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Abstract. Towards a more realistic feeling of interacting with virtual
and remote objects, we developed a wearable cutaneous device for the
proximal finger phalanx able to provide skin deformations and thermal
cues on the user skin. A servomotor is used to move a belt applying a
pressure on the user finger, while a Peltier cell renders thermal cues. In
the proposed hands-on demonstration, a user wears such haptic ring and
a VR headset, and interacts with a virtual environment. In the virtual
scenario, objects with different temperatures are displayed and the user
is asked to find the coldest or the hottest. During the interaction, the
movements of the user hand are tracked by a Leap Motion sensor, while
the haptic ring renders interaction forces and thermal cues, providing
the user with the sensation of touching objects in the scene at different
temperatures.
Keywords: Thermal Feedback · Wearable Haptics · Virtual Reality ·
Haptic Ring
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Introduction

The global wearable electronics market is forecast to grow at a compound annual
growth rate (CAGR) of 23.30% during the period 2018-2022 [1]. Currently, offthe-shelf wearable devices provide limited haptic sensations, mainly focusing
on vibro-tactile feedback. In this paper, we introduce a novel cutaneous device
that can be worn on the proximal finger phalanx and is capable of providing skin
deformations and thermal cues on the user skin. Such haptic ring proves effective
in enhancing user experience during the interaction with virtual objects.
Thermal perception enriches human sense of touch with cues that help in
discriminating the material composition of objects. Studying receptive fields,
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location, and perceived temperature ranges of the skin receptors, called thermoreceptors, that mediate such stimuli, is fundamental for designing thermal
displays [6]. One of the first tactile interfaces including thermal modules is a
glove for teleoperation developed in 1993 [2]. Several thermal displays have been
proposed since then [5]. Most of them embed Peltier devices to simulate different temperatures, and have been tested in psychophysical experiments where
participants are asked to discriminate materials based on thermal cues [4].
There is an increasing interest in developing tactile displays for Virtual Reality and Augmented Reality environments [10]. In [7] a wearable interface providing force and thermal feedback to subject’s finger has been realized. The device
uses PWM-driven DC motors to generate haptic stimuli and a Peltier module
placed in contact with the fingernail.
A non-wearable vibro-thermal interface has been instead developed in [8].
The system uses a set of thermal modules composed of couples of Peltier cells.
One couple is used during heating phase and the other during cooling phase.
This solution has been adopted in order to enable fast changes of temperature
during the transition from heating to cooling phase and viceversa.
The device proposed in this paper embeds a servomotor that moves a belt
applying a pressure on the user finger (similarly to [9]), and a Peltier cell that
renders thermal cues (similarly to [3]). Its main advantage resides in having an
on-board cooling system, that is controlled so to ensure both, good performance
(comparable with human thermal perception) and stability of the device. As
explained in Section 3, it can be used to enhance user experience during the
interaction with a Virtual Reality scenario.
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Haptic ring

The proposed haptic ring weighs 21 g and is positioned on the proximal finger
phalanx of the user, so to improve the capability of this device to be used together
with unobtrusive hand tracking systems, such as the LeapMotion controller and
the Kinect sensor. It is composed of a static upper body located on the nail
of the finger, and a mobile end-effector that is in contact with the finger pad
(Fig. 1). The upper body contains a small servomotor. A belt is attached to the
motor pulley and connects the two parts. In this way, the platform is able to
move towards or away from the finger. This motion allows to provide a variable
pressure directly to the user’s skin, thus recreating the sensation of making
and breaking contact with virtual objects. The mobile platform can displace
vertically up to 5 mm, and can deliver a normal force up to 5 N. Besides, it
houses a 13 × 13 × 3.8 mm Peltier cell3 (Adaptive R Thermal Management,
European Thermodynamics Limited) and its cooling system, represented by a
15 × 15 × 3 mm fan4 (Sunonwealth Electric Machine Industry Co., Ltd.).
3
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Peltier cell datasheet: docs-emea.rs-online.com/webdocs/144a/0900766b8144a996.pdf
Fan datasheet: www.sunon.com/pro2_page.php?pkid=8
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The ring is connected to a wrist bracelet housing the controller and the driver
for the Peltier cell. The communication with the controller is wireless, thanks to
two XBee R RF modules (Digi International Inc.)5 .

(a)

(b)

Fig. 1: Wearable haptic ring able to provide cutaneous force feedback and thermal
cues: (a) 3D model, (b) real device.
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Virtual Reality game

As shown in Fig. 2, in the proposed demonstration a user wears an Oculus
Rift (Oculus VR, LLC) and a haptic ring to interact with a virtual scenario
implemented using the game engine Unity (Unity Technologies). User’s hand
movements are tracked by a Leap Motion sensor (mounted on the headset), while
the haptic ring renders cutaneous force feedback and thermal cues, providing the
user with the sensation of touching objects in the scene at different temperatures.
The virtual scenario reproduces a kitchen (Fig. 3). In the first part of the
Virtual Reality experience, three bottles (Fig. 3a) are shown to the user, that is
asked to choose the coldest. Then, three cups (Fig. 3c) are presented to the user,
that is asked to choose the hottest. Once the choice is made, the game shows a
green tick for correct answers and a red cross for wrong answers (Figs. 3b and
3d).
For the preliminary tests of the device, informed consent was obtained from
all individual participants.
5

XBee modules datasheet: www.sparkfun.com/datasheets/Wireless/Zigbee/XBee-Datasheet.pdf
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Fig. 2: Hands-on demonstration setup.

(a)

(b)

(c)

(d)

Fig. 3: Game in Virtual Reality. (a), (b) The user is asked to choose the coldest
among three bottles. (c), (d) The user is asked to choose the hottest among three
cups. The system displays a green tick if the answer is correct or a red cross if
the answer is wrong.
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