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 Objective: The purpose of this study is to identify motion patterns for cellular phone
and propose a method to identify motion patterns using a motion capture system.
 
Background: In a smart device, the introduction of tangible interaction that can
provide new experience to user plays an important role for improving user's emotional
satisfaction. Firstly, user's motion patterns have to be identified to provide an
interaction type using user's gesture or motion. 
 
Method: In this study, a method to identify motion patterns using a motion capture
system and user's motion patterns for using cellular phone was studied. Twenty-
two subjects participated in this study. User's motion patterns were identified through
motion analysis. 
 
Results: Typical motion patterns for shaking, shaking left and right, shaking up and
down, and turning for using cellular phone were identified. Velocity and acceleration
for each typical motion pattern were identified, too. 
 
Conclusion: A motion capture system could be effectively used to identify user's
motion patterns for using cellular phone. 
 
Application: Typical motion patterns can be used to develop a tangible user 
interface for handheld device such as smart phone and a method to identify motion
patterns using motion analysis can be applied in motion patterns identification of
smart device. 
 
Keywords: Motion capture system, Motion patterns, Emotional satisfaction, Tangible
interface
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1. Introduction

User expectation on the technological level of smart devices is on the rise, due to

recent popularization of smart devices. The provision of an interaction mode that 

can offer a new experience to users from function-focused product development 

plays a pivotal role in improving user satisfaction on products. Users have a strong

tendency to simultaneously pursue digital convenience, and analog emotion, and

prefer more human-friendly interface (Lee, 2008). According to such a need, many 

products offering intuitive and innovative interface were recently developed. Especially,

tangible user interface having analog emotion is getting the limelight as one of the 

modes providing pleasure to users (Schlomer, et al., 2008). The tangible interface is 

an interface technology manipulating digital information through motions similar to
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general human motions, such as touching, feeling, holding and transferring a thing. Using natural objects or activities in 

everyday life, the tangible user interaction makes intuitive and natural type of interaction with digital information possible. Utility 

can be found from tangible user interface in that it provides comfortable and pleasant experiences to a user. The typical product 

using the tangible user interface is Nintendo Wii, which adopts a tangible user interface, based on motion recognition (Schlomer, 

et al., 2008). The motion recognition technology is recently applied to smartphones or smart TVs. As such, products to offer 

emotional satisfaction to consumers are increasing by introducing tangible user interface that uses various new technologies 

such as a motion recognition sensor. Especially, the interface method using user's gestures or motions is regarded as an 

important research field in the interactive environment, because of the merit offering the environment similar to actual living 

(Gyeong et al., 2006). 

 

Concerning the interaction function using user's motions, the control of mobile device is carried out using user's motions, and 

therefore, the analysis of users' motions is very important above all. As a method to effectively measure and analyze user's 

motions, a motion capture system enables accurate analysis of motion patterns, since it can measure and quantify motions at 

high level of accuracy. To simply identify user's motion trajectory, it will be enough with just a video camera. However, the use 

of the motion capture system is necessary to acquire data, such as the velocity, acceleration and displacement of motions that 

can be used for motion interface design. The motion capture system is a device measuring the location and bearing on the 

movement of an object in 3D space. Braido and Zhang (2004) conducted an analysis on the human's finger motions using the 

motion capture system, and Kamat, et al. (2014) used the motion capture system to comparatively analyze the motions of hands 

and fingers in motions to squeeze out content from a plastic bottle targeting elderly men and women. Yun et al. (2008) used 

motion capture equipment to collect data on the upper limb motions in drinking motion. From the studies mentioned above, 

it is understood that a motion capture system can be effectively used to identify motion patterns on user's motions, and 

therefore, this study researched a method to identify a standard pattern of user's motions by using a motion capture system. In 

particular, this study presented the applicability by studying cases to identify several motion patterns targeting cellular phone, 

one of the most recently generalized personal products. 

2. Experimental Method 

This study measured the use motions of a cellular phone using motion capture equipment, and tried to identify standard motion 

patterns, based on the use motions. This study used motion capture equipment, composed of six Hawk digital cameras. To 

measure motions, 5mm-markers attached to a cellular phone. Figure 1 shows the procedure to draw standard motion patterns 

for using a cellular phone. The user's use motions of the cellular phone attached with markers were measured using the motion 

capture system, and typical motion patterns were identified by using the movement trajectory. 

 

 

 

 

 

Figure 1. Process to draw a standard motion 
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For example, to identify the cellular phone shaking motion pattern, the shaking motions using the motion capture equipment 

were measured, and the typical motion pattern by analyzing the movement trajectory was identified. And then, the pattern 

with the highest frequency by analyzing subject's motion frequency by each motion pattern was decided as the standard. 

2.1 Subjects 

Twenty-two subjects (16 males and 6 females) participated in this experiment. The subjects without disorder in arm motions 

were selected. The males' age was 23~32, and the females' age was 21~25. Three males among the male subjects were left-

handed, and the rest were all right-handed. 

2.2 Experimental task 

Three motions, namely, shaking, shaking left and right, and shaking up and down, which are highly used for shuffling motion 

in the MP3 player function of a cellular phone, and a turning over motion used for turning off the sound of a cellular phone 

were selected in this experiment (Table 1). 

 

As shown in Figure 2, three fluorescent markers at the top left and right and bottom left of a cellular phone were attached to 

the cellular phone to identify the movement, velocity and acceleration of the cellular phone. 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Experimental tasks 

Task Graphic Task Graphic 

Shaking 
(for shuffling music) 

 

Shaking up and down 
(for shuffling music) 

 

Shaking left and right 
(for shuffling music) 

 

Turning over 
(for turning off sound) 

 

Figure 2. Experimental material 
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3. Identification of Motion Pattern 

3.1 Shaking 

This study detected six patterns by analyzing the measured and videotaped data on the shaking motions of 22 subjects by using 

motion capture equipment. As shown in Table 2, the six patterns were drawn by analyzing the trajectory of markers attached 

to the cellular phone measured through motion capture. 

 

In Table 2, the first column (3D pattern graph) shows the trajectory of markers attached to the cellular phone measured from 

motion capture. The second column (pattern) shows the pattern identified through subjects' shaking motions analysis. The 

number in the last column (freq.) shows the number of the subjects who made the motion in each pattern. Consequently, typical 

patterns on shaking motions were identified through the number of the subjects by motion pattern. 

 

 

Figure 3 shows the number of the subjects, who conducted motions by pattern, through an analysis of 22 subjects' shaking 

motions. From the figure, the number of the subjects who carried out shaking motion with repeated shaking was the most. 

Therefore, it is reasonable to decide A pattern as the typical pattern of shaking motion. 

 

In this regard, the repeatedly shaking motion (A pattern) was identified as the standard motion in Figure 4 in terms of shaking 

motion. This study conducted a detailed analysis on the motion patterns of patterns A and B, whose frequencies were the most 

among the user's motion patterns on shaking motion. In the detailed analysis, the displacement, velocity and acceleration in a 

motion in the directions of x, y and z axes on each motion pattern were analyzed. The results are as follows: As demonstrated 

in Table 3, the displacement is small in the directions of x, y and z axes, and the frequency's cycle time is short in A pattern. 

Table 2. Motion pattern for shaking 

3D pattern 
graph Pattern View Descrip. Freq 3D pattern 

graph Pattern View Descrip. Freq

Front 
view 

Repeatedly
shaking 16 Front 

view 

Repeatedly 
shaking 
based on 
central axis 

1 

Front 
view 

Shaking 
only once  2 Front 

view 

Repeatedly 
shaking in a 
circle shape

1 

 

Side 
view 

Repeatedly
shaking  1 

 

Perceptive 
view 

Repeatedly 
shaking in a 
circle shape 
(turned over 
cone shape)

1 

Figure 1. Process to draw a standard motion 
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Meanwhile, displacement is large, and the frequency's cycle time is long in B pattern. Such a phenomenon is shown equally in 

the velocity and acceleration components analysis as well. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Component analysis for typical shaking patterns 

 Displacement graph Velocity graph 

Pattern 

 

 

X axis 

 

Y axis 

Acceleration graph 

Z axis 

Figure 3. Frequency for each movement pattern Figure 4. Typical shaking pattern 
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3.2 Shaking left and right 

Through the same method as motion pattern identification on shaking motion, the motion pattern on shaking left and right 

was identified targeting 22 subjects. According to the analysis results in Table 4, A pattern, in which continuously shaking is 

conducted after fixing wrist, is the most typical motion pattern. However, A pattern does not show over 50% frequency. As a 

result of analyzing the displacement by X axis, Y axis and Z axis, the displacement in the X axis direction is shown cyclically, but 

almost no displacements in Y axis and Z axis directions are found (Table 5). That is, the subjects conducting a motion in this 

pattern shake the cellular phone left and right in the x axis direction. Looking at the graph showing the velocity and acceleration 

components of A pattern, the increase and decrease of velocity and acceleration are repeated cyclically (Table 5). 

Table 4. Motion pattern for shaking left and right 

3D pattern 
graph Pattern Descrip. Freq 3D pattern 

graph Pattern Descrip. Freq

Continuously 
shaking after 
fixing wrist 

8 

Continuously 
shaking by making 
the motion small 
after fixing wrist 

2 

Continuously 
shaking by 
using wrist 

5 Shaking only once 
by using wrist 2 

Shaking twice by 
using wrist 4 Shaking only once 

by fixing wrist 1 

Table 5. Component analysis for typical shaking left and right patterns 

 Displacement graph Velocity graph 

Pattern 

 

X axis 
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3.3 Shaking up and down 

This study identified six typical patterns by analyzing the shaking up and down motion of 22 subjects. As shown in the shaking 

motion pattern identification, the six patterns were analyzed and drawn through X, Y and Z axes of trajectory of the markers 

attached to the cellular phone measured by motion capture. 

 

According to the analysis results in Table 6, the motion repeatedly shaking up and down looking at the front can be checked 

as the most typical pattern from motion capture. Consequently, it is judged to adopt A pattern (repeatedly shaking up and 

Table 5. Component analysis for typical shaking left and right patterns (Continued) 

Y axis 

  

Acceleration Graph 

 

Z axis 

 

Table 6. Motion pattern for shaking up and down 

3D pattern 
graph Pattern View Descrip. Freq 3D pattern 

graph Pattern View Descrip. Freq

 

Front 
view 

Repeatedly 
shaking 10 Front 

view 

Shaking twice 
(after fixing 
wrist) 

2 

  

 
Side 
view 

Repeatedly 
shaking 
(after fixing 
wrist) 

 4 Side 
view 

Shaking only 
once (after 
fixing wrist) 

2 

  

Side 
view 

Repeatedly 
shaking (by 
using wrist)

 3 Side 
view 

Shaking only 
once (after 
fixing wrist) 

1 
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down) as the standard motion of shaking up and down. 

 

Looking into the displacement analysis of A pattern and B pattern by X axis, Y axis and Z axis, displacement in the X axis direction 

is small, but the displacements in the Y and Z axes are large. According to the graphs showing the velocity and acceleration 

components on A pattern, the increase and decrease of velocity and acceleration are repeated cyclically (Table 7). 

 

3.4 Turning over 

This study identified six typical patterns by analyzing turning over motions of 22 subjects. As shown in shaking motion pattern, 

the six patterns were analyzed and drawn by analyzing the trajectory of makers attached to the cellular phone in the X, Y and 

Z axes measured through motion capture. 

 

According to the number of subjects who conducted motions in each pattern in Table 8, A pattern that turns over the cellular 

phone anticlockwise is the most typical pattern. Through the displacement analysis by X axis, Y axis and Z axis, maximum 

displacement can be drawn. Looking into the graphs showing the velocity and acceleration components of A, B and C patterns, 

the velocity and acceleration upon turning over hugely increase (Table 9). 

Table 7. Component analysis for typical shaking up and down patterns 

 Displacement graph Velocity graph 

Pattern 

 

X axis 

 

Y axis 

Acceleration Graph 

 

Z axis 
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4. Conclusion 

As offering new experiences to users recently emerges as a core competitive factor of a product, the provision of an interface 

mode that can offer user's emotional satisfaction can be one of the most important factors. The mode enabling interaction with 

a device by user's motions is considered as one of the important methods to provide better use experiences to users. To offer an 

interaction mode through motions, it is necessary to observe user's motions on device function performance, from which the 

pattern to be used as the standard of a motion is identified. This study identified motion patterns on the four basic motions 

used for interaction with a device basically, and extracted basic data for each pattern. To identify a simple motion pattern, it can 

be identified by observing motions; however, it is impossible to draw detailed design indicators on the motion's velocity and 

displacement, and components by coordinate axis through just observation. Therefore, this study used motion capture equipment. 

As the experiment results of motion pattern identification using motion capture equipment, this study extracted specific motion 

patterns and design data on such four motions as shaking, shaking left and right, shaking up and down, and turning over. 

Table 8. Motion pattern for turning over 

3D pattern 
graph Pattern Descrip. Freq Comment 

Turning over anticlockwise 
(using fingers) 15 

Righty: 14 
Lefty: 1 
(including 3 people turning over by 
twisting wrist, not using fingers) 

 
Turning over anticlockwise 
(using fingers) 

 2 Righty: 1 
Lefty: 1 

Turning over by twisting 
about 90 degrees (by twisting 
wrist) 

 3 Righty: 3 

 

Turning over clockwise (by 
twisting wrist)  1 Lefty: 1 

Turning over clockwise  1 
Righty: 1 
(This is a special case: Think turning 
upside down as turning over) 
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The results in this study can be used as important basic design data for motion interface development. However, a 

supplementary experiment targeting more subjects is required to enhance the reliability of patterns and attributes data. A 

further study to complement such an issue needs to be carried out in the future. 
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