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Abstract

This paper presents a new concept of fingertip haptic de-
vice for the display of local contact geometry on the user’s fin-
gerpad. We propose an extension of the encountered haptic in-
terface concept [6], in order to build an active haptic thim-
ble, that is portable and can be fixed to the user’s finger. The
device is endowed with an actuation system that controls the
motion of a platform, that can come in contact with the fin-
gerpad with different orientations and at different fingerpad
locations, simulating the contact with a virtual surface. A pro-
totype of the device has been built and tested and is presented
throughout the paper.

1. Introduction

Haptic interaction with virtual environments is ide-
ally meant to provide an intuitive method of exploration.
In [4], it was shown that haptic perception by free explo-
ration with hands can be accurate and fast. This type of per-
formance, however, has not been duplicated in experiments
with constrains on the number and natural movement of fin-
gers. In [3], it was found that free hand exploration is more ef-
ficient than outstretched five-finger exploration, which
was subsequently more efficient than one outstretched fin-
ger.

Recently several new conceptual schemes have been pro-
posed and in particular two new approaches have been pro-
posed for the exploration of shapes. The first one hypothesizes
[2] that the shape recognition is due either to the perception of
slipping of the fingerpad over the object surface or to the dis-
placement of the contact area over the fingerpad. In [5] pre-
liminary tests reveal that relative motion can be used to ren-
der haptic sensation; rotating a drum beneath the finger, effec-
tively recreates the sensation of moving one’s finger along a
surface.

In [2], a new haptic device is presented which integrates
grounded point-force display with the presentation of contact
location over the fingerpad area.

Figure 1. A conceptual scheme of the device

The second one consider that recognition of shape is linked
to the perception of the orientation of the object surface at the
contact points. This concept was further exploited to build a
robotic system that can orient mobile surfaces on the tangent
planes to the virtual object that is simulated, only at the con-
tact points with the finger [6] (encountering haptic interfaces).

Hayward [1] observed that during typical movements, the
exploring finger orientation remained largely invariant, pre-
sumably to maximize the acquisition of shape information. He
implemented a prototype device to evaluate the hypothesis that
contact location trajectory on the fingertip provides sufficient
perceptual contribution to create the experience of large ob-
jects.

Further analysis suggested that some specific factors can
account for lack of haptic information observed in these exper-
iments, such as the absence of physical location of the contact
on the fingerpad, the inhomogenous perception of dynamic
properties due to differences of reflected inertias among dif-
ferent haptic interfaces and the absence of any geometrical in-
formation related to the orientation of the contact area. These
points suggested new criteria and guidelines for the design of
multipoint haptic interfaces.

2. A new fingertip haptic display

Analogously to [1], we propose an extension of the encoun-
tered haptic interface [6], in order to build an active haptic
thimble 1, that is a portable device, can be fixed to the user’s
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finger and is endowed with an actuation system that controls
the motion of a platform,to bring it in contact with the finger-
pad with different orientations and at different fingerpad loca-
tions. According to [1], in this way it should be possible to pro-
vide a sufficient feeling of curvature of objects. As a main dif-
ference with respect to [6], it is assumed that the mobile sur-
faces are connected to a device that is fixed to the hand of
the operator rather than being grounded. In this way by fix-
ing a link around the phalanx of the user’s finger, we can de-
sign an encountering haptic device where the relative position
of the phalanx with respect to the base link does not change
over time. The actuation system of such a device should have
all the degrees of freedom that are needed to positioning and
orienting a plane in the space.

Figure 2 shows a scheme of concept of the device. At it
can be seen, the contact with an arbitrary surface can be eas-
ily simulated.

Virtual wall

Virtual environment

Real environment

a) b)

Figure 2. The general principle of working of the
interface

If additional kinesthetic feedback should be provided to the
user, the active thimble can be mounted on the end-effector of
an haptic interface according to the scheme in Figure 1. In
this way the user is provided with information both on the lo-
cal geometry through the elicitation of tactile receptors and on
the global geometry through elicitation of proprioceptive sen-
sors. In the rest of this paper, the design of the fingertip haptic
display and preliminary results from the control are reported.

3. Design guidelines

In order to allow the user to support the weight of the de-
vice on its finger and to avoid interference of the device with
the rest of hand, reduction of bulk and weight was addressed
in the design of the device.

1 patent pending

4. Description of device

The device was designed by applying the following guide-
lines:

• the kinematic structure is realized as an hybrid kinemat-
ics with two different stages, a translational and a rota-
tional one;

• the motor group is constituted of five (one per joint)
brushed DC motors, placed in a remote position with re-
spect to the structure (see Figure 3);

• the actuation of structure is realized by sheathed cables,
which start from motor pulleys and reach driven joints.

In the implementation of the first prototype all the actuators
were placed distant from the part of the device worn on the fin-
ger, in order to reduce the moving masses and bulk of the de-
vice. To transmit the actuation forces from motors to joints,
addressing zero backlash in the transmission, a solution based
on steel tendons was adopted employing sheathed tendons.

Figure 3. The device is driven by a set of a
sheathed tendons connected to the motoriza-
tion group

4.1. Kinematics

The kinematic structure should position the final plate in a
predefined workspace around the finger, such that in any posi-
tion, the final plate could be oriented with respect to the finger
in a given range of angles. These requirements are satisfied by
a structure with at least 5 DOF. Three possible kinematic solu-
tions have been considered, fully serial, fully parallel and hy-
brid mechanisms. An hybrid solution composed of a transla-
tional parallel stage followed by a rotational parallel stage re-
sulted finally as the most suitable one.

The actuation system for each leg is shown in Figure 5. A
cable connected to the motor and a compression spring are
mounted aligned with the Leg Actuation Axis: clearly since
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Figure 4. The final implementation of the first
prototype

the tension cable should be always positive, the compression
spring works in a opposition with the motor, so that a min-
imum pre-load is always guaranteed on the cable. The con-
straint moment M for each leg (balancing the external moment
applied on the upper platform) is transmitted to the base only
through the links 1 and 2, while the external forces are equili-
brated only by the cable or the spring action.

Figure 5. The implementation of the leg for the
translational stage

The kinematics adopted for the rotational stage is shown in
Figure 6. With the same notation of figure, the orientation re-
quirements suggested to adopt two rotational axes allowing a
rotation around the axis Z’ fixed to the mobile platform, and
around an axis X.

5. Control of the device

The scheme in Figure 7 represents the actuation system of
one leg, composed of of one motor, the sheathed tendon, the
actuation cable and the return spring for each leg.

The dynamic equations of the motor for each leg were as-
sumed as follows:{

τm − Tinr = Jmθ̈ + bmθ̇

Tout = Kmx + mẍ = r(Kmθ + mθ̈)
(1)
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Figure 6. The rotational stage of the device

where Jm and bm are respectively the motor inertia and
damping constant, τm is the motor torque, Tin and Tout rep-
resent the cable tension, τm the motor torque, Km the spring
axial stiffness, while x0 is the length at rest of the spring Km.

The friction of the sheath has been modeled according to
the theory of belt (β and f representing respectively the wind-
ing angle of the tendon on the pulley and the friction coeffi-
cient between the groove and the cable) plus a viscous coef-
ficient b. The relation between Tin and Tout was determined
by the direction of motion, according to the drive either by the
motor or by the spring.

{
Tin = Toute

fβ + bθ̇ = Tout(1 + µ) + bθ̇ if θ̇ > 0
Tin = Tout

efβ + bθ̇ = Tout

(1+µ) + bθ̇ if θ̇ < 0
(2)
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Figure 7. Scheme of the actuation system of
one leg

The control was implemented with local position con-
trollers at the joint level. An inverse kinematic module was
used to convert the desired position expressed in carte-
sian coordinates to the corresponding joint coordinates.
The non-linear term due to the spring pre-load Kmx0 was
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pre-compensated, by adding it in feedforward to the mo-
tor torque τm in the control loop.

In order to compensate the friction generated by the sheath,
a simple experimental apparatus was set-up to measure the val-
ues of the friction coefficients between the steel cable and the
sheath in different geometric configurations (for different cur-
vature radii). The cable was fixed on one side to a position-
controlled DC motor and on the other one to a weight of
known mass. The motor was then moved on a trajectory with
constant speed, in order to lift the weight at constant veloc-
ity.

5.1. Experimental results from control

Figure 8 reports the step response of the translational stage
of the system in two opposite directions. The observed differ-
ence in the response of the system is due to the fact that either
the spring or the motor is active according to the selected mo-
tion direction.

Figure 8. The difference of the time response
in the two directions is due to the different
response of the motor and of the antagonist
spring

Figure 9 reports the tracking of a circular trajectory of the
central point of the translating stage.

Figure 9. Tracking of a circular trajectory

Figure 10. The approach of the plate to the fin-
gerpad with different orientations.

6. Conclusions

A new concept of fingertip haptic display is proposed in
this paper. A prototype of the device has been constructed and
tests are currently on going for the assessment of the capabil-
ity of the device and further more will be required for the as-
sessing the validity of this new concept of haptic display.
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