B Human-machine interaction
WHAT YOU AR, TAKES YOU FAR Carlo De Benedictis
XXXII Cycle Supervisor: Prof. Carlo Ferraresi

Scuola di DoHorato - Doctoral School

Three activities in the field of human-machine interaction are presented:

Robotized system for the clinical assessment of postural stability

* Research context instrumented with a second accelerometer and EMG. = Anon linear control has been chosen due to friction and

= Postural control, managed by the central nervous system, < A consistent correlation between the impulse (time valve non linearities, based on sliding mode technique.
Is evaluated observing the response to a perturbation. integral) of the contact force and the body response has = The effectiveness of the control logic has been proved,

= The typical mechanical perturbations are the base been evidenced. even if subject to the accurate identification of some
platform alteration and pU”mg forces exerted by cables. e Asecond Step: mode"ing a mechatronic system phySicaI parameters.

" Arobotized system, able to apply a controlled impulsive  « A mechatronic system able to control the impulse ofthe ™ Aclinical evaluation of postural control stability could be
perturbation and to analyze the human response, may be stimulation has been studied, consisting of a pneumatic performed by correlating the body momentum variation
more flexible and scalable in terms of direction and cylinder, two flow proportional valves and an instrumented with the contact force impuIseA.
energy of the stimulation impressed. striker, impacting with the body mass. — = -
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Fig.1.1: Postural control system. = Development of an experimental setup of the device;

. A preliminary study . Implgmgntation and tletc,t of the c.;ontrol logic;

* A manual perturbator, equipped with a load cell and an : :?eahzanop of q]?w gl|n|c?l ;[]nals, I "
accelerometer, has been used to impress perturbations on n)provgd dentification of the parameters related to the
healthy subjects, standing on a force platform and stimulation and the body response.

Design of Ankle-Foot Orthoses (AFO) based Design issues of a Haptic Device

on natural joint kinematics with Wire-Driven Parallel Structure
- Context and issues addressed } Fig.2.3: » Description of the activity | ... = -
= The arbitrary location of the mechanical hinge in Hinged Axode of = This activity has beenbased | |
Ankle-Foot Orthoses (HAFO) leads to unnatural IHAS (in on the study of a redundant
patterns of motion at the other foot joints. z . yellow) in a parallel cable-driven robot, .|
L . . . walking trial: : . .
= The variability of the ankle rotation axis requires an the malleol provided with haptic
appropriate design of the hinge. are shown in feedback, used as a master
= High device-limb compatibility is required to improve the red and blue unit for telemanipulation.
effectiveness of the treatment. dots. = The requirements of a
V y 100 device with such structure X
L u have been outlined, interms  Fig.3.2: The positional workspace of
= The realization and testing of a special prototypal HAFO of: the device, projected on the
with floating axis of rotation. .. the definition of the fixed coordinate planes.
» The realization of dynamic orthoses based on 3D frame and arrangementof =  The study has evidenced
scanning of the subject’s limb, built in additive the wires; that several improvements
manufacturing, and tested in terms of durability, shape ||ii. the kinematic description are possible, as:
Fig.2.1: HAFO prototype anc marr itionig. and comfort. and Workspace evaluation;. I f[heldefinition of special
4 I Fig.2.4: iii.  the choice of the actuators; indices to evaluate the
* Novel contributions L Prototypes of Iv. the control logic. workspace characteristics
= The prqposal of a new mgthodolpgy for the in-vivo ¢ dynamic AFO of devices with different
evaluation of ankle joint kinematics, based on the built in additive ,
. . . . structures;
calculation of the Instalntaneous Helical Axis (IHA) over , | Mmanufacturing. {0 take into account the
stereo-photogrammetric data. Fig.2.2: Left non-ideal characteristics of
g \LCS/ Gl w,  representation the system, especially
i D o of the IHA and concerning the wire paths
X T its parameters. «  Future work and deformability, or
e Ny ’ F'gg‘t 'fower = |mprovement of the methodology for the in-vivo friction, in the design
; an \4 S'?Ster;.erence kinematic analysis of the ankle joint, concerning the process;
s @ HA v @gS— experimental and numerical procedures; ., to overcome the limited
- Yy 2 \ = Mechanical characterization of the devices, by means of Fig.3.1: The prototype of the strokes of pneumatic
x N stiffness measurements in laboratory and FEA. master unit. actuators.
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