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Abstract— In this paper, we suggest a mo
indirect 3D object manipulation method 
information in an augmented reality environm
we propose 1) a method that exploits a 2D
3DOF accelerometer, and compass sensors
manipulate 3D objects in 3D space, 2) design t
to map the control space of mobile phones 
reality (AR) display space, and 3) confirm the
transfer functions by implementation. Our
applicable to the design and implementation o
phone-based 3D user interface for AR appli
indoor and outdoor environments without an
installations. 

Keywords-component; Augmented real
wearable computing; 3D object manipulatio
interaction; mobile phone. 

I.  INTRODUCTION 
At present, mobile phones are often used

portable computers. Various sensors (e.g., 
screen, accelerometer/gyro, compass, and G
communication modules (e.g., NFC, Bluet
3G) have been embedded in recent models o
These features can be utilized for nov
interaction methods [1] in an augmente
environment. Moreover, within an outdoor
portable head-mounted display (HMD) dev
connected to the mobile phone have been co

Considering the use of mobile 
information for 3D manipulation, the 2D in
screen sensor and rotation from an accelerom
been predominantly used. This, however, li
interaction (e.g., a 3D translation) using the
inputs. Moreover, 3D interaction is impo
indoor and outdoor spaces without 
installation (e.g., ultrasonic or infrared trac
is possible in a laboratory. 
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Figure 1.  A user is wearing a HMD and
manipulate 3D object in AR

This paper includes the followin
is reviewed, and then the technical
manipulation method is explained
then presented and a conclusion wra

II. RELATED 

In virtual reality environments
manipulation method is generally c
manipulation method in that control
correspond to one another. Such 
indirect manipulation method, in w
correspond to one another [2].  

Specifically, the direct 3D objec
also divided into the virtual hand tec
3D object manipulation and the virt
distance 3D object manipulation. Th
require indoor tracking installations 
position and orientation of the man
wand). 

On the other hand, the external 
not mandatory for or the indirect 
method, because the internal sen
manipulation prop (e.g., trackball) i
manipulation. This type of m

ted Reality 
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appropriate for our intention, which uses 
internal sensor information for 3D obje
without the incorporation of an external track

Considering the use of sensor info
embedded in a mobile phone, tilt, accelerom
compass sensors are used for immersive g
remote desktop UI control. The sensor info
exploited to 2D translation of 3D object [4]
selection [6], navigation [7], and text input [
3D translation manipulation of 3D objects 
reported.  

We also need to design a control for d
(e.g., transfer function) for new types of 
methods. This function maps the manipulat
control devices to visualization quantities on
The control function is divided to the posi
control method [9]. 

The position control method inputs 
control motion vector and maps a magn
motion vector. Linear, Sigmoid, and Quadra
generally used for them [6]. On the othe
control method inputs the control motion sp
visual motion speed. 

III. PHONE-BASED 3D OBJECT MAN

A. 3D motion vector generation from a phon
We suggest a phone-based 3D obje

method that exploits the phone’s internal sen
This approach enables the user to manipula
normal indoor or outdoor environments, and
(e.g., infrared or ultrasonic-based tracking m
installed. 

The mobile phones’ sensor information
compose the 3D motion vector, as shown
vector consists of a 2D motion vector �� on
and a 3D rotation matrix �  on the mob
multiplication of the vector �� and the matrix
3D motion vector ��, as shown Equation 1. 

Specifically, the ��  refers to the 2D mo
fingertip on a touch screen if its magnitude 
distance �. (e.g., the user touches the screen
some distance). For the 3D rotation matrix
roll orientation of a mobile phone is used to
and y-axes’ acceleration of gravity (��	
 ��
sensor information is used to set the mob
orientation (���. 

 

mobile phones’ 
ect manipulation 
king component.  

ormation that is 
meter, gyro, GPS, 
game control and 
rmation was also 
, scroll [5], menu 
[8]. However, the 
has not yet been 

display functions 
3D manipulation 
tion quantities on 
n display devices. 
ition and the rate 

a magnitude of 
nitude of visual 
atic functions are 
er hand, the rate 
eed and maps the 

NIPULATION 

ne 
ect manipulation 
nsor information. 
ate 3D objects in 
d tracking devices 
modules) are not 

n is exploited to 
n Figure 2. The 

n the touch screen 
bile phone. The 
x � generates the 

otion vector of a 
is over a specific 

n and swipes over 
x��, the pitch and 
o determine the x- 
�
). The compass 
bile phone’s yaw 

 

Figure 2.  2D motion vector �� on the touc
of the mobile phone make 3D m

 
 
Then, the 3D motion vector ��

transferred to the 3D motion vecto
space, as shown in Figure 3. In
accomplish this objective, we need
function that should meet accurate an
with a small number of clutching. 

 

Figure 3.  The transfer function maps contr
motion vector �� in the AR 

In practice, the 3D motion vec
space is continuously accumulated 
as shown in Figure 4, where the 
magnitudes of the �� on current time

 

Figure 4.  The  ��is accumulated o

B. Transfer Function Design 
Considering the limited size o

appropriate transfer function is nece��  to the�� . In this paper, we ado
transfer control functions and tune t
3D translation manipulation.  

The position control function 
motion vector �� as an argument (E
the linear (Equation 3), sigmoid (Eq
functions (Equation 5) for the positio
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Figure 5.  Design of the position control fu

In tune, we set the maximum input val
functions to 320, because the pixel resoluti
of the touch screen is 320 pixels. Specifica
function, we set 1 to the constant param
sigmoid function, we set 1/32 to �, 5 to �, a
the quadratic function, we set 0.08 to �. Fig
effects of the position control functions. 

For the rate control function, we refer t
acceleration graph of the commercial opera
graph defines relationships between the mo
the cursor on display devices and the mov
mouse input devices.  

The rate control function inputs the spee
motion vector on the touch screen at every 
shown in Equation 6. To exploit the char
mouse cursor acceleration graph2, we simpl
considering the ratio of cursor speed 12'
speed 1�'345 , and the ratio of AR object spe
touch speed 16'327�, as shown Equation 7.  

The 1� (inch/sec) is calculated through 
screen update rate is the camera frame rate 
the screen resolution is 25.4DPI, considerin
AR implementation.  

Calculating the 1�  (Equation 9), the sens
communication rate is 60Hz, considerin
wireless communication in the local networ
rate of the mobile phone’s accelerometer s
screen resolution is 160DPI, according t
specification of the tested mobile phone. Fi
effects of the rate control functions. 

 

1�'3)4')�1�'345 � �� 1�8 19:�';<52��1�8 16'327�
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Figure 6.  Design of the rate c

IV. IMPLEMEN

The implementation was cond
environment without any external tr
notebook computer (CPU duo cor
user’s backpack executes comput
tracking and calculates the HMD cam
viewpoint) for proper 3D object re
environment.  

 

(a) 

(b) 

Figure 7.  Implementation results of 3D 
sensor-embedded mobile phone: (a) 3D obj

composition in 3D 

1� � 1�CD�CE FCB G��+H-I�JF��
KHLM, 1M-��C J�DHNL��HC

1� � 1M-��C OPBF�� JF��
1M-��C J�DHNL��HC  
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V. EVALUATION PLAN 
We propose a testing plan to measure op

of the transfer function that minimize ma
number of clutching, and hand/finger
parameterizations can be conducted thr
evaluation to find optimal parameter values 
on near or far distance.  

In this evaluation, a user can see an A
space) through the video see-through HMD
aimed in the user’s viewing direction and mo
in 3D space (control space) while grasp
shown Figure 8. For each trial, a user is req
and rotate the cursor object to match the targ
DOF docking test). 

 

Figure 8.  Evaluation environment: a user manipula
control space and a virtual 3D object is augmented in

Through the previous evaluation result, 
a linear model on optimal parameter value a
then we can possibly estimate a parameter 
distance. Therefore a user can do ef
manipulation at any distance in ideal cas
conduct an evaluation to verify how the esti
is appropriate. 

 

Figure 9.  Estimated prarameter at random distance fr
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VI. CONCLUSION AND 

In this paper, we propose
manipulation method to translate 
environment. The use of the p
information enables the phone to 
interaction interface in normal 
environments without the incorp
tracking installations.  

Considering the control funct
display gain is applied, then a sophi
be possible but this requires a 
clutching in order to translate the 3D
On the other hand, a high gain co
clutching, but accurate manipulat
Therefore, we need to consider an 
that satisfies both fast and accurate m

Thus, our future studies will 
control functions that have been co
we will find optimal function param
task completion time, error, and num
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