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Abstract. In this research, we propose “Interlocked Surfaces”, which
supports cooperation work between different devices. The system offers
to connect different devices wirelessly and allow multiple users to view
and edit documents simultaneously. We have developed a technique to
share and view documents between different devices even they have dif-
ference screen sizes and resolutions. In a user study, we conducted exper-
iments to evaluate the usefulness of the system. The result shows that
users can perform the document inspection task more comfortably using
the proposed system.

1 Interlocked Surfaces

We propose “Interlocked Surfaces” in this paper. The main function of “Inter-
locked Surfaces” is to allow users to share, browse and edit information content
effectively and smoothly, when they are working together with different devices.
The system permits users to connect many different devices and to share the
contents among them.

When using the system, a user can use a tablet or smartphone device that
has a camera to capture video on other devices and tap on a particular device to
make connection. Depending on the functions of the devices, we call the devices
as “operating device” and “target device” respectively. See Figure 1.

After the user selected and connected a target device, then the information
of a target device will show on an operating device. After this step, the user can
operate the connected device remotely. And we call the connected target device
as “pairing device”.

1.1 Selecting Target Device for Pairng

Depending on whether the device has a camera or not, two different methods
for selecting a target device were developed.

If the operating device has a camera, then the user can capture the video on a
target device and select it on the image that shown on the operating device. All
available devices on the camera video will show as highlighted icons. The name
and owner information of the devices are also shown on the screen of operating
device (see Figure 1). The pairing action is intuitive that, the user can see the
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Fig. 1. The pairing through the video image

target device on the video image and simply taps on that device, and then the
pairing will complete. The augmented reality technique adopted here is helpful
to user when making device pairing. This technique is also proved by Gaze-line
metaphor [1].

While, on the other hand, if the operating device has no camera, the user can
select a target device from a list on the operating device screen.

In general, each of the devices can be a target device of the pairing. Thus,
many devices can connect together at the same time and share the same contents.
After a device connected to the target device, the contents of target device will
show on the operating device (see Figure 2). In that time, when new devices
want to make connection, no matter it selects either device as the target device,
it can get the same contents (see Figure 3).

Fig. 2. Shairing contents at the first pairing

1.2 Display Areas of Pairing Devices

In the first pairing of two devices, the content displayed on the operating device
(Figure 4(a)) will be shared with the target device(Figure 4(b)). And then, in
the next pairing, another operating device (Figure 4(c)) is able to connect to the
same target device (Figure 4(b)). In this time of pairing, the content shared in
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Fig. 3. Shairing contents after the second pairing

the first pairing will be shared with the new operating device again (Figure 4(c)).
Meanwhile, the frame of content displayed on each device is depending on the
resolution and size of the device screen. The display areas of pairing devices are
represented by rectangles (Figure 5). The red frame in the device A (Figure 4(a))
represents the displaying area of the device B (Figure 4(b)). The icon of a lock is
shown on the upper right of the frame. When the user taps on the icon, the lock
state will change. In the lock state (Figure 5(a)), the operating device cannot
be operated by other pairing devices. In the unlocking state (Figure 5(b)), the
operating device can be operated by other pairing devices.

Fig. 4. Display of each device

1.3 Interlock Manipulation

The user can perform many operations on the operating device even after it is
paired with another device. When a click or a tap is performed on the operating
device, the operation will also be performed on other pairing devices in the same
time.

In general, the scrolling and scaling operation are needed, and usually it is
not easy to be implemented. Therefore, we develop a technique to support these
two functions.
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Fig. 5. Frame

In the case of two pairing devices and a scrolling action is performed on the
smaller size device. First, the scroll positions of the both pairing devices are
located at the topmost part of the screen area (Figure 6(a)). After the user
started the scrolling, the display area on the smaller device moves continually to
the bottom of the display area on the bigger size device (Figure 6(b)). Finally,
the display area of the both pairing devices is interlocked and can be scrolled
together (Figure 6(c)).

In the same time, the user is able to change the scaling of pairing device by
using drag action (see Figure 8(b)). User can drag the sides or the corners of
the frame (Figure 7(a)8(a)) to perform the scaling and moving on the pairing
devices (Figure 7(b)8(b)).

Fig. 6. Interlock scroll

Fig. 7. Moving of pairing device’s view Fig. 8. Scaling of pairing device’s view
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2 Use Case

As an example, we assume a situation of four people who are gathered in a
conference room for reading and editing documents together. After each par-
ticipant paired own personal mobile device with large display of the conference
room, they read and edit documents collaboratively. When a participant edits
documents on the own device, the change will be reflected on the other devices.
Furthermore, participants can see the overview of documents effectively on the
large display.

3 Evaluation

We evaluated our proposed system to investigate its usability with the help of
10 subjects. All the subjects are graduate students of information science and
familiar with viewing documents on a touch panel.

3.1 Experiment Description

The subjects carried out the task of finding targets in the content by operating
the smart phone provided. The size of the smart phone screen is 3.5 inches. On
the screen, the combination of the alphabet of two characters is arranged in the
shape of a grid as shown in figure 9. The combination of alphabets is listed from

Fig. 9. Combination of the alphabet arranged in the shape of a grid
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left to right as AA, AB, AC,. . . , AZ, and top to bottom as AA, BA, CA, . . . ,
ZA. The width and height of the mass outside the combination of the alphabets
is 50 pixels and the total size of the content is 1300 pixels. The questionnaire
was performed after the end of the experiment. The items of a questionnaire are
as follows.

1. Do you feel it difficult to see while inspecting documents using a smart
phone?

2. Is the inspection comfortable while applying the proposed system?
3. Is the inspection comfortable without applying the proposed system?

To answer the question we use five-level likert scale and asked the reason of
answer for each item in the questionnaire. The first level denotes worst evaluation
and fifth level denotes the best evaluation. We defined two scenarios for subjects
to operate with smart phone. In scenario A, the subject performs the task only
using a smart phone (figure 10). In scenario B, a subject performs the task using
the proposed system in which the smart phone is cooperated with a 23-inch
display (figure 11). Before starting the task, all the subjects performed practice
for getting used to the system.

Fig. 10. Signs that the task is carried out
on the conditions A

Fig. 11. Signs that the task is carried out
on the conditions B

3.2 Result of Experiment

The result of the questionnaire is shown in figure 12. We show standard deviation
using the error bar. The average points for the first question were 4.5, while for
the second and third question we obtained 3.8 and 2.4 respectively. The result
of the questionnaire shows that the subjects were able to perform the inspection
of the document more comfortably using the proposed system.
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Fig. 12. The result of questionnaire

3.3 Consideration

Many smart phone users feel that the inspection of the documents by using the
smart phone only is uncomfortable. Therefore, it is useful to extend the screen
area of the smart phone. Our experiment showed that users are convinced with
the idea of using the extended screen.

4 Implementation

This system is implemented as an add-on of a web browser in order to make avail-
able on variety of devices regardless of the Operating System. Pairing devices
connects and communicates with each other through the server application.

5 Related Work

5.1 Studies Used Multiple Devices as One Screen

Many systems which cooperate multiple devices and utilize as one screen were
proposed in [2]. Kurihara, et al. [3][4] proposed the system which cooperate mul-
tiple devices for presentation. This system is suitable for a one-way transmission
of information from a presentor to audience. Our system can transfer documents
bidirectionaly as well as used for collaborated work within multiple people. Nam,
et al. [5] proposed the system which constructs one large screen by multiple dis-
play in the form of tiles. This system focuses on the presentation of documents.
Our system can also edit documents by multiple people.
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5.2 Collaboration Technique of Multiple Device

Collaboration techniques of a private device and public device are researched in
the past. Touch Projector [6] is the system which can operate another devices
remotely through the video image of the smart phone. Virtual Projection[7] is the
system which can view and edit documents by cooperating smart phone and large
display. The main features of previous research include expanding the view area
and facilitating information browsing of multiple users by collaborating private
device with public device. We take advantage of these features in our research.
Furthermore, we built a system which facilitates content browsing and operates
processes between multiple users by performing hybrid collaboration of multiple
personal devices. Shoot & Copy[8] is the system that can transfer contents from
public large display to private smart phone by touching large display through
video image of smart phone. This system is only able to get documents from
public devices to personal devices. Our system can ransfer documents mutually.

6 Conclusion

In this paper, we described the development of “Interlocked Surfaces”. The sys-
tem supported users to connect different devices wirelessly, and view and edit
documents by multiple users. The augmented reality approach was used for mak-
ing device pairing, which is effective and intuitive for users. We also conducted
experiments to evaluate the proposed system. The results showed that our sys-
tem is feasible and useful in a cooperation work scenario.
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