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Abstract. A virtual button with tactile feedback is realized by use of ultrasonic
vibration with amplitude of a few micrometers. Button-like click feeling is dis-
played by recreating rapid change in reaction force arising from buckling of a
mechanical push button utilizing squeeze film effect. First, click feeling display
system was constructed based on the principle of perceiving click feeling when
pushing a mechanical button. In the system, stimulation are applied to the
operators at both buckling and restitution point. Then, by conducting several
sensory evaluation experiments, the optimum parameters of the ultrasonic
vibration was determined to display button-like click feeling. Finally, by con-
ducting usability test, it was verified that the usability of the virtual button was
equivalent to that of a mechanical button.

1 Introduction

With the diffusion of touchscreens, a number of attempts to display tactile informa-
tion on touchscreens have been conducted. Establishment of the method to display
click feeling to the touchscreen will lead to higher operation performance and de-
crease of unconscious incorrect input. As substitutes of tactile feedback, several
methods are proposed, including displaying visual or auditory information such as
screen effects and confirmation sound. However, it requires time and effort to recog-
nize the visual information displayed on the screen. Even worse, operator’s own
finger disturbs seeing the screen. Moreover, as confirmation sounds are heard by
people around, it is sometimes difficult to be used in public areas. Hence, displaying
tactile information is necessary as an operating feedback for touchscreens. Past stud-
ies of tactile feedback for touchscreens include Touch Engine having function to
vibrate the back side of the device [1] and Tactile Panel with function to display vi-
bration on its touchscreen [2]. These touchscreens can generate various vibrations to
operator’s finger touching the touchscreen. The former utilizes piezoceramic bending
motor and the latter utilizes conductivity type speaker as an actuator. Products having
the same function as Touch Engine are recently being released. These products have
minimum feedback performance. However, only simple monotonous vibration is used
as feedback. Moreover, high voltage was necessary to recreate button stroke of
approximately 100 um using vibration. Meanwhile, tactile display using ultrasonic
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vibration has been attracting attention for creating large stimulation with low vibra-
tion amplitude because of squeeze film effect. We have confirmed that button-like
click feeling can be displayed by applying ultrasonic vibration with appropriate am-
plitude and vibrating time in response to touch motion of an operator [5]. Hence, by
creating tactile feedback to touchscreens using ultrasonic vibration, realistic click
feeling can be displayed with amplitude of only a few micrometers.

In this study, we develop a virtual button with tactile feedback by utilizing ultra-
sonic vibration for displaying click feeling. In this study, click feeling is defined as
the tactile sensation perceived when pushing a mechanical button such as PC mouse.
By utilizing squeeze film effect due to ultrasonic vibration, we recreate buckling feel-
ing that arises when mechanical buttons are being pushed at a certain suppress
strength. Then, we verify the usability of the virtual button by conducting sensory
evaluation experiments.

2 Principle of Displaying Click Feeling

In this chapter, we explain about the method for displaying click feeling using ultra-
sonic vibration. First, in 3.1, we explain about principle and characteristics of a
mechanical push button. Then, in 3.2, we explain about the principle of perceiving
click feeling when applying ultrasonic vibration to human finger pad in response to
human touch motion.

2.1 Principle of Perceiving Click Feeling

Click feeling of a mechanical button is perceived when the dome structure of spring
component buckles and restitutes as shown in Figure 1 [3]. Figure 2 (a) is a reaction
force—stroke length (F-S) curve showing the relationship between reaction force and
stroke length changes occurred in normal direction when a mechanical button is
pushed or released vertically. In this study, F, and F, are defined as the force when
buckling starts while pushing and the force when rapid restitution starts while releas-
ing the button, respectively. As shown in Figure 2 (a), in the early stage of pushing
phase, force and stroke are positively correlated. As the pushing force reach F,
relationship between force and stroke turns to be negatively correlated.
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Buckling Rapid restitution

Fig. 1. Buckling and restitution of dome when pushing Button

Then, the relationship turns back to be positively correlated as the button is fully
pushed because the whole button is deformed. In the releasing phase, the F-S curve
follows the similar trajectory to that of pushing phase. When the pushing force comes
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Fig. 2. Image of F-S curve and time scale change of F-S characteristic of push button

Ultrasonic
vibrator

Fig. 3. Finger contact area of ultrasonic vibrator

down to F,, the restitution force arises upward. Figure 2 (b) shows the rough image of
time change in force and stroke of a general button pushing motion. As shown in
Figure 2 (b), force and stroke change rapidly at buckling and restitution point. It is
considered that click feeling is perceived due to the rapid change in force and stroke
[5]. We have confirmed that the difference of buckling force was well distinguished
whereas the difference in stroke length was difficult to be distinguished [4]. Hence,
buckling force is an important factor for displaying click feeling whereas stroke
length is not required to be recreated accurately.

2.2 Principle of Displaying Click Feeling Using Ultrasonic Vibration

In this study, click feeling is displayed by use of squeeze film effect. Squeeze film
effect is phenomenon that occurs when two objects having sufficient area compared
to the distance approach rapidly. When the fingertip is placed on a rapidly vibrating
plate, the squeeze film is generated by the overpressure between the epidermal ridges
[6]. It is known that coefficient of friction decreases due to squeeze film effect. In the
case of this study, the displaying area of ultrasonic vibrator is touched as shown in
Figure 3. In the proposed method, rapid change in force due to buckling of a
mechanical button is recreated by temporary decreasing the coefficient of friction
between operator’s finger pad and displaying area of the ultrasonic vibrator.
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Principle of perceiving click feeling is as follows: As shown in figure 3, it is as-
sumed that the direction of pushing force F is @in angle to normal direction when the
operator pushes the displaying area. Therefore, normal and tangential forces applied
by the operator to the vibrator are Fcos@and Fsind, respectively. Where coefficient of
static friction between finger pad and the vibrator surface is 4, friction force is
MFcos 6. Hence, finger slips when

,u<|tam9| (D

is satisfied tan@ in pushing action was measured to be between -0.1 and 0.1. When
finger slips, @increases because of fingertip movement, resulting in increase of the
right-hand value of (1). Therefore, resisting force tangential to human finger pad and
normal force decrease. As stated above, force tangential to human finger pad can be
decreased by changing coefficient of friction utilizing squeeze film effect. In this way,
the rapid change in force and stroke due to buckling of mechanical buttons can be
recreated.

3 Development of Virtual Button with Tactile Feedback

In this study, ultrasonic vibrator is used as the actuator for displaying click feeling.
Ultrasonic vibrator is an actuator that consists of metal elastic body and piezoelectric
device. It is characterized by high response, high generative force, minute amplitude
control and quietness. Numbers of studies displaying various texture using ultrasonic
vibration have been reported [7][8][9][10]. Figure 4 (a) shows the overall view of the
push button display system. As an ultrasonic vibrator, the Langevin-type ultrasonic
vibrator was used in the present study. Figure 4 (b) shows the detail of the vibrator.
Driving frequency is close to 28.2 kHz, which is the natural frequency of primary lon-
gitudinal vibration mode. In this case, the vibrator vibrates in the direction as shown in
Figure 4 (b) to create maximum amplitude of 20 um. As shown in Figure 4 (a), upper
side of the vibrator having flat metal surface is used as tactile displaying area.
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Therefore, the vibration is normal to human finger pad. In this case, squeeze film
effect occurs between finger and displaying area. Figure 5 shows relationship between
amplitude of ultrasonic vibration and coefficient of dynamic friction of the vibrator
surface obtained by tracing tactile displaying area of the vibrator with finger pad. The
coefficient of dynamic friction was calculated by measuring the tangential force when
tracing on the excited vibrator with approximately 1 N of normal force. As shown in
Figure 5, coefficient of dynamic friction of the vibrator surface is approximately 2.2
and it decreases to less than 0.5 when ultrasonic vibration with amplitude of 2.5 um is
excited. The displaying area measures 30 mm in width and 15 mm in depth. Operator
pushes the displaying area like pushing a real button. By measuring strain of metal
plates placed under the ultrasonic vibrator using strain gauge, normal force applied by
operator to the vibrator can be measured, as shown in Figure 4 (a). In addition, as
shown in Figure 4 (b), pick up sensor is placed in the vibrator. Voltage of sensor
output is proportional to the vibration amplitude. Hence, monitoring and control of
vibration amplitude is available by use of the sensor output. In this system, intended
vibration amplitude can be obtained in spite of an operator’s suppress strength by the
control system built using FPGA (Field Programmable Gate Array) [11]. It is con-
firmed that vibration amplitude can be controlled with an uncertainty of 1 % using the
system when load is under 10 N.
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Fig. 6. Flow of the push button display system

One of the characteristics of our system is that operator’s pushing force is used as
the trigger for starting vibration. In most of the past studies of click feeling display
[1][2], tactile feedbacks were displayed after configured time delay from touching the
screen. The problem of this control method is that it has no robustness against various
applications of buttons or characteristics of the operators because the same feedbacks
are displayed in spite of various pushing motion. Moreover, it is difficult to display
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click feeling perceived when releasing a button using this control method because the
stimulation was applied according to the configured time delay. In our system, we
display more button-like click feeling compared to the past studies by displaying both
pushing and releasing feeling of click utilizing the operator’s pushing force informa-
tion measured in real-time. Figure 6 shows the flow of the click feeling display
system. In the system, ultrasonic vibration whose amplitude and vibrating time are
configured in advance is excited when pushing force measured in real-time reaches
the buckling load and restitution load, respectively. First, output obtained by strain
gauge is converted to force in PC with control cycle of 1 KHz. When measured force
reaches to predefined value, AC voltage with frequency of 28.2 kHz is applied to the
vibrator via FPGA, oscillator and amplifier. Amplitude of ultrasonic vibration
decayed by the operator’s suppress strength measured by pick up sensor is fed back to
FPGA and compensated to be intended amplitude. The response velocity of ultrasonic
vibrator to excite intended vibration amplitude after activating signal is approximately
0.6 mm/s. Vibration amplitude, time and trigger force of both buckling and restitution
can be set independently.

4 Verification

4.1 Survey of Parameter Value for Displaying Click Feeling

A simple sensory evaluation experiment was conducted to survey the appropriate
value of vibration parameters for displaying click feeling. The task for examinees
were to evaluate existence or non-existence of click feeling displayed using the con-
structed system on a 5-point scale, from 1 (do not perceive click feeling at all) to 5
(clearly perceive click feeling), when vibration amplitude, time and buckling load F),
of the system were changed, respectively. The averages of each evaluation value were
calculated. Examinees were six males in their twenties. Sin curve with frequency of
28.2 kHz was utilized as the waveform of the vibration. Vibration amplitude and time
of release click feeling were set to the same value as those of push click feeling. Res-
titution load F, was set to 0.1 N less than buckling load F},. Parameters not surveyed,
for example vibration time and trigger force when surveying vibration amplitude,
were set to intermediate value of surveying range of each parameter.
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Figure 7 (a), (b) and (c) show the results of the experiments to survey vibration
amplitude, time and trigger force, respectively. As shown in Figure 7, click feeling
was perceived when vibration amplitude was between 4 and 6 um. Click feeling be-
came more similar to real buttons when vibration time was between 50 and 100 ms
and trigger force was between 0.5 and 2.0 N, respectively, compared to other values.
Hence, click feeling more similar to real buttons can be displayed by combining the
largest evaluated values of each parameter.

4.2 Usability Test

Experiment was conducted to verify the usability of the virtual button with tactile
feedback. Examinees were asked to push two types of virtual button, with tactile
feedback and without tactile feedback, 30 times, respectively. Each time examinees
pushed the button normally, number shown in console increased so that examinees
could count the number of pushes. Changes of pushing force of each examinee were
measured throughout each test. The changes of values were compared to those meas-
ured when pushing a real mechanical button at the same experimental condition.
Amplitude and vibrating time of ultrasonic vibration were set 4.7 um and 20 ms, re-
spectively, based on the result of previous section. Buckling and restitution load of the
virtual button were set 1.3 N and 0.8 N, respectively, to coordinate with the mechani-
cal button used for comparison. The task was conducted in two different conditions
for each button. First, examinees were asked to push each button at a speed of two
times per second, and second, four times per second. Examinees had at most 1 minute
to practice pushing the button with correct rhythm before each task using metronome.
Buttons were pushed with the most suitable way for each examinee. Examinees were
ten males and females in their twenties, visual and auditory information masked. Con-
sidering difference between learning level, the tasks were conducted in different order
among the examinees.
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Fig. 9. Average of pushing force

Figure 9 shows an example of the change in pushing force of an examinee. One
push was defined as the period between the point when pushing force exceeds the
buckling load 1.3 N and fall below restitution load 0.8 N, as shown in Figure 9. Aver-
ages of twenty peak-to-peak values of the change in pushing force, from fifth to
twenty-fifth push, were evaluated. Figure 10 shows the averages and standard devia-
tions of the peak-to-peak values of the change in pushing force. From Figure 10, we
can say that examinees applied larger force in virtual button without tactile feedback
compared to other two buttons. By conducting one sided test, it was found that the
difference of the averages between virtual button with tactile feedback and without
tactile feedback was significant, whereas the difference of the averages between vir-
tual button with tactile feedback and the real mechanical button was not significant, in
95% confidence interval. Moreover, by conducting interview, all examinees said that
pushing the virtual button with tactile feedback was as easy as pushing the mechanical
button. Hence, we can conclude that the virtual button with tactile feedback using
ultrasonic vibration has similar usability as a real mechanical button.

5 Conclusion

We developed a virtual button with click feeling similar to real buttons by use of
ultrasonic vibration with amplitude of a few micrometers. First, we constructed click
feeling display system based on the principle of perceiving click feeling when push-
ing a mechanical button. The rapid change in force arising from buckling and restitu-
tion of mechanical buttons was recreated by utilizing decrease in friction due to
squeeze film effect. In addition, by measuring operator’s pushing force and utilizing it
as the trigger for starting vibration, we enabled to display click feeling for both push-
ing and releasing. Then, simple sensory evaluation experiments were conducted to
determine the appropriate value of vibration parameters for displaying click feeling.
Finally, usability of the virtual button was verified. As a result, the usability of the
virtual button was nearly equivalent to that of a real button. Precise examination for
optimization of parameters and imitation of buttons is the challenge for the future.
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