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(57) Abstract: Systems and methods for providing assistance with human motion, including hip and ankle motion, are disclosed.
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assistance. Variations in user kinetics and kinematics, as well as construction, materials, and fit of the wearable robotic system, are
considered in order to provide assistance tailored to the user and current activity.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group | - Claims 1-36 and 85-86 directed to a method and wearable robotic system for assisting motion of a hip joint by monitoring an
angle of the hip joint.

Group |l - Claims 37-84 and 87 directed to a method and wearable robotic system for assisting motion of a ankle joint by monitoring
rotational velocity of the ankle of the user.

-~ ( See Continuation in Supplemental Box ) ---
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1. }A‘ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:I As all searchahle claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

E] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

N4
N No protest accompanied the payment of additional search fees.
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Continuation of:
Box HI. Observations where unity of invention is lacking

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features:

The invention of Group | included the features of at least one sensor adapted to monitor real-time measurements of an angle of the hip
joint to detect when the hip joint reaches a maximum flexinn angle; and detect when the angle of the hip joint has reached the maximum
flexion angle; in response to detecting that the angle of the hip joint has reached the maximum flexion angle, actuating the wearable
robotic system according to the actuation profile to assist with an extension motion of the hip joint of the user, not required in group II.

The invention of Group |l included the features of at least one sensor adapted to monitor real-time measurements of a rotational velocity
of the ankle of the user to detect a first change in direction of the measured rotational velocity of the ankle joint after the detection of a
heel strike; and detecting a heel strike of the user; in response to detecting the first change in direction of the measured rotational
velocity of the ankle joint, actuating the wearable robotic system according to the actuation profile to assist with an plantar flexion motion
of the ankle joint of the user, not required in group I.

Common Technical Features

Groups !-Il share the technical features of at least one sensor adapted to monitor real-time measurements; at least one processor that is
adapled to obtains computer executable instructions stored on a non-transitory medium that when executed by the at least one
processor causes the wearable robotic system to: determining a desired peak force or integral power to be generated by a wearable
robotic system during a current gait cycle of a user; generating an actuation profile according to which the wearable robotic system may
be actuated to deliver the desired peak force or integral power to the body of the user; actuating the wearable robotic system according
to the actuation profile to assist.

However, the shared technical features does not represent a contribution over prior art as being obvious by US 2013/0289452 A2 to
Smith et al. (hereinafter 'Smith"), 31 October 2013 (31.10.2013) in view of US 2011/0105966 A1 to Kazerooni et al. (hereinafter
‘Kazerooni'), 05 May 2011 (05.05.2011).

Smith teaches at least one sensor adapted to monitor real-time measurements (Para [0007], [0023] - sensor system attached to the
skeleton joint system; the sensor system can determine if the user of the exoskeleton is standing up); at least one processor that is
adapted to obtains computer executable instructions stored on a non-transitory medium that when executed by the at least one
processor causes the wearable robotic system to (Para [0106]- computer-readable medium containing computer program code, which
can be executed by a computer processor for performing any or all of the steps): determining a desired peak force or integral power to
be generated by a wearable robotic system during a current gait cycle of a user (Para [0087]- allow the system to determine how much
force the system is placing on the body in order to allow the system to feed back into the contro! system); actuating the wearable robotic
system to assist (Para [0029], [0050]- exoskeleton system 100 can include the actuation system 106 for actuating the skeleton joint
system 102; The control system 500 is for determining when or how an actuation system is activated and powered.).

Kazerooni teaches generating an actuation profile according to which the wearable robotic system may be actuated to deliver the
desired peak force or integral power to the body of the user (Para [0007], [0076)-[0077] - create a torque profile such that the force from
the leg support in the swing phase onto the carresponding wearer's lower limb is in the direction of the wearer's lower limb swinging
velocity; the hip actuator of the swinging leg support should create a torque profile such that the torque from the swinging leg support
onto the person's corresponding lower limb is in the direction of the person's swing velocity); actuating the wearable robotic system
according to the actuation profile to assist (Para [0084]- This torque is then produced by hip actuators 145 and 146 during their
roepoctive swing phases).

As the common features were known in the art at the time of the invention, this cannot be considered a common technical feature that
would otherwise unify the groups.

Theretore, Groups |-l lack unity under PCT Rule 13.

* Note - Claim 87 is interpreted to depend from claim 37 instead of claim 1 as written, for proper antecedent basis of "the ankle joint.”
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