one of claims 1 to 2, wherein the pelvis support is a saddle.

4. The system of claim 1, wherein the pelvis support is a harness.

5. The system of claim 4, wherein the frame further comprises an upper frame having at

least one attachment point for the harness.

6. The system of claim 5, wherein the upper frame comprises a cross bar that is higher than

the shoulder or head of the user.

7. The system of claim 5, wherein the upper frame is level with or lower than the armpit of
the user.

8. The system of claim 5, wherein the upper frame is adjustable in height.

9. The system of any one of claims 5 to 8, wherein the at least one attachment point is

adjustable on the upper frame.

10.  The system of any one of claims 5 to 9, wherein the harness is attached to the upper
frame at the at least one attachment point on the upper frame, for distributing weight of the user

to the upper frame.
-19-
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11. The system of any one of claims 1 to 10, wherein the pelvis support supports full weight

of the user.

12. The system of any one of claims 1 to 10, wherein the pelvis support supports partial

weight of the user.

13.  The system of any one of claims 1 to 11, wherein the pelvis support is of a length to lift

the user partially off the ground.
14.  The system of any one of claims 1 to 13, wherein the wheels are attached to the frame.

15.  The system of any one of claims 1 to 14, wherein the motorized unit is movably attached

to different parts on the frame.

16.  The system of any one of claims 1 to 15, wherein the motorized unit comprises a first

actuator for assisting movement of a hip of the user.
17. The system of claim 16, wherein the first actuator comprises a first gearbox.

18.  The system of any one of claims 1 to 17, wherein the motorized unit further comprises a

fourth actuator for assisting both the movement of both left and right hips of the user.
19. The system of claim 18, wherein the fourth actuator comprises a fourth gearbox.

20.  The system of any one of claims 1 to 19, wherein the motorized unit further comprises a

second actuator for assisting movement of a leg of the user.

21.  The system of any one of claims 1 to 20, wherein the motorized unit further comprises a

fifth actuator for assisting movement of both left and right knees of the user.

22, The system of any one of claims 17 to 21, wherein a distance between the actuators is

adjustable when there are at least two actuators.
23.  The system of any one of claims 1 to 22, wherein the motorized unit further comprises a
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third actuator for assisting movement of both a hip and a knee of a leg of the user.

24.  The system of any one of claims 1 to 23, wherein the attachment further comprises a leg

attachment for attaching to a leg of the user.

25.  The system of any one of claims 1 to 24, wherein the attachment further comprises a
thigh attachment for attaching to a thigh of the user and/or a hip attachment for attaching to a hip

of the user.

26.  The system of any one of claims 1 to 25, wherein the attachment further comprises a calf

attachment for attaching to a calf of the user.

27.  The system of any one of claims 1 to 26, wherein the attachment further comprises an

ankle attachment for attaching to an ankle of the user.

28.  The system of any one of claims 1 to 27, wherein the attachment is attached by at least
one strap.

29.  The system of any one of claims 1 to 28, wherein the frame is adjustable in height.

30.  The system of any one of claims 1 to 29, wherein each of the wheels comprises a brake.
31.  The system of any one of claims 1 to 30, further comprising a motor control unit for

controlling the motorized unit.

32.  The system of any one of claims 1 to 31, further comprising an artificial intelligence
based control system for controlling the motorized unit, the artificial intelligence based control

system comprising at least one processor and memory.

33. The system of claim 32, wherein the artificial intelligence based control system
comprises an artificial intelligence based settings recommender engine which uses reinforcement
learning to improve recommendations for gait settings on the user interface based on a score

assigned by the end user on their applicability over time and across different mobile systems.
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34.  The system of any one of claims 32 to 33, wherein the artificial intelligence based control
system comprises an artificial intelligence based control engine which maps each motorized units
joint data corresponding to position, velocity and torque and user profile data to a gait action
such as turning through a sequence learning model such as a recurrent neural network model

including a hidden layer which converts all motorized units joint data into different gait phases.

35.  The system of any one of claims 32 to 34, wherein the artificial intelligence based control
system comprises an artificial intelligence based long-term learning system which combines
different mobile systems sequence learning models to create a deep neural network for gait

actions across different disabilities and users.

36.  The system of any one of claims 1 to 35, further comprising a human machine interface
device.
37.  The system of claim 36, wherein the human machine interface device comprises buttons,

a keyboard or a touchscreen.

38. The system of any one of claims 1 to 37, further comprising a power supply unit.
39. The system of claim 38, wherein the power supply unit supplies electrical or hydraulic
energy.
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