
  

  

Abstract— This contribution aims at presenting the new 
frontiers and main challenges of wearable robotics through the 
analysis of the design and development of two robotic platforms: 
the elbow exoskeleton NEUROExos and the hand exoskeleton 
HANDEXOS, both developed at The BioRobotics Institute of 
Scuola Superiore Sant’Anna, Pisa, Italy. 

I. INTRODUCTION 

In 1960s, in "Man-Computer symbiosis", J.C.R. Licklider 
formulated the visionary concept of human-computer 
symbiosis, according to which computers and humans would 
become seamlessly interdependent while sharing common 
goals. After about 50 years, one may argue this vision 
became reality, leading to an ubiquitous diffusion of laptops, 
tablets, smart-phones and other hand-held devices, with 
advanced computing capabilities. 

Scientific and technological works on wearable active 
robots, such as exoskeletons, began in the early 1960s [1]. 
While initially conceived for human motion augmentation 
purposes, wearable powered robots have been gradually 
proposed as a technological aid for motion rehabilitation and 
assistance, and functional substitution in patients suffering 
from motor disorders. Over these years, despite of the 
significant technological and scientific advancements 
achieved in the field of wearable powered robotic 
technologies, we have not yet witnessed the success of a 
fully-wearable powered robotic device, e.g.  a robotic suit, 
which is easy to wear and intuitive to cooperate with. This 
lack of available technology is even more evident if we 
consider its potential impact, e.g. in helping people to 
perform “heavy” jobs, enhancing precision and endurance, or 
in assisting the motion of weak, older or disabled people. 

Based on the above consideration, this contribution aims 
at discussing whether a "human-robot (exoskeleton) 
symbiosis" is possible, through the presentation of two case-
study robotic platforms: NEUROExos and HANDEXOS. 
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Attention will be paid to the presentation of: 1) novel 
kinematics and actuation solutions, which guarantee better 
human-robot coupling and cooperation; 2)  new solutions for 
actuation, control and sensing, promoting portability and 
reliability of the device, as well as user’s safety. 

II.  NEUROEXOS PLATFORM 

NEUROExos is a robotic elbow exoskeleton for physical 
rehabilitation [2]-[6] (see Fig. 1). The design of 
NEUROExos was focused on three solutions which enable its 
use for post-stroke physical rehabilitation. Firstly, double-
shelled links allow an ergonomic physical human-robot 
interface, and consequently a comfortable interaction. 
Secondly, a 4-degree-of-freedom passive mechanism, 
embedded in the link, allows the user’s elbow and robot axes 
to be constantly aligned during movement. The robot axis can 
passively rotate on the frontal and horizontal planes 30° and 
40° respectively, and translate on the horizontal plane 30 
millimeters. Finally, a variable impedance antagonistic 
actuation system allows NEUROExos to be controlled with 
two alternative strategies: independent control of the joint 
position and stiffness, for robot-in-charge rehabilitation 
mode, and near-zero impedance torque control, for patient-
in-charge rehabilitation mode. In robot-in-charge mode, the 
passive joint stiffness can be changed in the range 24-56 
N·m/rad. In patient-in-charge mode, NEUROExos output 
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Fig. 1 Overview of NEUROExos. Adapted from [3] 

 
Fig. 2 Overview of HANDEXOS finger module. Adapted from [7]. 



  

impedance ranges from 1 N·m/rad, for 0.3 Hz motion, to 10 
N·m/rad, for 3.2 Hz motion. 

III.  HANDEXOS PLATFORM 

HANDEXOS is a wearable multi-phalanges device for 
post-stroke hand rehabilitation (see Fig. 2). It was designed in 
order to allow for a functional and safe interaction with the 
user’s hand by means of an anthropomorphic kinematics and 
the minimization of the human/exoskeleton rotational axes 
misalignment. In the design of HANDEXOS, we considered 
the joint axes misalignment issue with a main focus on the 
metacarpo–phalangeal (MCP) joint whose complex anatomy 
makes difficult to assure good axes alignment during the 
extension/flexion task. In particular, we conceived a slider-
crank-like mechanism that transmits the driving torque onto 
the human MCP joint, while minimizing the undesired forces 
loading such articulation. 
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