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I. INTRODUCTION

Towards a realistic and unobtrusive feeling of interacting
with virtual and remote objects, we propose a novel wearable
cutaneous device for the proximal finger phalanx, called
hRing, shown in Fig. 1a. It consists of two servo motors,
a vibrotactile motor, two pairs of push buttons, and a belt.
The servo motors move the belt in contact with the user’s
finger skin. When the motors spin in opposite directions,
the belt presses into the user’s finger, while when the
motors spin in the same direction, the belt applies a shear
force to the skin. The hRing presented in this work offers
enhanced mobility of the finger phalanx, ambidexterity, a
vibrotactile motor, and a lighter body structure. Pacchierotti
et al. [1] used the earlier version of this interface to interact
with objects in a virtual environment and results show that
providing cutaneous feedback through the proposed device
improved the performance and perceived effectiveness of the
considered virtual pick-and-place task of 20% and 47% with
respect to not providing any force feedback, respectively.

In this work, we propose the hRing as interface to interact
with a novel underactuated soft robotic finger (SRF), shown
in Fig. 1b and presented in [2]. The proposed SRF is an
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Fig. 1. The hRing and the Soft Robotic Finger.

extra robotic finger to be worn on the forearm by means
of an elastic band. The robotic device has been devised
for compensating hand function in chronic stroke patients
to re-gain the grasping capabilities of their paretic hand.
Preliminary results with chronic stroke patients has been
proposed in [3]. The robotic finger and the paretic hand act
like the two parts of a gripper, working together to hold an
object. The SRF has been designed to be wearable, robust,
and capable of adapting to different objects and shapes.
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II. METHODS AND EXPERIMENTS

Two chronic stroke patients (male, age 35 and 56) took
part to our experimental evaluation. The subjects were re-
quired to wear the robotic finger on their paretic arm and
the hRing on the healthy hand index finger.

Each patient uses the SRF for bimanual tasks typical in
Activities of Daily Living (ADL), such as unscrewing a jar,
or breaking a piece of bread (see Fig. 2).

Fig. 2. The integrated system used by a patient in Activities of Daily
Living.

The SRF motion is controlled by the user through the
buttons placed on the hRing dressed on the impaired hand.

After the bimanual tasks, we investigated the users’ sub-
jective satisfaction and possible concerns related to the
proposed system through the Usefulness-Satisfaction-and-
Ease-of-use-questionnaire (USE, [4]) that focuses on the
experience of the system usage (see Table II). Both patients
found the SRF useful in the considered ADL tasks and they
reported haptic feedback to be a valuable information to
estimate the quality of the grasp.

Questionnaire factors Mean (SD)
Usefulness 6.6(0.3)
Ease of use 5.8(0.5)
Ease of learning 6.5(0.4)
Satisfaction 5.8(0.4)

Questionnaire factors and relative marks. The mark ranges from “1 =
strongly disagree” to “7 = strongly agree”. Mean and standard deviation

(Mean (SD)) are reported.
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