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Abstract. Robotics-enabled technologies for assistive and rehabilita-
tive applications have gained an increasing attention, both in academic
and industrial research settings, as a promising solution for human
sensory-motor system recovery. However, many constraints remain that
limit their effective employment in everyday-life, mainly related to cost,
usability and users’ acceptance. The Softpro project proposes to com-
pletely reverse such paradigm, starting from the analysis of the needs
from patients and the careful investigation of the sensory-motor human
behaviour, capitalizing on the framework of synergistic control and soft
robotics. The final goal is to study and design simple, effective and afford-
able soft synergy-based robotic technologies for the upper limb, such as
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new prostheses, exoskeletons, and assistive devices which can be useful
and accessible to a wide audience of users. To pursue such an ambi-
tious objective, SoftPro has put together research groups who laid the
neuroscientific and technological fundamentals underpinning the project
approach, a net of international collaborations and numerous and qual-
ified industrial partners, which is expected to produce a strong impact
on both research and innovation.

1 Introduction

Currently available technology-enabled rehab training and assistive devices are
very rarely manageable, intuitive, and affordable enough to be used in patients’
everyday life. The ambitious objective of the SoftPro project [1] firmly adheres
to a quantitative assessment-based philosophy in the development of innovation
concerning prosthetics and neurorehabilitation devices. Starting from homoge-
neous methodological bases, the aim of the project is to address a spectrum of
challenges ranging from technologies that, starting from a validation in relevant
environments, reach a complete and qualified status, to high-risk high-gain ideas
supported only by preliminary observations that will hopefully reach a relevant
validation stage. Three aspects are crucial in our project: the control of prosthe-
ses and rehab devices, where the human “talks” to the artificial device to con-
trol its motion through brain- and body-machine interfaces; the haptic stimulus
delivery, where the artificial “talks” to the human to render the missing or defi-
cient sensory feedback; and the implementation of elementary semi-autonomous
sensorimotor loops, such as the grip reflex in a hand prosthesis or exoskeleton
(Fig. 1).

Fig. 1. SoftPro technologies and integration
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2 Materials and Methods

Based on the previous work of its research and industrial participants and in
close collaboration with clinical participants, The SoftPro project is working on
the development of new advanced instruments to measure the dynamics of inter-
action between the user, the assistive device and the environment (other people
and objects in the surroundings) in new and more accurate ways. In SoftPro,
starting from a solid neuroscientific theoretical basis on sensorimotor synergies
as the elementary alphabet of human motor control primitives and from the
theory and technology of soft robotics that enable controllable impedance and
adaptability in physical human-robot interaction, new methods and technologies
for prosthetics and rehabilitation can be developed. Furthermore, a principled
simplification approach allows the development of the simplest technology to
fulfill a desired assistive goal. This approach is then extended to the design of
upper limb and hand prostheses with a larger/different set of synergies, and
supernumerary limbs for assistance and rehabilitation (extratheses) to increase
upper limb functionality and subsequent independence in activities of daily liv-
ing (ADLs) in persons where no more functional motor improvements seem to
be achievable. The SoftPro principled simplification approach also provides for
hand and upper limb exoskeletons that are light-weight, low-cost, easy to don
and only minimally interfere with natural motion and interaction with the envi-
ronment. Finally, to maximize the impact of our research we are following a very
open approach to sharing our results. SoftPro promotes open access not only to
data collected, but also to technology developed, for the purpose of building a
community of users and developers which will in turn contribute to furthering
our goals of making prosthetics and rehabilitation aids more easily accessible
(Fig. 2).

3 Results

Main results currently achieved in applied neuroscience include the clarification
of the theory of sensorimotor synergies in rehabilitation [2], and the develop-
ment of novel algorithms for eliciting synergy-inspired control of robotic aids
from brain-machine interfaces. The SoftPro project is further pursuing the con-
cept of soft-synergy based hand prostheses (the SoftHand Pro, [3]), currently
being tested at a wide range of international facilities, at a pre-marketable state
(TRL8). New tools for the assessment of effectiveness of robot-enabled prostheses
and assistive devices include the maturation of the Virtual Peg Insertion Test,
the development and application of force/torque based [4], intrinsic tactile sens-
ing techniques to measure grasping and manipulative forces with tools such as
instrumented objects and the ThimbleSense [5]. Moreover, other SoftPro devices
are currently reaching a higher TRL, as e.g. the shell-based exoskeletons, and
IMU-based posture and measurement gloves [6]. Starting from previous works
by participants, as the HexoSys [7] or the HandExo [8], the SoftPro exoskeletons
will be designed to achieve a reliable construction with more optimized kinemat-
ics, using suitable materials, small form factor, low weight and high precision.
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The design and validation of novel interfaces for haptic stimulus delivery in pros-
thetics and robotics rehab, represents a significant improvement for closing the
sensory-motor loop in an intuitive and simple manner, likely contributing to
device acceptance, as e.g. [9,10]. Finally, SoftPro is featuring “red label” investi-
gations and developments, where the project is undertaking higher risks testing
disruptively new hypotheses and paradigms. These include the attempt to esti-
mate from autonomic nervous system signals, subtle but important information
such as stress and/or fatigue [11]; and pioneering the idea of using robotic extra
limbs [12] for assistance to persons with chronic motor impairments.

(a) (b) (c) (d)

Fig. 2. Examples of devices developed or used within the SoftPro project: (a) SoftHand
Pro, (b) Stretch Pro, (c) HandExo and (d) Sixth Finger.

4 Conclusion

The SoftPro project addresses the scope to advance key technologies for assistive
and rehabilitative robotics. In terms of innovation, SoftPro capitalizes on pre-
vious research work by the participants, often in collaboration, to significantly
progress in engineering, clinical validation, and assess the economic viability of
systems for robotics-enabled aids. Thanks to the strong links between partici-
pants, the industrial pickup of at least some of these results is highly probable.
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