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ABSTRACT
Recently, several researches of haptic devices have
been conducted. Haptic devices provide users with
sense of touching virtual objects such as Computer
Graphics (CG) by force feedback. Since they provide
force feedback from a single point on an object surface
where users touched, users touch it by point contact.
However, they cannot provide a sense such as humans
touching an object with a finger pad because humans
do not touch by point contact but surface contact. We
focused on this characteristic and developed surface
contact haptic device. To touch a CG object in surface
contact, we use a plane interface. It provides force
feedback to the normal direction by being approximated to tangent plane on a CG object surface where
users touched and the sense of grabbing it. In the evaluation experiments, twelve users evaluated this haptic
device. From results, we see that users could feel sense
of touching in surface contact and grabbing a CG object.
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1 INTRODUCTION
In recent years, researches of human interface using Augmented Reality (AR) have been conducted [1]. AR is new technology which can overlay the information or computer generated virtual
object such as Computer Graphics (CG) into real
world [2]. With the advances in AR interface
technology, haptic devices have been developed
and attracting attentions of researchers. Haptic devices provide users with sense of touching a CG
object by processing force feedback. Therefore,
haptic devices are expected to be used in applications such as a virtual surgery system [3], a virtual
experience system [4] or a remote control of robots [5].

Examples of conventional haptic devices include
Falcon [6], PHANToM [7] and Dexmo [8]. Falcon and PHANToM are classified into a grounded
type. This type can provide accurate force feedback because its fulcrum is fixed on the table. The
operating range of a grounded type is limited.
Dexmo is classified into a finger-mounted type.
Users can feel sense of grabbing CG objects easily by using this type. In addition, the operating
range of a finger-mounted type is not limited.
These haptic devices have been developed as a
point contact haptic device. A point contact type
haptic device provides force feedback from a single point on a CG object surface where users
touched. In case of perception of an object shape,
humans perceive an object shape from force feedback to the normal direction on touching area [9].
However, in point contact, it is difficult to perceive an object shape because the direction of
force feedback changes according to a finger direction as shown in Figure 1. To perceive CG object shape in point contact, users must trace the
surface. To perceive force feedback to the normal
direction, users must be provided force feedback
from a tangent plane on touching area (surface
contact) as shown in Figure 2.

Figure 1. Point contact

Figure 2. Surface contact
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We focused on this characteristic and have developed a finger mounted type haptic device using
surface contact [10] that is shown in Figure 3.
This haptic device has a plane interface having
four movable points. Figure 4 shows the outline
of this haptic device. Four movable points of the
plane interface operate up and down separately. In
the initial state, the user is not touching a CG object. In the operating state, the user is touching a
CG object. The plane interface provides a finger
pad with force feedback to the normal direction
by four movable points operating up and down
and being approximated to tangent plane on the
CG object surface where a finger pad touched.
Thus, users can perceive the shape without tracing
surface.

2 PROPOSED SYSTEM
2.1 Hardware Construction
Figure 5 shows the hardware construction of the
proposed haptic device. This haptic device is
glove type to grab a CG object and composed of
Arduino Uno, two servo motors, acceleration sensor that are shown in Figure 6, 7 and 8, respectively, four springs and a plane interface for each
finger. Figure 9 shows the appearance of the proposed haptic device. We developed it by using 3D
printer.

Figure 5. Hardware construction

Figure 3. The developed finger-mounted haptic device

Figure 6. Arduino

Figure 4. Outline of the developed haptic device

In this paper, we propose an improvement of this
haptic device. This haptic device uses AR marker
to detect a finger position and posture. However,
if a part of the AR marker is hidden, a finger position and posture are not detected. In addition,
there is the case that the plane interface cannot
provide accurate slope. Therefore, we redesign
controlling a plane interface mechanism to provide accurate plane interface slope and propose a
novel finger-mounted haptic device using a
method of detecting a finger position and posture
without AR marker.

Figure 7. Servo motor

Figure 8. Acceleration sensor

Figure 9. Appearance of the proposed haptic device
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Two servo motors are mounted back of the hand
as shown in Figure 10. We developed wire winding mechanism using pulleys to provide accurate
a plane interface slope. A pulley is connected to
two movable points of plane interface with wires.
Arduino Uno is connected to each servo motor
and controls them to operate each pulley. These
pulleys pull up and down each movable point. A
plane interface is controlled and provides a finger
pad with a slope. Each spring adheres to each
movable point as shown in Figure 11.

Figure 10. Back of the proposed haptic device

Figure 13. Creative Senz3D

2.3 System Flowchart
Figure 14 shows the system flowchart. This system draws a CG object on the desk and calculates
a finger position. When a finger is close to a CG
object, this system calculates a tangent plane
slope angles on the surface which the finger is
close to. By using tangent plane slope angles and
finger slope angles, this system calculates motor
rotation angles and send these angles to Arduino
Uno by serial communication. Arduino Uno controls motors. A plane interface is controlled and
provide a finger pad with force feedback. Users
feel touching a CG object. The followings are the
explanation of the processing in this system.

Figure 11. Fingertip part

2.2 System Overview
In this system, users touch a CG object in the display with the proposed haptic device and feel
force feedback. Figure 12 shows system overview.
We use PC, display, Creative Senz3D and the proposed haptic device. Users wear the proposed
haptic device and touch a CG object. Figure 13
shows Creative Senz3D. Creative Senz3D is
RGB-D camera whose range of depth sensor is
0.15~1[m]. We use it to draw CG objects and to
detect 3-dementional finger position from it.
3

Figure 12. System overview

Figure 14. Flowchart
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In the calibration of the haptic device, Arduino
Uno controls motors to make a plane interface initial position. In this time, a finger pad is not
touching a plane interface.
In the drawing AR object, this system draws a CG
object on the desk. To draw a CG object, this system detects a plane by using depth information
from Senz3D. Figure 15 is the image including a
plane (desk). Users set a point as an origin on the
plane using mouse cursor. This system sets other
two points on the plane and calculates vectors
𝑨 𝐴# , 𝐴% , 𝐴& and 𝑩 𝐵# , 𝐵% , 𝐵& from a set point
to other points. By using these vectors, this system calculates the normal vector 𝑵 𝑁# , 𝑁% , 𝑁&
from outer product
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where 𝑝# , 𝑝% and 𝑝& are coordinates of a set point
from Senz3D. This system draws CG objects
(Sphere or Sin-Cos curve) on the coordinate system whose origin is a set point as shown in Fig.
16 and 17 by using this transformation matrix R
and OpenGL.

(1)

Figure 16. Sphere CG object

Figure 15. The image including a plane

Next, this system calculates a transformation matrix to convert the coordinates system whose
origin is a set point to Senz3D coordinates system.
By using the z-axis direction vector of Senz3D
𝑺 0, 0, 1 and the normal vector N, this system
calculates a rotation angle 𝜃 and a rotation axis
𝒏 𝑛# , 𝑛% , 𝑛& from inner product and outer product

𝜃 = cos 89

𝑺∙𝑵

𝑺 ;

,

𝑛#
𝒏 = 𝑺×𝑵 = 𝑛% .
𝑛&

(2)

(3)

By using 𝜃 and n, this system calculates quaternion q and a transformation matrix R

Figure 17. Sin-Cos curve CG object

In the detecting a finger position, this system uses
a color information on the image. We make the
fingertip a specific color as shown in Figure 18.
This system extracts a specific color area and calculates three-dimensional coordinates 𝑆# , 𝑆% , 𝑆&
of the extraction region from Senz3D. By using
this coordinates and R, this system calculates a
finger position F 𝐹# , 𝐹% , 𝐹& from a set point
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𝐹%
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(6)
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contact point and other two points on a CG object
surface, this system calculates the normal vector

𝑁#
𝑵 = 𝑨×𝑩 = 𝑁%
𝑁&
Figure 18. Extraction color information

In the detecting a finger posture, this system calculates 𝐹S that denotes the roll angle and 𝐹T that
denotes the pitch angle of each finger by using acceleration sensor. Figure 19 shows vectors A, B
and C that are gravity accelerations of X, Y and Zaxis respectively. From these vectors, this system
calculates
𝐹S = tan89

𝐹T = tan89
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Figure 20. Calculation of the normal vector
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Figure 19. Detecting a finger position

In the judgement of contact, this system calculates
z-coordinate on a CG object surface. The following is equation of Sphere and Sin-Cos curve.
𝑥L + 𝑦L + 𝑧L = 𝑟L,
𝐴 sin 𝑥 cos 𝑦 = 𝑧

(9)
(10)

where r is radius of Sphere CG object and A is an
amplitude of Sin-Cos curve CG object. Using (9),
(10), 𝐹# and 𝐹% , this system calculates z-coordinate on CG object surface. When 𝐹& is under this
z-coordinate on a CG object surface, judgement is
contact and this system defines the finger position
as a contact point.
In the calculation of the motor rotation angle, this
system calculates the normal vector on the contact
point in the same way as the process of drawing
AR object. As shown in Figure 20, by using the

;?

;? F _;@ F

where 𝜃# is the angle between x-axis and the normal vector in X-Z plane, 𝜃% is the angle between
y-axis and the normal vector in Y-Z plane that is
shown in Figure 21.
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Figure 21. Calculation of 𝜃# and 𝜃%
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Figure 22 shows the calculation of the angle of
tangent plane slope on touching point in X-Z
plane and Y-Z plane, respectively. Since the normal vector is vertical to the tangent plane, this
system calculates the roll angle 𝑇S and the pitch
angle 𝑇T of tangent plane slope
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where A is the length of one side on a plane interface as operation length of each movable point.
Figure 25 shows L1 and L2.
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Figure 22. Calculation of the tangent plane slope angles
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Using the angle of tangent plane slope and the angle of a finger, the system calculates the difference roll angle 𝐷S and the pitch angle 𝐷T between
a finger and tangent plane

Figure 24. The state transition of a plane interface

𝐷T = 𝑇T − 𝐹T ,

(16)

𝐷S = 𝑇S − 𝐹S .

(17)

These difference angles are the roll and pitch angle of a plane interface slope as shown in Figure
23.
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Figure 25. Operation length

Using the operation length of movable point L1
and L2, the system calculates motor rotation angles
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Figure 23. Calculation of plane interface slope angles

Figure 24 shows the state transition of a plane interface. A plane interface operates as shown in
this figure. Using a plane interface slope angles,
the system calculates the operation length L1 and
L2 of each movable point
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,
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(21)

where R is the radius of a pulley. As shown in Figure 26, this system calculates the motor rotation
angles so that the length of circular arc is equivalent to the operation length. Each pulley is connected to two movable points with wires. This
system sends this motor rotation angles to Arduino Uno by Serial communication.
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3 EVALUATION EXPERIMENTS
R

A1

A2

L1

L2

Figure 26. Calculation of the motor rotation angles

In the controlling the motors, Arduino Uno receives motor rotation angles and controls motors.
Motors controls each pulley. These pulleys pull
up each movable point with wires. A plane interface provides a finger pad with force feedback.
Figure 27 shows that a plane interface is providing a finger pad with force feedback when users
touched Sphere CG object in Y-Z plane and X-Z
plane. Figure 28 shows that a plane interface is
providing a finger pad with force feedback when
users touched Sin-cos curve CG object in Y-Z
plane and X-Z plane.
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Figure 27. Touching Sphere CG object
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Figure 28. Touching Sin-Cos curve CG object

3.1 Overview of Experiments
We had evaluation experiments to compare previous haptic device and the proposed haptic device.
Sphere CG object is used to evaluate whether users can perceive sense of touching and grabbing a
CG object or not. Twelve people used previous
haptic device and the proposed haptic device. After that, they evaluated following items with a 5grade score.
Q1. You feel sense of touching a CG object.
Q2. You feel partial shape of a CG object surface.
Q3. You feel sense of touching a CG object with
two fingers.
Q4. This system can detect a finger position naturally.
Evaluation values are from 1 to 5 (1: “Strongly
Disagree”, 2: “Disagree”, 3: “Neutral”, 4:
“Agree”, 5: “Strongly Agree”).
3.2 Results
Table 1 shows the results. This result shows average scores and standard deviations. All standard
deviations are lower than 1.0. Thus, we consider
that there is no variance of responding values. In
addition, all average scores of the proposed haptic
device are higher than that of the previous haptic
device.
Table 1. Results

No.
Q1
Q2
Q3
Q4

Average score
Previous Proposed
4.17
4.67
2.92
4.58
2.92
4.58
2.50
4.58

Standard deviation
Previous Proposed
0.90
0.62
0.64
0.49
0.95
0.49
0.65
0.49

3.3 Discussions
From the results of Q1, we see that the both haptic
devices can provide users sense of touching a CG
object because the both average scores are higher
than 4.0. In Q2, the average score of the previous
haptic device is lower than 3.0 because there is the
case that the plane interface cannot provide accurate slope. Thus, we see that the previous haptic
device cannot provide sense of the partial shape
of a CG object well. From the results of Q3 and
Q4, we see that the previous haptic device cannot
provide sense of touching a CG object with index
finger and thumb well because two AR markers
cannot be recognized at the same time. On the
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other hand, from the results of Q1 to Q4, we see
that the proposed haptic device can provide sense
of touching a CG object and a partial shape of it
more naturally than the previous haptic device because these average scores are higher than 4.5.
From these results, we see that the plane interface
can provide accurate slope by using redesigned
wire winding mechanism. In addition, we see that
the finger recognition ratio is greatly improved by
using a color and a depth information.

4 CONCLUSION and FUTURE WORKS
The purpose of this paper is an improvement of a
finger-mounted haptic device using surface contact. This haptic device has a plane interface having four movable points. The plane interface provides a finger pad with force feedback to the normal direction by being approximated to tangent
plane on a CG object surface where finger pads
touched. To draw AR object, we use depth information of Senz3D. To detect a finger position
without AR marker, we use a color information
and depth information of Senz3D. After the evaluation experiments, we see that the proposed haptic device can provide force feedback to the normal direction on the touching area of a CG object
surface and grabbing a CG object. In addition,
from the comparison results, we see that the performance of the proposed haptic device has been
greatly improved than the previous haptic device.
In the future, we want to develop a haptic device
to deal with non-rigid object.
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