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Summary

Recent human-computer interaction studies focus on natural
interface based on hand/finger movements by tracking body
motion using various sensors. In this paper, we propose ‘Surface
Gesture” recognition method using both 2D surface information
and 3D spatial information. ‘Surface Gesture’ is composed of

continuous gestures using 2D and 3D coordinates in multi spaces.

We use a touchscreen to obtain the 2D coordinate and depth
sensors to obtain finger coordinates in 3D space. We decompose
‘Surface Gesture’ into 3 particular steps and recognize ‘Surface
Gesture” with tagging a label on each step. By combining
accurate 2D plane information and natural 3D space gestures, our
method provides a more convenient and familiar way to interact
with computers. We conducted an experiment to evaluate
performance of the recognition engine. Experimental results
show that the proposed method provides a 94% recognition rate
on particular step and an 82% recognition rate on ‘Surface
Gesture’
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1. Introduction

Conversation between people are communicating through
activities that based on experience, such as language or
gestures. Communication between the computer and the
person, using external input device to process the voice or
way to interact with a hand gesture by using a variety of
sensors are being actively investigated. And progress has

been made in a form that mimics a natural hand movement.

In this paper we propose a method ‘Surface Gesture’
which provides convenience and freedom for gesture
operation. ‘Surface Gesture’ is composed of continuous
sub-gestures using 2D and 3D coordinates in multi spaces.
To recognize ‘Surface Gesture’, with results of sub-
gestures. The gesture is to accurately touch targets using a
2D touch screen. And it ensures a natural interaction with
the 3D sensor. This method can be useful when moving
the object on the screen or the interactive interface with
the different screens.

Existing methods only use 2D information system, hide
the screen while typing gesture with hand. So the
computer cannot know exactly what situation happened.
This problem can be compensated by extending the path of
the gesture 2D to 3D.
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The paper is organized as follows. In Chapter 2 introduces
the latest research trends, Chapter 3 describes the
configuration of the system. In chapter 4 describes the
experiments of the proposed method, we present the
conclusions in Chapter 5.

2. Related Works

Method of finger movement recognition is using sensor
row data and image data. One way is by using image data
“3 Gear Devkit” [1]. This two-handed 6-DOF tracking
system [2] supports the pre-computed database for high
recognition rate. Although its high accuracy using the
commercial cameras is merit, image processing is demerit.
Typical commercial products of this method using the
sensor has a Leap Motion [4]. As this sensor setup in front
of monitor, it tracks position of finger in the space of
approximately 8 cubic feet of the top device. The device
has a measurable accuracy [5-6] to 0.0lmm. Since the
sensor data is provided in forms of the coordinate values
consisting of the actual distance, the image processing is
not necessary, unlike the image data, which has the
advantage of a reduced amount of operations.

Studies also have been made using a number of space.
Autodesk announces HybridSpace [7] in the 2014 IEEE
Symposium which proposed work area using both the 3D
and 2D. When 3D stereoscopic tools that represents only a
2D plane can easily cause eye fatigue and difficulty to
work. But this system proposed the modelling
environment that solve both efficiency and stress.
Differences from the various studies mentioned above are
compared to other studies using one kind of sensor, our
method has a point that use two sensors. The use of 2D
and 3D sensor simultaneously, complements the falling
accuracy of the 3D sensor by using a 2D sensor, and
provides an environment that can be used free gesture by
using the 3D sensor. The use of two types of sensor
provides effective gesture recognition environment.

In this paper, we propose a recognition method using a 2D,
3D space to ensure the success rate of the gesture
recognition. To gather 2d data use touch screen that
available multi-point recognize.
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3. ‘Surface Gesture’ recognition system

In this chapter, we described a system for the surface
gesture recognition.

3.1 Gesture

Surface gesture is one for use with a 2D plane and the 3D
space. The advantage of this gesture, the finger tracking in
2D and 3D, compensate the low freedom of 2D and low
accuracy of 3D. It allows a natural interaction between
humans and computers by taking advantage of the degrees
of freedom and accuracy of each.

Our goal is to recognize gestures pinch (Pinch-in) gestures,
release (Pinch-out) gesture. These gestures are the details
of the ‘Surface Gesture’. Pinch gesture is performed in 2D
space and 2D-3D (mixed-space pinch) is used. Release
gesture is performed in 2D space and 3D is used. The
mixed-pinch gesture will start in 2D, but the end is in 3D.
(Table 1)
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‘Surface Gesture' recognition of the destination has four
steps <Table 2>. The gesture is made in two of the detail
gestures and one of free-moving motion. And each step
can be divided clearly.

Table 2 Types of ‘Surface Gesture’

Start motion | Mid motion | End motion
pinch moving Release
2D to 2D (2D) (3D) (2D)
pinch moving Release
2D to 3D (2D) (3D) (3D)
pinch .
oo moving Release
3Dto2D | (mixed (3D) (2D)
space)
pinch .
oo moving Release
3D to 3D (mixed (3D) (3D)
space)
3.2 Flag

Special point of the gesture recognizer, ‘Surface Gesture’
is divided into a series of sub-gestures. So recognize each
sub-gesture, which determine ‘Surface Gesture’ based on
them. For this purpose, we propose distinguish method
using the Flag <Table 3>. The flag have true or false value,
it retains a number of flag as a number of sub-gesture. A
flag should turned into true value to recognize the sub-
gesture. In ‘Surface Gesture’ recognition stage, the flags of
sub-gesture are used to check what kind of ‘Surface
Gesture’.

Table 3 Gesture distinction using Flag

op | Mixed | 5 3D
Flag - space result
pinch - release | release
pinch

2D to

O x O x 2D
2D to

State - i ) - 3D
3D to

x O O x 2D
3D to

X O X O 3D

3.3 Algorithm

To recognize ‘Surface Gesture’ use following steps. First,
recognize sub-gesture (pinch, release). And due to the
nature of ‘Surface Gesture’, release motion is end of that
gesture. So release motion detected, recognize surface
gesture with flag setting that shows in 3.2.

This paragraph shows detail gesture recognition method in
2D and 3D.
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3.3.1. Sub-Gesture Recognition

As previously mentioned ‘Surface Gesture’ is the set of a
number of sub-gesture continuously made, it should be
able to recognize the complete gesture. The complete
gesture can be divided into the release and pinch, and
pinch motion is divided in a 2D plane and mixed space.
Release motion is divided 2D and 3D.

Touch point must be in around of interactive object.
...... )

The distance of each finger moved to be less than a
threshold value ............... @)

Fig. 1 condition of 2D Pinch

Conditions required for 2D pinch is made (Fig. 1) as
follows. The first touch point must be in around of an
interactive object, and the second would be enough to
move the pinch away for motion being performed. To
verify the above two conditions the following process is
required.

The finger data is needed the coordinates of each finger
first reached touch screen (finger_1x_in, finger_1y_in),
(finger_2x_in, finger_2y in), ... , (finger_nx_in,
finger_ny_in),

The coordinates of the finger on the screen is turned off
completely (finger_1x_in, finger_1y in), (finger_2x_in,
finger_2y _in) ..., (finger_nx_in, finger_ny_in). To obtain
the maximum value, the minimum value is as follows. (1).
(n = touched finger number)

max, = max(finger_1, ,finger_ 1y ., ...,
finger_ny, ,finger_ny )
max, = max(flnger_lyin, fmger_ly, .,
finger_ny, ,finger n,_ )
min, = min(finger_1, ,finger 1, ., ..,(1)
fingern_y, ,finger n, )
min, = mm(flnger_lyin, fmger_ly[mt, .,
finger_ny, ,finger n,_ )

At this time, when the center point of the object referred to
the interaction point (Objectx,Objecty)

min, < Object, < max,

min, < Object, < max, (2)

When the formula (2) satisfied, the condition D is

established.

To satisfy the condition @), the value of moving distance

of finger should over threshold. To calculate the value of

moving distance uses the Euclidean method (3)
distancefingern =

Jfinger n,, + finger ny . (3)

The sum of the finger distance is greater than or equal to
the threshold value if it is determined that pinch has
succeeded (3-4).

distancefipger 1 + -+ distancesipger n
< Threshold (4)

Conditions required for mixed space pinch is made (Fig 2)
is as follows.

In the condition (D in Figure 5 established by formula 1
and 2. Assume that the position coordinate of the current
finger  (finger_1x_in,  fingerly in,  finger_1z in),
(finger_2x_in, finger_2y in, finger_2z in), distance
between the fingers is less than or equal to the threshold
value when the operation of the pinch in the mixed space
is determined.

The position of the finger occurs around the object, but

did not established the pinch motion, ......... @
If the distance between the finger on the 3D falls below
a threshold value ......... @)

If the 3D sensor Pinch Strength value will be at least

09 ......... ®

If the sum of the angle formed by the two fingers drops
below the threshold value ...... @

Fig. 2 Condition of mixed space Pinch

distancefinger n =

(finger_nxl.n — finger_n + lxin)z +
(finger—nJ’in - finger_n + 13’in)2 +(5)
(finger n, — finger n+1, )?

distancefipger < Threshold

Pinch Strength value that used in the condition @ is raw
data of Leap Motion. This value measure distance of
thumb and index finger, and provide a value between 0
and 1. 0 is totally closed state, 1 means to be fully opened.
If the sensor send more than reference value, recognizer
determine mixed space pinch operate.

The condition @ confirms the two fingers used in the
variation of the angle between a 2D plane. Change an
angle of the fingers is provided by the 3D sensor, when
change amount is performed higher than the threshold
determine pinch is performed.

Recognition method of release and pinch is same.
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Pinch gesture occurred ............... €D

When a touch is made to move the distance of each
finger more than threshold value ...... @

Fig. 3 Condition of Release motion in 2D

2D release motion is same with 2D pinch, so using
formula 3, 4.

Z(Distance) = Threshold gistance

Z(angle) = Threshold g (6)

Pinch gesture occurred ... )

The distance between the finger on the 3D is more
than threshold, and the angle of difference is more
than threshold ... &)

The distance between the finger on the 3D is more
than threshold, and the pinch strength is more than
threshold ... ©)

Fig. 4 Condition of Release motion in 3D

The condition ® is the same method for determining the
condition @), use pinch strength value instead of the angle
variation.

diffdistance = diStancecurrent - diStancebefore

Distance = diffdistancei' diffdistancezr e diffdistancels
Z(Distance) = Threshold jistance (7)

Pinchstrength = Thresholdpinchstrength

3.3.2. ‘Surface Gesture’ recognition

Surface gesture is made up of a number of sub- gestures.

It will recognize the gesture according to their
characteristics. Gesture recognition method has been used
a binary search tree using a “flag settings” and “gesture
distinction” in the table 3.

4. Experimental

Experiments to confirm the usefulness of our method in
Chapter 3 was performed. Subjects were targeted to the 20
to 30 adults, were carried out experiments with a total of
eight people. To check experience of 3D hand gesture
recognizer and 2D touch screen in the past, experienced
and non-experienced person using a 1: 1 ratio were
recruited to fulfill.

The system environment was developed using MFC
(Microsoft Foundation Class) libraries in Windows 7, and

2D sensor using the Windows default event handler, SDK
in Leap Motion.

Test method was used as the four surfaces gesture <Table
5>,

Table 4 'Surface Gesture' used in the experiment
2finger

Kind | 2D to| 2D to | 3D to | 3D to
gesture | 2D 3D 2D 3D

All four gesture were conducted in a different order each
subject. Subjects are repeat that cycle two times. Surface
gesture can be divided into free-movement phase and two
sub-gesture phase. The result of recognition are <Table 5>,
<Table 6> as follows.

Table 5 Surface Gesture recognition rate
Recognition rate

2D — 2D 90.00%
2D — 3D 82.86%
3D — 2D 78.14%
3D — 3D 77.43%

average 82.11%

Table 6 Detail gesture recognition rate
Recognition rate

2D Pinch 99.28%
3D Pinch 94.28%
2D Release 98.43%
3D Release 86.43%
Average 94.60%

According to the experimental results, in the case of the "
sub-gesture, and showed a high recognition success rate in
<Table 6>, surface gesture showed low recognition rate
<Table 5>. Because ‘Surface Gesture’ is consist of
‘sub-gestures’, each ‘sub-Gesture’ recognition fails, get
together in ‘Surface Gesture’. The cause of the failure, as
the cause of the error, and how to access the touch screen
can’t depend on user’s posture. So it may lead to input
errors. The second cause is that the validation of a leap
Motion data is lacking. Leap Motion has problem that
difficult to sensing nearby monitor and affected by
environment.
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5. Conclusion

In this paper, we proposed recognition method for
recognizing a ‘Surface gestures’. And algorithms for
recognition of sub-gestures. Also we proposed a flag based
recognition method for recognizing a ‘Surface gestures’.
Flag-based recognition method provides a way to
recognize specific ‘Surface Gesture’, which consists of a
detailed step-by-step operation. We design ‘sub-Gesture’
algorithm presenting a number of conditions, even when
the error on one of the conditions was designed to be
recognized in other conditions. Threshold values for
recognition were set by the user experiments. Sub-Gesture’
shows 94.6%," ‘Surface Gesture’ shows 82.1%
recognition rate. It shows this method is effective in
surface gesture recognition.

Recognition rate of the "Sub-Gesture’ a higher, but
‘Surface Gesture’ are required to improve the recognition
rate to be used in a variety of future applications. Because
of characteristics of flag-based recognition method,
‘Surface Gesture’ recognition method is no problem. But if
recognition rate of ‘Sub-Gesture’ is going to down, the
recognition rate of ‘Surface Gesture’ ' decrease a lot. This
Leap Motion sensor is providing accurate data when
compared with the current commercial sensor, but it has
limit, and data correction cannot be achieved sufficiently.
To complement for this, we performed to validate the data
and modify the threshold value based on the ambient
conditions.
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