An Untethered Multimodal Haptic Hand Wearable
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Abstract—Haptic primary colors correspond to temperature,
vibration, and force. Previous studies combined these three haptic
primary colors to produce different types of cutaneous sensations
without the need to touch a real object. This study presents a
low-cost untethered hand wearable with temperature, vibration,
and force feedback. It is made from low-cost and commercial
off-the-shelf components. A 26 mm annular Peltier element with
a 10 mm hole is coupled to an 8 mm mini disc vibration motor,
forming vibro-thermal tactile feedback for the user. All the other
fingertips have an 8 mm disc vibration motor strapped on them
using Velcro. Moreover, kinesthetic feedback extracted from a
retractable ID badge holder with a small solenoid stopper is used
as force feedback that restricts the fingers’ movement. Hand and
finger tracking is done using Leap Motion Controller interfaced
to a virtual setup with different geometric figures developed
using Unity software. Therefore, we argue this prototype as a
whole actuates cutaneous and Kinesthetic feedback that would be
useful in many virtual applications such as Virtual Reality (VR),
teleoperated surgeries, and teleoperated farming and agriculture.

Index Terms—haptic wearable, haptic primary colors, Peltier
device

I. INTRODUCTION

The last decades have seen research on both haptics tactile
transducers steadily increasing. Haptics has grown into an in-
terdisciplinary research covering perception [1]], psychophysics
[2]], vision substitution system [3]], [4], bio-medical engineer-
ing [5]], telecommunication [6], e-shopping [7], teleopera-
tion [8]], telerobotics [9], material recognition [10], Human-
Computer Interaction (HCI) [[11]], [12f], and Virtual Reality
(VR) environments [5], [7], [13[]-[15].

Recent research on haptic feedback tends to focus on the
portability and miniaturization of actuators with applications
in virtual reality (VR) to provide a more immersive experience
(50, (701, (13], [16]-[18]. According to [19]], aside from vision
and audio, the development of the portable tactile display
is needed for all VR technology. Tachi et al. theorized that
haptics, like light, can be reduced to three components and
named them as Haptic Primary Colors (HPC) known as force,
vibration, and temperature that corresponds to tactile and
thermal sensation receptors [20].

Some work has already taken place developing haptic de-
vices for the hand to enhance the immersive experience and
to facilitate interaction with objects in the virtual or remote
environment [5], [7]. In addition to mechanical and electrical-
based haptic devices, a multimodal tactile module combining
vibration and temperature (vibro-thermal) feedback was pro-
posed by Nakatani et al. [21]]. This vibro-thermal tactile device
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Fig. 1. Untethered haptic hand wearable with haptic primary colors feedback.
(a) The hand wearable haptic has cutaneous and kinesthetic haptic feedback.
Each fingertip has mini disc vibration motor. Aside from mini vibration motor,
the index fingertip has an annular Peltier device making it a vibro-thermal
haptic feedback as shown in Fig. EKb). The force feedback that can restrict
the movement of each finger is formed by combining a retractable ID badge
holder and small solenoid stopper as shown in Fig. EKC).

was further improved by Kato et al. and combined it with force
display to simulate degrees of softness [14].

One of the major determining factors in the success of
spatial computing involves natural interaction with the real,
augmented, or virtual environment. Naturalistic interaction
aids communications, cooperation, and integration between
humans and robots [5]. Conversely, if the interaction is un-
natural, then communication between these agents is severely
hindered. The comfort and wearability of haptic devices are
also significant considerations that come as a combination
of form factor, weight, shape, ergonomics, and functionality
[50, [7]. Haptic feedback for wearable can be in the form of
cutaneous stimuli, kinesthetic stimuli, or the combination of
both types of stimuli [[1]], [S[I, [7].
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Fig. 2. Schematic diagram of the prototype has 5 sections: (a) power supply, (b) microcontroller, (c) thermoelectric, (d) vibration motor, and (e) solenoid.

Spatial computing research is starting to examine the wear-
ability and portability of haptic devices [3], [7], [23], [24].
This can directly affect the immersive experience [12], [19],
[23]]. Cutaneous feedback enhances the performance and effec-
tiveness of teleoperation and immersive systems by providing
an effective and sophisticated way to simplify the design of a
wearable haptic device [5]].

Moreover, realization of a compact untethered hand wear-
able with fingertip cutaneous vibro-thermal tactile feedback
aiming at integration with a kinesthetic force feedback sys-
tems such as restricting finger movements during grasping or
touching a 3D VR object is a real challenge. More research is
needed in reducing the size of tactile feedback mechanism to
an acceptable level without compromising bandwidth, spatial
resolution, and strength of the transducer [22]], [23].

This paper presents a novel untethered haptic hand wearable
as shown in Fig. EKa) with temperature, vibration, and force
feedback representing the haptic primary colors (HPC) [20].
The force feedback in this study restricts finger movement
during touching or grasping VR objects. Details on the pro-
totype are discussed in the following sections: construction of
the prototype in section II, experimental setup in section III,
experimental results in section IV, followed by conclusion in
section V.

II. CONSTRUCTION OF THE PROTOTYPE

The construction of the haptic wearable focuses on two
categories: They are hardware, and software.

A. Hardware: schematic and building blocks

This section focuses on using commercial off-the-shelf
components to develop a haptic wearable with temperature,
vibration, and force feedback. Although our prototype has
temperature, vibration, and force feedback as [14], our focus
is to apply a stopping force to restrict finger movement during
touching or grasping of VR objects. Instead of using a DC
geared motor to control the thread for force feedback, we used
a retractable ID badge holder inspired by Lucas [25] and put a
small solenoid to stop the reeling as shown in Fig. [[{c) and a
CAD view in Fig. @p. Unlike [25]], we eliminated 3D printed
parts, or potentiometer to sense finger movement.

The schematic diagram of our prototype is shown in Fig.
The schematic is divided into five sections, namely: (a) power

supply, (b) microcontroller, (c¢) thermoelectric, (d) vibration
motor, and (e) solenoid section. We used a 5V DC power
supply for our microcontroller and a 3V DC supply for the
disc vibration motors and solenoids.

We used Leap Motion Controller [26] for hand and fingertip
tracking. An Arduino Nano IoT [27] is the microcontroller
used to control the motor drivers (IRL540 and ULN2803) and
h-bridge module (DRV8833). This microcontroller has WiFi
and Bluetooth wireless connectivity. We developed a simple
vibro-thermal feedback module composed of an 8 mm disc
vibration motor with 11000 rpm inserted on an annular Peltier
device (TES1-04903 Thermoelectric Peltier) with 10K NTC
thermistor as its temperature sensor as shown in Fig[T(b). We
used a 3.2 cm diameter retractable ID badge holder with a
small solenoid [28] stopper to stop and release the retractable
thread. The plastic disc inside the badge holder can be exposed
by cutting some portion of the casing. Grooves on the edge of
the badge’s disc, as shown in Fig. EKC), can be made using the
tip of a hot soldering iron. When the solenoid shaft is pulled
down towards the groove, like a door lock mechanism, it will
stop the turning of the disc, thus restricting the pulling of the
string connected to the fingertip.

B. Software: firmware and application layer

We used Arduino IDE to develop the firmware that controls
the vibration motors, solenoids, and the Peltier device. Ap-
plication software was developed using Unity. Leap Motion
Controller is used as a hand and fingertip tracking device
to monitor the position of the hands in virtual reality (VR).
Each fingertip in the VR has a contact collider that detects a
collision with a virtual object. If there is a collision between
the VR hand fingertip with a 3D body, it signals to the haptic
wearable’s corresponding actuator. Both the vibration motor
and solenoid are simultaneously activated whenever there is
a collision. The solenoid stops the reeling of the retractable
badge and restricts finger movement. Moreover, aside from
the vibration motor, the index fingertip has an annular Peltier
element activated to get hot or cold depending on the touched
3D VR object. In this study, the Peltier device gets hot, when
the VR index fingertip touches the red cube and gets cold
when it touches the blue cylinder as shown in Fig. 3] Actuation
signals from the laptop are sent to the prototype via Bluetooth
connection.
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Fig. 3. Untethered Haptic wearable experimental setup. The blue cylinder in
VR environment represent a “cold” VR object while the red cube represent a
“hot” VR object.

III. EXPERIMENTAL SETUP

1) Description of Experimental Configuration: The exper-
imental setup is shown in Fig. [§] has four basic elements:
laptop, Leap Motion Controller, haptic wearable, and the VR
environment. We used a Leap Motion Controller as an
input optical hand tracking device that captures hand and
finger movements. It can track them even when they are
obscured by other parts of the hand [26]. A VR environment
was developed using Unity and has a blue cylinder, red cube,
and green sphere with collision detection. Moreover, our haptic
wearable prototype has an open palm design so that the
Leap Motion Controller can track the hand and the fingers.
When any of the fingers collide with any 3D VR object, an
activating signal is sent to the corresponding vibration motor
and solenoid stopper. However, unlike the other fingertips the
index fingertip also checks if it has touched a red square or
blue cylinder. When the VR index fingertip touches the red
square, a “hot” signal is sent to the Peltier device controller to
make it hot. In contrast, the blue cylinder will send a “cold”
signal making the Peltier device cold when touched.

2) Current consumption: We used a 1200 mAh USB power
bank for the microcontroller. We also used four 1.5V dry
cells to form 2 sets of 3V DC supply for the actuators and
Peltier device. Each 8mm disc vibration motor consumes 63
mA, while each solenoid consumes 700 mA of current at
3V. Moreover, the Peltier device that we used consumes a
maximum of 1.5A at 3V, so only the index finger has it.

IV. EXPERIMENTAL RESULTS

1) Vibration Test: We managed to activate all mini disc
vibration motors and the corresponding solenoid that restricts
finger movement whenever a fingertip in the VR hand touches
a VR object. We used MPU-9250 accelerometer to capture the
vibrations of motor as shown in Fig. ffa).

2) Force Test: We used force gauge to measure the pulling
strength of the retractable ID badge holders and the stopping
force of the solenoid. By pulling a 15 c¢m string and measuring
vertically using a force gauge, the pull force of ten pieces of
3.2 cm diameter retractable ID badge holders ranges from 1.3N
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Fig. 4. Test results. (a) Vibration test using MPU-9250 accelerometer, (b)
perpendicular plunger force, and stopping force on the retractable ID badge
holder, and (c) Peltier device temperature test.

to 1.5N with a mean value of 1.4N and standard deviation of
0.067N. On the other hand, when the solenoid is activated, it
has a 1N push force perpendicular to the disc of the retractable
ID badge holder as shown in Fig. [4[b). The groove can
withstand 15N tangential force.

3) Temperature Test: We evaluated the performance of the
Peltier device by cooling it down for 3 seconds and turning it
off until it stabilizes, and warming it up by 3 seconds before
turning it off again. We presented three cycles with 2 Hz
sampling time as shown in Fig. ff[c). The ambient temperature
is around 29°C. We observed that once the Peltier device was
heated up, the cooling time is twice longer than the warming
up from cold to ambient temperature. The asymmetrical cool-
ing and warming time has been reported in many papers [14],
[21]] and four tile configuration has been proposed by to
improve the time to perceive temperature change by 36%.

V. CONCLUSION

This study presented a novel untethered haptic wearable
with temperature, vibration, and force feedback that can be
used for VR applications. There are five 8 mm disc vibration
motors on each fingertip strapped using Velcro. The vibration
motor is inserted in an annular Peltier device on the index
fingertip to form vibro-thermal haptic feedback. A thermistor
is attached to the Peltier device as a feedback mechanism.
“Hot” and “cold” signals were assigned to VR objects that
activates the Peltier device. Moreover, five retractable ID
badge holders with a small solenoid stopper on each were
used as force feedback that restricts finger movement. A VR
application was developed using Unity, and a Leap Motion
Controller was used as a hand tracking device. Vibration
motors and solenoid stoppers were activated whenever the VR
hand finger touches a VR object. The prototype can be used in
extended realities such as VR, augmented reality, and mixed
reality to enhance our immersive experience.
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