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Niceclick: A New Frontier for Haptic Technologies Ao

Elvio Bonisoli, Luca Dimauro, Simone Venturini, Salvatore Paolo Cavallaro, and Flavio Cerruti

Abstract The use of touch screens and displays is quickly increasing in the automotive industry, especially for supercars.
Touchscreen commands are affected by the problem of feedback to drivers, i.e. the driver cannot look at the touch display;
indeed, he needs to understand if the required command is received from the car. Haptic surfaces represent the solution to this
problem; hence, touch screens with embedded actuators are suitable to switch from mechanical vibrations to human feeling.
This paper focuses on an innovative electromechanical device called Niceclick. It is a compact and powerful actuator able to
modulate the haptic surface vibrations. After an overview of the tactile perception, measurement systems, human sensibility
to vibrations, and psychophysical compliance are analysed to define the parameters of an ideal actuator suitable to create
some specific signals, the related frequency bandwidth, and the associate energy profile. The tailored tool, appropriate to get
these goals, is described, modelled, and experimentally tested coupled to the fundamental co-system where it is applied. A
comparison between rigid and deformative coupled structures is considered to define performance and aims.

Keywords Electromechanical device - Haptic feedback - Tactile perception - Human body vibration frequency -
Sensibility

19.1 Introduction

The increment in the number and complexity of command and settings on vehicles led the automotive OEMs to find suitable
solutions and technologies [1, 2]. Perhaps, the massive use of touch screens in all everyday devices, particularly in the main
interface in vehicles cab, represents a critical issue about the driver safety. In fact, the actuation of a virtual switch on a touch
screen does not give any feedback to the driver, which must visually check the correctness of the desired command, diverting
the attention from the road. Instead, when a driver interacts with an analogical switch, he receives both tactile and audible
feedbacks. The differences in the two sensations are not negligible, and the tactile stimulus is the main feedback.

The human machine interfaces (HMIs) were deeply investigated in the last decade to combine a pleasant driver perception
and the desired innovative design aspects [3, 4]. The evolution of automotive HMIs is strictly related to the human tactile
perception [3, 5], specifically in haptic surfaces [6]. The haptic surface is a complex interface that includes one or more
actuators producing a tactile response [7]. In the state of the art, several attempts have been done in finding a reliable and
effective technology for this application, from electrostatic to ultrasonic actuation [6], employing varied system dynamics
[8].

The driver population is wide and varied; hence, the preferred vehicle interface style is subjective, due to the different
sensitivity to tactile stimuli. Therefore, the interfaces are commonly designed by analysing the typical user characteristics
and calibrating button pression feedback on statistical information. Nevertheless, user feedbacks are not objectified in the
design process. Using simple devices, researchers are trying to deceive the human perception, creating fictitious sensations.

In this scenario, this paper focuses on an innovative haptic device called Niceclick, a compact and powerful actuator
able to modulate the haptic surface vibrations. The device is calibrated on objectified parameters to generate some specific
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feedback patterns with the associate energy profile. A tailored tool called tactilometer has been developed to experimentally
characterise tactile perception and to orient design choices in Niceclick development.

The paper is organised as follows: in Sect. 19.2, the state of the art on human tactile perception is presented before
introducing the innovative Niceclick device in Sect. 19.3, which is proposed with the application of tactilometer. After that,
results of experimental test are presented from both static and dynamic point of views in Sect. 19.4 to describe Niceclick
dynamic behaviour. Finally, in Sect. 19.5, remarks about the performed activity and considerations on future developments
are depicted.

19.2 State of the Art on Tactile Perception

The human tactile perception is allowed by tactile receptors in human fingertips. The tactile receptors are usually modelled
as a four degrees of freedom (DoF) system [9] in which each DoF corresponds to a different fibre-type mechano-receptor
sensitive to a defined frequency range. These different corpuscles, described in Table 19.1, are subdivided into slowly
adapting (SA) and rapidly adapting (RA) receptors.

The differences in frequency sensitivity of the four corpuscles make the human threshold to vibrations perception
frequency dependent, as shown in Fig. 19.1. Moreover, the receptor distribution in the skin determines a dependence on
the contact area [11]. The contact area has a double effect on the vibration perception due to the spatial distribution of
receptors: if the contact area is up to a 0.1 cm?, the vibration perception is linearly dependent on the contact, because an
increasing number of receptors is involved; for larger contact areas, the probability to involve the low-threshold receptors
increases and experienced threshold becomes lower [9].

The perception of a vibrational signal can be even masked by the presence of other vibrations. This mechanism has been
experienced recording the perception threshold of a test signal on the index fingertip while a masking signal was exerted
on the thenar eminence [12]. A relevant masking effect is observed within the RA-II Pacinian corpuscle and only if both
the test and the masking signals activate this type of receptors. An enhancement effect is present too. A signal produces
an enhancement in the perception of another signal, belonging to the same frequency range and thus activating the same
receptors, if they are separated by a time interval up to 500 ms. Any interaction between different receptors type has not been
noticed. As the same, adaptation occurs when a conditioning signal is present in the same frequency range of the test signal.

Table 19.1 Human finger tactile receptors [10]

Corpuscle Channel Frequency range [Hz] Peak sensitivity [Hz]
SA-I Merkel receptor NP III 0.4+-30 20-+30
SA-II Ruffini corpuscle NP II 20500 200--400
RA-I Meissner corpuscle NP I 1300 3050
RA-II Pacinian corpuscle P 5--1000 200--300
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Fig. 19.1 Average threshold, function of stimulus frequency [9, 10]
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Fig. 19.2 Effect of ageing on sensitivity threshold [10]

Again, the effect is present only within the receptor family [12]. Considering the application of a vibrating haptic surface on
a vehicle, the environmental vibration presence must be analysed.

Finally, the tactile perception is affected by subjective characteristics: the age is the most important one, as shown in
Fig. 19.2. Experimental tests [10] have shown that the perception thresholds generally increase with the age and even more
drastically over 65 years and mostly for RA-II Pacinian channel activating frequencies (above 100 Hz).

Moreover, females have been noticed to generally have a better sensitivity than males. The perception subjectivity enforces
the need of a tunable interface. Besides, the same subjectivity brings out the absence of a reliable system for measuring and
objectively describing the human tactile perception.

Another tactile aspect that has been investigated is the sense of compliance. This kind of perception is due to SA receptors.
Experimental tests demonstrated that the passive perception of objects compliance is referred to the skin deformation sensed
by SA-I laying in the sides of the finger pad [13] (in literature, it is referred as “lateral force”). Another important cue is the
variation in contact area that clearly identifies a soft surface. Concerning the influence of active pressing, kinaesthetic force
does not determine the perception, but can influence it increasing the sense of hardness. This effect is due to the mechanical
properties of the fingertip that shows a nonlinear compliance [14]. The perception is function of both finger and object
compliances and activated by cutaneous (90%) and kinaesthetic (10%) cues. Analysing the two channels, it came out that
in case they are in conflict, an intermediate perception is experienced [15]. This statement opens the possibility to give a
displacement illusion of a rigid surface through the stimulation of cutaneous receptors [16] When a surface is deformed by
a finger touch, the sensation experienced is due to the friction forces exchanged by skin and surface: this can be effectively
reproduced by a vibration that varies with the force exerted, in order to actively feedback a properly tuned reaction simulating
hardness or softness. Even if the best and most realistic way to reproduce a sense of compliance is through both kinaesthetic
and cutaneous cues [17], haptic devices showed how a tactile stimulus very close to one of real button can be reproduced by
a finely tuned vibration.

19.3 Niceclick Device

The Niceclick is a device that recalls an energy harvesting [18-20] in its structure. The Niceclick has been developed by
Trama Engineering, in order to get a wide vibrational tuning range, related to the different excitation conditions. It is a linear
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Fig. 19.3 Niceclick in details

actuator, driven by a specific software, that is able to generate a finely tuned vibrating motion as response of an external force
input. The three views in Fig. 19.3 show the device in detail; its components are listed below:

. Metallic body

. Coil and plastic body

. Upper and lower elastic elements
. Omega pad

. Preload screw

[ S OSI SR

When a current is provided to the coil by a specific driver, the metallic body attracts the omega pad towards itself,
compressing the lower elastic element. When no current is applied, the spring pushes upwards the pad: the system, having
a single degree of freedom, starts to oscillate at a frequency which is function of the spring elastic coefficient and the mass
of the pad. Thanks to the high frequency of current control that the interface allows, the user can generate a completely
customised vibration, within a reasonable range of frequency, given by the system dynamics.

As a source, one or more Niceclick can excite a surface, even with a complex geometry, and generate precise and defined
sensations on a human finger by working coordinately, although each Niceclick has an independent vibrational behaviour.
The different but coordinated Niceclick responses are guaranteed by the innovative device feature that allows to perceive the
amount of force acting on the surface and to tune, through the software, their respective vibrational output contributions that
together create a properly tuned tactile stimulus, as shown in Fig. 19.4. Furthermore, the control interface allows to set the
duration of the semi-period of the push and release phases simulated by vibrational outputs that can be properly tuned by a
customisable signal as reported in Fig. 19.5.

As previously mentioned, the two features described above, working together, are fundamental to create a wide range of
customisable tactile perceptions, moreover with applications that involve the use of more than just one Niceclick, making
this innovative device a new interesting haptic tool.

The next chapter will focus on a higher application of this device, the definition of a standard measurement for vibrational
stimuli sensed by a human finger.
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19.3.1 The Tactilometer
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The Tactilometer is a mechanical measuring system, composed by an aluminium supporting structure, a Niceclick, and a
pivoting aluminium plate; Fig. 19.6 reports three views of the prototype.

A programmable electronic circuit provides the current to the Niceclick. It is set up to produce two kinds of signal: a
continuous vibration and a short actuation, repeated every second. The two are then divided into two level of intensity: the
barely sensible and the most pleasant (as suggested by the results of an internal statistical investigation). As can be noticed,
on the plate there is a scale, reporting the value of acceleration, expressed in [g], that is sensible in a certain point when the

standard signal is sent.
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Fig. 19.6 Tactilometer device

19.4 Experimental Tests

The Tactilometer has been used as a test rig for analysing the Niceclick static and dynamic behaviours. Two theoretically
identical devices provided by the producer, named “Niceclick 1~ and “Niceclick 2”, have been tested. For measuring the
plate vertical accelerations and displacements, we used a Siemens SCADAS Mobile, three Keyence lasers, and a monoaxial
PCB accelerometer. Figure 19.7 reports a setup photograph.

Figure 19.8 displays in detail the three measured points. The accelerometer was placed exactly on the Niceclick projection
on the plate upper surface, named “P”. The three lasers were used for measuring the displacements of three points: one for the
accelerometer upper surface (as the Niceclick vertical motion), one for the barycentre projection on the plate upper surface,
“G”, and one for a point out of the plane xz, “Q”, at the same distance from the hinge as the barycentre.

19.4.1 Static Analysis

The Niceclick static properties have been tested by indirectly measuring the device vertical deformation when a known load
was applied in the point “A”, shown in Fig. 19.8, positioned in the median point between “G” and “P”.

A set of masses, ranging from 10 to 200 gr and shown in Fig. 19.9, was used for the test. The setup allowed to place on
point “A” from 10 to 140 gr with fix steps of 10 gr, then 200 gr, as reported by Table 19.2. The load on the Niceclick was
composed by the aluminium plate, the omega pad with the two screws connecting it to the plate and the additional load. The
elastic element also sustains its weight force. The omega pad mass has been evaluated equal to 2.76 gr, while the two screws
can be reasonably assumed to be 1.5 gr together. The mg column includes screws and omega pad. The equivalent load on
the Niceclick has been evaluated for every configuration considering the system geometry. Being point “A” in the middle of
the distance between “P” and “G”, each configuration has the following load distribution on the Niceclick:

1 3
FNiceclick = (implate T 1™oad T msz) g (19.1)

The sum of force constraints balances the mass weight force, corresponding to:

Fhinge t FNiceclick = <mplate +ma+ mload) 8 (19.2)
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Fig. 19.7 Experimental setup
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Fig. 19.9 Set of masses for the static loading conditions

Three measures were performed for each configuration, following two up-down cycles. The results for Niceclick 1 are
reported only. In Fig. 19.10, the Force-Displacement curves at point “P” are shown.
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Table 19.2 Loads evaluation

Configuration Mplate [er] mg [gr] Mioad [gr] Fhinge [N] Ficeclick [N]
1 550 4.26 10 2.72 2.81
2 550 4.26 20 2.75 2.89
3 550 4.26 30 2.77 2.96
4 550 4.26 40 2.80 3.03
5 550 4.26 50 2.82 3.11
6 550 4.26 60 2.84 3.18
7 550 4.26 70 2.87 3.25
8 550 4.26 80 2.89 3.33
9 550 4.26 90 2.92 3.40
10 550 4.26 100 2.94 3.48
11 550 4.26 110 2.97 3.55
12 550 4.26 120 2.99 3.62
13 550 4.26 130 3.02 3.70
14 550 4.26 140 3.04 3.77
15 550 4.26 200 3.19 4.21
4.4

0 0.005 0.01 0.015 0.02 0.025
Displacement [mm]

Fig. 19.10 Displacement curves at point “P”

Two interpolation techniques were adopted for trying to describe the elastic properties, a linear and a cubic one,
respectively resumed by the following equations:

Finterp = ko + k1x (19.3)
Finterp = ko + kix + kox® + ksx® (19.4)

The error was evaluated as well, defined as the mean of the square difference between the experimental and the interpolated
values:

n

1 2
2
Eps® = n E 1: (FGXP,/‘ - interp,j) (19.5)
]:

The two function coefficients are reported in Tables 19.3 and 19.4; the plots of interpolated values are shown in Fig. 19.11,
for linear (left) and cubic (right) interpolation, respectively.

Considering the results, the elastic element stiffness can be roughly considered linear; however, the more precise
description provided by the cubic interpolation highlights a hardening behaviour, visible in the right part of the plots. This
characteristic is probably due to the element deformation.
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Table 19.4 Cubic interpolation coefficients and errors

ko [N] ki [N/m] ky [N/m?] k3 [N/m?] Eps? [N?]
Up 2 2.767 65.57 103 —4.992 108 1.82510'3 7.218 107
Down 2 2.775 70.36 103 —9.747 108 2914 1013 7.870 107
Up&Down 2 2.770 67.83 103 —7.133 108 2.293 103 2.408 107
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Fig. 19.11 Linear (left) and cubic (right) interpolation

19.4.2 Dynamic Analysis

An impact test was performed for evaluating the system dynamic properties. Because of the complex measuring setup, the
only available point on the plate surface was “A”; for reference, see Fig. 19.8. A PCB instrumented hammer was used,
together with the three lasers and the monoaxial accelerometer, positioned as described above. Several measurements were
performed for each Niceclick, but only the Niceclick 1 results are reported.

Figure 19.12 shows an analytical representation of the system, with the free body diagram of the plate. The dynamic
behaviour is expressed by (19.6), where I is the plate moment of inertia referred to the hinge, & is the Niceclick stiffness,
! = 80 mm is the distance between the points “O”, and “P” and ¥ is the plate rotational angle (considered very small) around
the hinge axis.

The value of Ip was obtained by the following equation:

LR o2 -3 2
Io = EmL +mOG™ =1.36-10"" kg x m (19.6)
where L = 100 mm is the plate length, m = 550 gr is the plate mass, and OG = 40 mm is the distance between the barycentre
and the rotational axis.
The resonance frequency of the system can be evaluated by the following equation:

1 [ki?

f= > G 19.7)

Considering as a reliable value of stiffness the Up&Down k; coefficient from Table 19.4, the system resonance frequency
results:
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The data from the impact test were analysed and the inertance FRF (evaluated in point “P”) of Fig. 19.13 was obtained.
The system resonance, that is represented in the plot by the highest peak, occurs at a frequency of 88.80 Hz, a value very
close to the one in (19.8), calculated from the interpolation coefficient of the static test results.

Finally, the Niceclick dynamic analysis confirmed that the device specifics are perfectly suitable for the haptic applications
since his reactiveness and dynamic response cover a very wide accelerometer range that goes beyond the human tactile
perception frequency spectrum whose peak is around 250 Hz.

Fig. 19.13 Inertance FRF

19.5 Niceclick Applications in Haptic Interfaces and Conclusions

The Niceclick is a very powerful haptic device in HMI application. For example, the most used interface on a vehicle
is the steering wheel set of buttons, that includes, in certain cases, not only the infotainment system but even lights and
screen wipers switches and the gearshift paddles [21]. Therefore, the simple, rectangular shapes are quite an exception. In
the paper, the developed tools for developing the feedback patterns are depicted, showing the versatility of the device in
different applications. An ad hoc measuring tool is developed to characterise the static and dynamic behaviour of the system.
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The characterisation was performed on stiffness of the system showing a linear behaviour for extremely large displacement
range, making the Niceclick quite interesting in automotive field. Moreover, it is objectified the state-of-the-art sensation
evaluation through calculation of tactilometer natural frequency, which demonstrates the Niceclick suitability for industrial
applications.

In the future, it will be studied the effect of the device inside a complex mechanical system, such as a steering wheel
haptic interface, to evaluate the prototype performance and to define a methodology for optimal haptic device placement.

Acknowledgements Authors fully acknowledge Dr. Flavio Cerruti, CEO of Trama S.r.1., for all the suggestions, experience, deep knowledge, and
enthusiasm in driving the project.
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