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Abstract. Diverse sensors are available in ubiquitous computing of which re-
sources is inherent in environment. Among them, image sensor acquires neces-
sary data using camera without any extra devices, which is a different aspect 
from other sensors. It can provide additional services and/or applications by us-
ing a location of code and ID in real time image. Focusing on this, Intuitive in-
terface operating method in ubiquitous computing environment that has plenty 
of image codes is suggested. GUI using image sensor was designed, which 
works real-time interactive operation between user and the GUI without any 
additional button or device. This interface method recognizes user's hand im-
ages in real-time by learning them at a starting point. The method sets interac-
tion point, and operates the GUI through hand gestures defined previously. We 
expect this study can be adopted to augmented reality area and real time inter-
face using user’s hand. 

Keywords: HCI, Hand interface, Hand interaction, Augmented Reality. 

1   Introduction 

In 2008, Microsoft’s Bill Gates emphasized the importance of convenient interfaces 
using the phrase “second digital decade.”[1] However, there are many inconveniences 
with the interface. Input inconvenient and lacking in intuition, thus necessitating 
additional learning. In contrast, the second digital decade interfaces need to be more 
intuitive, user-friendly, and convenient to use. We suggest an interaction system that 
satisfies the needs for future ubiquitous computing environment. Various information 
and applications can be used in ubiquitous computing environment. The ubiquitous 
computing environment is assumed for the study, in which digital information used 
has a 2d image code form. We are considering image sensor based real time and real 
environment service or application under the environment. This is a kind of 
augmented reality (AR) approach. In this paper, as a method to interact with GUI in 
AR environment, we present a system that directly uses user's hand. 
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2   AR Interaction Analysis 

Depending on the interaction modes used, augmented reality interfaces can be classi-
fied into tangible user interface (TUI) based method, control device based method, or 
hand based methods. There are diverse control devices available, with the keyboard 
and the mouse being the most common. Examined here is an example of AR utiliza-
tion in a hand-held device that employs the touch screen and tablet pen based inter-
face, which is lately gaining increased application. 

The method most easily and often used for AR interface is the TUI based interface. 
In general, the TUI utilization method employs as the physical tool for interaction, a 
2D image marker based on an image processing marker recognition method. When 
this is done, the marker is either attached to a stick or made so that it can be hand-held 
in order to prevent the marker’s image part from being occluded [2,3,4,5,6]. Or in 
certain situations, a special TUI [7] is created. When an image marker is used, since 
the decoding algorithm of the marker is already established, construction of additional 
physical user interface is convenient and easy. However, if the marker is occluded 
during interaction, the feedback from the marker is lost, and thus there is a constraint 
of not having any part of the marker occluded during operation. Furthermore, since 
the decoding of one ID is done by one marker, in order to carry out complex manipu-
lations, the number of TUI has to be increased by a corresponding amount. This cre-
ates a shortcoming in that the interaction becomes uncomfortable and manipulation 
unnatural. The non-vision based, specially produced TUI can resolve this to some 
extent, but it cannot be easily built since from production to interaction it requires 
special devices. 

The touch screen based method [8,9,10,11], with a 2D interface familiar to general 
users, makes easy manipulation possible. But if it is used in mixture with the AR 
environment, confusion occurs in interaction. While the elements for UI augmentation 
utilize real environment resources, the user’s manipulations take place in the device’s 
2D screen. Therefore, it only serves the role of receiving information inherent in the 
environment without any interaction with a physical medium, and the virtual object, 
rather than being directly controlled, is indirectly manipulated. 

There are various forms of interaction using the hand within the AR environment. 
There is the method of using a special device like a glove [12], and as in [13], there is 
the occlusion based method using occlusion of the marker in an image. The manipula-
tion method using the shadow of a hand on a touch creen was also employed, as 
shown in [11]. These methods employ the hand and at the same time require other 
resources in addition to the hand. In contrast, the most natural and simple method is 
the vision based method which directly uses just the hand. The vision based method is 
employed in [14]. This method, however, only utilizes the single, most prominently 
recognized finger and thus additionally requires a control panel for manipulation, 
which tends to diminish intuitiveness. 

Focusing on intuitiveness and naturalness, we created a gesture interaction system 
through a vision based recognition method. This uses natural and familiar gestures 
employing just the hand without a TUI or supplementary devices. A detailed explana-
tion of our method will be given in Chapter 3. 
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3   Personal Hand Interface System 

We are considering developing an application that augments service or GUI using 2D 
image sensors afterwards. As preparatory research for the proposal, this paper re-
searched technology that recognizes hands using neural network and uses them inter-
actively. 

3.1   System Processing 

The system operates as shown in Figure 1. When the program is first run, it goes 
through the learning process of extracting user’s hand information. Through it a neu-
ral network is composed and the process moves to hand recognition stage. In the hand 
recognition stage, the individual user’s hand is recognized and then, in the gesture 
recognition stage, gestures are discerned based on hand shapes. Afterwards, interac-
tion is carried out according to changes in the gestures. 

 

Fig. 1. The processing architecture 

3.2   Learning 

In the learning stage, the features of a user’s hand are identified and a neural network 
is established. To find the features, when the user places a hand on the circular mark 
at the center of the picture as shown in Figure 2(a), the R, G, B, H, S, V, Y, Cb, Cr 
color tones of the circular mark area are extracted. The RGB model is the basic sys-
tem model, the HSV model is good for detecting changes in color tones, and because 
the YCbCr model is good for accurately sorting out luminance and chrominance, it is 
mainly used for skin color modeling.[9]  

The characteristics thus extracted are used to learn a neural network. Figure 2(b) 
shows the structure of a neural network realized in the system, and it is composed of 
an input layer which inputs nine types of color value averages from user’s hand, a two 
column hidden layer made up of 30 neurons, and one output neuron. The system was 
taught to make the output neuron converge to zero. 
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(a) User hand learning                              (b) Neural network 

Fig. 2.  Learning stage via (a) user’s hand learning image (b) neural network model 

3.3   Hand Recognition 

Once learning is completed, the recognition stage is carried out. From the image, 
candidate areas deemed to be the skin color area are identified through the average 
and standard deviation of Y, Cb, Cr, H elements. Based on the silhouette pixel num-
ber k from the user hand data extracted during the learning stage, among the candidate 
areas, objects that are too small or too big are judged to be noise and eliminated. 

From all the objects left on the screen, the color values that match those from the 
learning stage are obtained and their average is calculated. Then the neural network 
produced from the learning stage is recalled, and the resulting value of each object is 
tested. Because the system was taught to make the resulting value of the output neu-
ron converge to zero in the learning stage, from among the objects that have been 
tested, the one with the resulting value approaching closest to zero is judged to be 
user's hand. 

 

Fig. 3. Hand recognition stage {binary, noise reduced, neural network value attached} images 

3.4   Gesture Recognition 

The hand image area and centroid coordinates were obtained, and the radius was estab-
lished according to the area ratio. Then the hand is explored along a circle to confirm 
the number of fingers and tip points in the hand are selected. While processing images 
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in real-time, there can be a problem of abnormal value calculations with finger count, 
center of gravity, or radius momentarily occurring due to unexpected changes in the 
images. In order to prevent this, another state is added into the middle of the changing 
states, and this prevents error from occurring. When the number of fingers changes, if 
the changed state is maintained with a delay of three frames, then the state is registered 
as changed. 

 

Fig. 4.  Gesture state change graph 

3.5   Interaction Design 

There are a total of six gesture types that users can use. To enable the user to easily 
learn the operating method, in considering the gestures we sought natural motions or 
familiar motions of a common interface such as “Grasp” and “Click” of Table 1. Ta-
ble 1 presents the gesture descriptions. 

 

Fig. 5.  Design of gestures 

4   User Study 

To evaluate the constructed system, the test participants were required to fill out a 
survey after using the system. Seven users, ages 25 to 30, participated in the test. In 
order to aid users to make comparative evaluations, the testing was done with the 
additional inclusion of the TUI based and touchscreen methods. The tasks required of 
the participants were scaling, rotation and translation, the basic manipulations for 3D 
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Table 1. The detailed description of the three interactions used in the experiments 

 

objects. The details are presented in table 1. After verbally explaining to the partici-
pants how to do the manipulations, they were requested to do the test right away. 

4.1   Usability Survey and Result 

The participants were each requested do the same task employing 3 methods and then 
fill out the survey. The survey included six items of evaluation: easy to learn, intui-
tiveness, naturalness, immersion, accuracy of control, and preference. We surveyed 
the user response by employing seven interval scale items—1 for “very low,” 2 for 
“low,” 3 for “little low,” 4 for “medium,” 5 for “little high,” 6 for “high,” and 7 for 
“very high.” The results are shown in Figure 6. 

 

Fig. 6.  Result of the survey(avg) 
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4.2   Discussion 

First, regarding the question of manipulation accuracy, the users gave the highest 
evaluation to the touch screen method. The respondents considered manipulation to 
be relatively difficult in the remaining two methods. It appears that this was due to the 
difference in 3D and 2D interfaces as well as the existing experience of the users. 
Since all the participants had experience of using a touch screen, it was the method 
most familiar to them. Hence it required less supplementary instructions for learning 
how to use it. The other two methods, based on observing the users, showed that al-
though they listened to the instructions, their manipulations were awkward at the start 
and gradually improved as time passed. 

Next, the participants were asked how intuitive and natural each method was, and 
they gave the highest evaluation to the hand gesture method. They found there was no 
feeling of incongruity with this method since part of the body was directly used and 
the gestures were easy. The TUI method was not difficult, but they responded that 
using only a marker made it difficult to intuitively infer the method of use. The touch 
screen was found to have relatively less natural feeling. 

As for immersion, the participants gave the lowest evaluation to the touch screen 
and positive marks to the other two methods. This is due to the difference in interac-
tion space: for the TUI method and the hand gesture method, manipulation takes place 
directly in the physical space photographed as an image and the feedback occurs si-
multaneously; whereas, for the touch screen, the manipulation takes place in a 2D 
screen, but the interaction with the virtual object occurs in a real-time image (physical 
space). 

5   Conclusion and Future Works 

In order to enable users to natural control an enhanced GUI this paper researched a 
technology that recognizes hands and, with it, analyze gestures and provide interac-
tion. Finally, evaluation criteria were presented and comparative evaluation using a 
usability test was done on the system we created and the other two methods. The 
results of the evaluation showed that the users found our method as the most natural 
and intuitive interface. It was also confirmed that there is a need to improve the 
accuracy of system manipulation and that users prefer simpler gesture based method 
than is currently available. This technique is expected to be applied to an aug-
mented reality system in the future and be utilized as its interface for a more natural 
interaction.  
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