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Abstract. Tele-collaboration can allow users to connect with a partner or their 
family in a remote place. Generally, tele-collaborations are performed in front 
of a camera and screen. Due to their fixed positions, these systems have 
limitations for users who are moving. This paper proposes an augmented-
reality–based DigiLog Space Generator. We can generate interested space and 
combine remote space in real time ensuring movement. And our system uses 
reference object to calculate scale of space and coordinates. Scale and 
coordinates are saved at Database(DB) and used for realistic combination of 
space. DigiLog Space Generator is applicable to many AR applications. We 
discuss the experiences and limitations of our system. Future research is also 
described. 
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1 Introduction 

Tele-collaboration technology aims at connecting users in different locations through 
a network to achieve common goals efficiently by working together. Typical tele-
collaboration at present involves a user who communicates with remote participants 
and shares digital information in front of the screen. There are many applications for 
tele-collaboration: Users "attend" Web conferences with a company partner far away, 
using video conference or data conference systems; teachers and students look at the 
same data and study together in their own home or office; and so on. In recent years, 
tele-medicine enables a distant doctor to provide medical treatment to a patient in his 
or her own home. These tele-collaboration technologies can overcome the spatial 
limitations of traditional collaboration, because it can allow collaborators to transcend 
space. Moreover, tele-collaboration requires no expenditures of time and money for 
attending meetings.  

However this experience of remote collaboration is mainly possible within a 
spatially limited environment where users do not move. For example, in a 2-D display 
environment, users in fixed location can write and draw together with a remote 
participant or show marker based-AR information using a monitor or a large display 
[1-3]. In 2.5-D display environment, users can collaborate in a limited 3-D 
environment using a curved screen that has been installed in a fixed location [4]. On 
the other hand, multiple cameras or depth cameras are used in a 3-D display 
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structure-from-motion (SFM) method. A DigiLog Space is then defined by a user in 
the physical environment. We model only interested partial space for real time and 
share information selectively. Information outside the space can be hidden using an 
occlusion effect by generating partial space. We can define a space range that we 
want to share. 

The modeling of an object of interest (OoI) is an important cue to combine remote 
space and bring augmented information. First we set the reference coordinates on the 
OoI, because the reference coordinates of space are needed to bring in the remote 
shared space and AR information. When the user selects a bottom-line reference 
object, reference coordinates are made at the bottom left corner of an OoI by refining 
coordinates. Therefore, the OoI is modeled and tracked separately based on the 
generated DigiLog space, with its own coordinate system. For this, multiple feature-
vocabulary trees are managed for the space and the objects[10]. If we input the 
physical scale of the OoI, our system calculates the scale of a generated space using 
scale of OoI. We know the physical scale of the mirror world and save that scale at 
DB. We assume that the user and partner use common OoI as reference objects. The 
modeled, common OoI has the same feature map, scale, and coordinates, so we can 
combine difference spaces suitably. In other words, multiple DigiLog spaces are 
synchronized through connected coordinates. Therefore, sharing of AR information in 
real time is possible in a combined space.  

The whole scenario of the DigiLog space generator is shown in Figure 3. User “A,” 
wearing video see-through HMD, generates his own space and models OoI in situ 
with the HMD camera and a handheld input device. Input from user “A” in the real 
world makes the mirror world “A” at the same time. So user “A,” wearing HMD, can 
see the real world with the mirror world. Then user “B” combines her DigiLog space 
with remote space “A” based on a modeled dragon poster as a reference object created 
by the DigiLog Space Generator. User “B,” wearing HMD, can see both the virtual 
information from herself and from user “A.” Therefore user “B” can share 3D 
information and live communication in the 3D environment while walking. But there 
is a limitation in that the reference object is always seen in the user’s view. 

3 Experiment and Implementation 

To verify the performance of the DigiLog Space Generator, we measured the 
accuracy of generated space. We compare scale of physical space and generated 
space(mirror world) for measuring accuracy. Minimizing the error between of spaces 
is important to combine realistically. In our experiment, we set the partial space for 
the experiment as shown in Figure 4. The yellow box shape indicates our partial 
space. To make the space, the user generates coordinates at a reference object (the 
poster) through input. Next, the user touches four corners of the front wall to generate 
a plane. Finally, the plane is extruded by user interaction. Then scale of generated 
space is calculated and stored at DB. The user conducts the generating-space 
experiment 10 times. 
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Fig. 6 shows an implementation of DigiLog space combination. A user combines 
his or her space with remote space based on modeled objects. This combined DigiLog 
space enables sharing 3-D information and live communication.  

 

Fig. 6. A user exploits a video see-through HMD for modeling, tracking objects of interest, and 
sharing DigiLog space. And user can collaborate with remote partner with AR information in 
combined space. 

4 Conclusion 

In this paper, we introduce a novel AR-based tele-collaboration technology. Our 
method is more effective than a conventional, immovable video-conferencing system 
using cumbersome equipment and installations. We can generate interested space and 
combine space in real time. Our system can be used at home, or the classroom, and in 
other installations. For accurate combination, we use a common reference object. The 
reference object is important for knowing coordinates and scale of space. So our 
system can synchronize multiple DigiLog Spaces easily with coordinates and scale 
information.  

Currently there are limitations for implementation. Our system does not work well 
in environments that have repetitive textures, or no textures. And generated space and 
virtual information are unstable if the OoI is occluded. An ambiguous scale of the z 
axis is also problematic. For future work we plan to use an RGB-D feature map, 
including color and depth information, for modeling and tracking. This will make 
generated space more stable under featureless and variant lighting environments, 
rather than using RGB feature points only. And if we use a depth value when 
generating space, the user will have a z scale, obviously. 

Once our system is updated it can be applicable to many AR applications including 
experimental education, urban planning, military simulation, collaborative surgery, etc. 
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