Pin Array Tactile Display Being Able to
Express Ultra—Structure Depending on Its Position.
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1 INTRODUCTION

In recent years, the study about human computer interface using
Virtual Reality and Argumented Realty have been studied more
and morell, Especially, Haptic interface to manipulate virtual
object easily has been developed. Falcon and PHANToOM mainly
used as Haptic Interface. When a user touches virtual object with
pen type interface on PHANTOM and the user can feel the haptic
feedback from virtual object. Haptic interface is attractive be-
cause it has been applied for simulation in surgeonst? and robot
remote controll,

Tactile display is a kind of haptic interface. Especially tactile dis-
play is a device to provide the sense of touch. For example, we

can perceive the sensation of the texture when we trace the object.

Tactile display provides the sensation of texture in various ma-
terials. In conventional study, some types of conventional tactile
displays have been developed. For example, there are electronic
display and vibrotactile display showed by Fig.1. Pin tactile dis-
play is also tactile display and provides the sense of touch by
shaped pins. The electronic display stimulates electronic stimu-
lation to the receptors in a finger. When we are touching texture
on the object, we have a friction vibration. TECHTILE toolkit
provides vibratory stimulation that is pretend to a friction vibra-
tion. These tactile displays are compact size and easy to embed
in tactile contents. However, compared to these, recent study
concluded that pin tactile display is the easiest to provide sensa-
tion of edgy texturel®l. Therefore, to recognize ultra-structure on
the surface, the pin tactile display is proper to use. In decade
years, many type of pin tactile display has been developed. A
basic consideration for design of tactile display have been con-
ducted. In the study for tactile shape recognition, Nakatani et al
created pin tactile device model and conducted experiment. They
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concluded that pin pitch in 0 mm is adaptive for tactile shape
recognitionll. Actually, we percept ultra-structure on the surface
with moving finger. Therefore, we can percept better ultra-struc-
ture on the surface using by the pin tactile display with providing
sense of touch actively based on finger position. We would like
to recognize the sense of touching ultra-structure using by the
pin tactile display with active feedback based on finger position
and pin pitch Omm. However there is no such a pin tactile display
because of difficulty to design and motor limitation.

In this study, we develop the pin tactile display to provide the
sense of touching ultra-structure actively based on tracking a
motion of finger position. We implement pin array display with
0 mm distance between pins.

2  Our Approach
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Fig2: Proposed tactile display

Fig.2 shows proposed tactile display. The tactile display has 25
pins with a diameter of 1[mm]. As shown Fig.2-(a), pins are ar-
ranged 5x5 matrix array without space between pins. When the
height of each pins is actuated, the pin tactile display shows tex-
ture pattern showed by Fig.2-(b). User touches this texture pat-
tern with a finger pad and user recognize tactile feedback. The
proposed tactile display tracks the index finger position and
shows different texture pattern according to index finger position.
In this way, users can feel tactile feedback from the tactile dis-
play controlled in real-time.

3 Hardware

Fig.3 shows our developed pin tactile display. Our developed pin
tactile display has handle to move and optical mouse to detect
the position. Fig.4 shows hardware configuration of the tactile
display. In the hardware configuration, there are tactile display
and control circuit. The control circuit consists of Arduino UNO,
ATmega328 microcomputers, motor driver (7NVC771D,
TOSHBA) and Optical mouse. Optical mouse (M-



K6P2RWH/RS, ELECOM) obtains the tactile display position.
Linear actuate motors (PFCL25-484D, NPM) actuate 25 pins.
Arduino UNO receives texture pattern information from PC and
send information to each ATmega328. ATmega328 and motor
diver control linear motors. In inside of tactile display, each lin-
ear motor is connected to each joint and each joint is connected
to each pin. When each motor is actuated, connected each pin is
actuated.
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4 System Configuration
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Fig6: Flowchart

Fig.5 shows system configuration. The system has the tactile dis-
play and PC. A user trace the texture on object with the tactile
display using a finger of a hand. User put on the index finger on
the pin array. User grip the tactile display using another hand and
move. The right index position is showed by red pointer on VR
space.

4.1 System Flow

System flowchart is shown in Figure.6. Following is the detail
explanation of each processing.

(1) Initialization

The pin tactile display calibrate each pin height with pressure
sensor. We define this pin position as default position.

(2) Draw the object

The display draw and show the texture of the object with open
library source, OpenGL.

(3) Obtain the finger index position

The center position of the pin tactile display is the same with the

finger index position. By using the optical mouse, we obtain the
position of tactile display. Arduino sends the finger position to
the PC and PC draws the CG graphic.

(4) Calculate control amount

Arduino calculates each pin height by using position of tactile
display obtained in process (3). Arduino controls the height of
each pin.

5 Experiment

5.1 Evaluation experiment
We conducted evaluate experiment. In the evaluate experiment,
5 subjects of this experience used pin tactile display and touched
the edgy object in VR. They evaluate following items.

+ When you put the index finger on the object, you could feel
touching edgy surface.

+ When you traced the index finger, you could feel the edgy sur-
face.

+ User did not feel a sense of discomfort with CG graphic on
display and motion of tactile display.
They evaluated with evaluate value in 5 scales.(5: Strongly agree,
4: Agree, 3: Neutral, 2: Disagree, 1: Strongly disagree)
5.2 Results

Table 1: Results

Question | The average |The standard
Number |of evaluation| variation
Q1 4.6 0.49
Q2 4.2 0.75
Q3 3.2 1.17

The table 1 shows results of the evaluation experiment. From Q2,
when the user moves the index finger, the pin tactile display pro-
vide the sense of touch. Pin tactile display can provide ultra-
structure actively base on motion of index finger. We confirmed
the discomfort between PC drawing and processing.

6 Conclusion

In this paper, we propose and developed a novel tactile display.
We conducted the basic evaluate experiment and confirmed the
basic performance of the pin tactile display. We conclude that
our pin tactile display tracks motion of index finger and provides
the sense of touching ultra-structure actively base on motion of
index finger. In the future, we have to develop another type of
pin spaced pin array and conduct experiment to compare actually
perception tactile characteristic.
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