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Abstract. This extended abstract presents the design of a wearable
device for haptic stimulation of hand palms and phalanges. Most of the
wearable haptic devices for hand palms are based on a parallel structure,
that guarantees good precision and stiffness but presents workspace lim-
itations and encumbrance problems. In this work, we improve the design
of a wearable extra-finger, previously designed to augment human hands
and to provide assistance for people affected by hand and upper-limb
diseases to apply as a haptic device. To employ this device for haptics
applications, we provided it an additional adduction/abduction degree
of freedom and we modified the fingertip/end-effector to include a micro
force sensor.

Keywords: Haptic devices - Wearable Devices - Rehabilitation.

1 Introduction

Human augmentation by means of supernumerary robotic limbs (SRLs) repre-
sents a recent and lively research topic [1]. SRLs are developed to allow humans
to perform complex actions with increased strength and precision, and also to
enlarge the human workspace. Our research group has been involved in particu-
lar in the development of supernumerary extra-fingers [2, 3]. Adding a single or
double extra robotic finger can improve the grasping capabilities of the human
hand and its dexterity even in complex actions.

In this work we propose to exploit supernumerary extra fingers as wearable
haptic devices for cutaneous stimuli of hand palm and phalanges. Although the
hand is one of the primary interfaces between humans and the surrounding en-
vironment, most of the haptic devices that return tactile stimuli are focused on
the fingers [4], while fewer of them are developed specifically for the palm. Most
of the wearable haptics devices developed for hand palm are based on parallel
mechanisms, i.e. mechanical systems using multiple serial chains (typically vary-
ing from 3 to 6) to support a single platform, or end-effector [5-7]. One of the
main drawbacks of parallel mechanisms is that their workspace, i.e. the set of
possible configurations that can be reached by the end effector is rather limited,
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and in haptics context this means that a limited part of the hand can be stim-
ulated. Serial mechanisms, on the other hand, typically are more flexible and
less precise than parallel ones, but their open structure allows to reach a wider
workspace.

2 The improvement of the sixth finger

As mentioned in the previous section, in this work we improved the wearable
extra finger developed in[8, 3] to exploit it in haptic applications.

The robotic extra finger [8] has a modular structure, each module is com-
posed of a rigid part realized in ABS (Acrylonitrile Butadiene Styrene, ABSPlus,
Stratasys, USA) and flexible part, made of TPU (thermoplastic polyurethane,
Lulzbot, USA). We selected TPU in particular because the high elongation of
this material allows for repeated movement and impact without wear or cracking
proving. Seven modules were employed in order to achieve a length of the finger
similar to the average size of human hand. The robotic extra finger is tendon-
driven and is actuated by only one motor, providing the flexion movement.

To exploit the extra finger in haptic applications, we increased its workspace
by providing it the adduction/abduction motion, by connecting the proximal
module to a platform orientable by means of a gear system. To reduce the en-
cumbrance on the wrist, the motor was substitured by a linear actuator. Fur-
thermore the distal module was sensorised with a microforce sensor, necessary
to control haptic interaction with human hand. CAD model of the proposed
device is shown in Figure 1. Furthermore, the stiffness of the flexible elements
connecting finger phalanges has been calculated using the procedure proposed in
[8] so that when the actuator pull the tendon, the extra-finger flexes by keeping
the distal phalanx approximately perpendicular to hand palm.

3 Future works

The device is currently in the prototyping phase. A first set of experimental
tests will be aimed at verifying its functional characteristics, in particular, we
will identify the part of the hand that can be stimulated with the device and the
corresponding force that can be applied. Then in a second experimental phase
we will compare it with the device presented in [7]. Then, users studies will be
carried out to assess device usability in VR and AR contexts.

References

1. D. Prattichizzo, M. Pozzi, T. L. Baldi, M. Malvezzi, I. Hussain, S. Rossi, and
G. Salvietti, “Human augmentation by wearable supernumerary robotic limbs: re-
view and perspectives,” Progress in Biomedical Engineering, vol. 3, no. 4, p. 042005,
2021.



Exploiting a wearable extra-finger for haptic applications 3

‘;,fi‘{\;\\ . - <
“y

Y
A&. . ‘
=259 & ¢ &" )
Ty,

L |

c) d)

Fig. 1. (a) CAD model of the wearable extra finger exploited for haptic applications,
worn by the user. (b) CAD model of the wearable extra finger, showing the actuation.
(c¢) Fingertip module. (d) Sensing elements in the fingertip module.
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