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ABSTRACT

Transparent tablets have been introduced a lot of SF movies and the concept videos for future
technologies. There have been researches on user interface for transparent mobile devices, but only a
few researches on the implementation of the devices have been introduced. In this paper, we introduce
how we develop our transparent tablet, which consists of a transparent LCD and Raspberry PI 2. This
tablet is a mobile device, so that it should be small and light enough to be carried in everyday life.
Furthermore, it should support the applications which run on the traditional tablets, and applications
which are designed for the specific features of transparent tablets. The applications of transparent tablets
are classified into three groups according to their adaptability: level 0, level 1, and level 2. The
applications in "level 0" and "level 1" can provide unique services for transparent tablets, but
applications in "level 2" should have the supports from hardware and system software. Applications in
"level 1", such as drawing application, can be used for transparent tablets with "overlay" interaction
without any modification by changing its usage scenario. Therefore, the development of usage scenarios
for "level 1" and "level 2" will be the key point for the practical usefulness of transparent mobile
devices.
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Corning’s “A Day Made of Glass” [1]. With the
advent of transparent display, some transparent
mobile devices such as Sony Ericsson’s Xperia
and Lenovo’s S800 [3] was

introduced in the market. However, those devices

Pureness  [2]

was not so successful in the market, because they
did not provide practical usefulness.

There have been some researches on
transparent mobile devices, but most of them was
focused on user interface or user interaction for
the devices. LucidTouch[4] and tPad[5] are the
representative  existing researches. The existing
researches introduced good user interface pattern
and usage scenarios for transparent devices.
However, there have been only few researches on
transparent mobile device implementation or
software development issues for the devices.

In this paper, we introduce transparent tablet
implementation and software development for the
devices by extending our previous work [13]. For
the implementation, we elicit some requirements
and consider design issues for the device. Our
prototype tablet adopt an optical see-though LCD
for its display with IR touch panel, and
Raspberry PI 2 with a camera module. We also
consider software development. The tablet has
Linux platform, and all Linux applications run on
the tablet. We classify

applications into three groups according to their

transparent  tablet

adoptability: level 0, level 1, and level 2. Our
example application is a drawing application
which is a typical drawing application used in
desktop computer or tablet devices. Our
transparent tablet allows people to overlay the

transparent display on the exiting pictures and

trace the lines of the pictures.

This paper consists of five sections. In the
next section, we introduce other existing
researches on transparent or see-through tablet
computers. After then, we describe some design
and implementation issues for our transparent
tablet computer in Section 3. In Section 4, we
introduce some software issues for transparent
tablets, and finally we reveal our conclusions in

Section 5.

2. Related Work

Transparent tablets have been a dream device
in SF movies and in some future technologies
concept videos. For example, <Figure 1> shows a
conceptual transparent tablet computer in the
video, "A Day Made of Glass[1]." In the concept
video, a student gets the information of a deer by

looking the footprints through her tablet.

T2 1. "A Day Made of Glass" H|E| 29| & Ef S8l

Figure 1. A Transparent Tablet in "A Day Made of Glass" Video

There have been researches which are related
to transparent mobile devices. Those researches
are  categorized into  three  groups:  the

implementation of transparent mobile devices and
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user interface / interaction for the devices.

There are two types of see-through devices in
research. The first one is the tablet with an
opaque display, but it allows people to see its
back using the attached video camera. The most
well-known system of this type is LucidTouch[4].
LucidTouch has an opaque display, but it has a
camera at its back to monitor user’s hands and
fingers. Therefore, it allows people to show their
fingers’ locations in its back. <Figure 2> shows
the system architecture of LucidTouch. The main
purpose of the camera is to detect the locations

of user’s fingers.

Resistive Touch Screen

Camera ~N

—

~Touch Sensor
\-LCD Display

12l 2. LucidTouch 7=

Figure 2. Structure of LucidTouch

The second one is the tablets with transparent
display and its typical example is tPad[5]. Juan
and et al [5]
prototype  with transparent LCD. <Figure 3>

introduced transparent tablet

shows tPad, one of their transparent tablets. They
implemented transparent tablets and classified user
interaction techniques into four types: overlay,

dual display & input, surface capture, and

model-based interaction. They showed good
examples of interaction methods and applications

for transparent tablets.

T2 3. tPad2| 220 elE{2 M

Figure 3. tPad's Overlay Interaction

There were some commercial transparent
mobile devices: Sony Ericsson’s Xperia Pureness
[2]. It was released in 2009, and it had a
transparent 1.8 inch monochrome display. Another
similar device was Lenovo’s S800 model smart
phone, which was released in 2011 [3].

Our system has some similarities with other
transparent or see-through tablet in that people
can see the back of the tablet. However, we also
have some differences with other works. First, our
work differs from LucidTouch, because our
system adopts a transparent LCD rather than
video camera display. tPad[5] is very similar to
our work. However, our research focus is
different from that of tPad. Our research focuses
are on the issues in design and implementation of
the system. <Table 1> shows our work’s
similarity and difference compared to other

researches.
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Table 1. Comparison to the Existing Devices

Lucid- Our
Features Touch[2] tPasd[3] System
Trans- No Yes Yes
parency
Touch Yes Yes Yes
Camera Yes Yes Yes
U?:er View No No Yes
amera
CTablet Yes No Yes
omputer

Another related research area is transparent user
interfaces. There have been researches on user
interface for transparency. Eric A. Bier's toolglass
[6] is a see-though GUI widget which helps
people to manipulate visual objects. Wolfgang
Biischel’s research [7] introduced user interaction
scenarios for flexible and transparent display. They
proposed some new interaction patterns such as
Coner Bending, Twisting, Bend-Squeeze, and Stack
& Bend. Juan and et al. [8]’s another research
was about Contact Augmented Reality with
transparent display devices. Its prototype was
tPad, and with external camera, it provided
augmented reality on top of physical objects such
Gordon [9] also

paradigm  for

as map and documents.
introduced  GUI

Juan[11] also introduced interactive transparent

transparency.

exhibition cases using transparent  display.
Furthermore, there have been some devices using
transparent display. Samsung also has interests in
show window application with their transparent
display [12]. J'orn Loviscach [14] introduced the

concept of transparent blackboard.

3. System Design and Implementation

3.1 System Requirements

The main purposes of this project are 1)
development of a transparent tablet computer, 2)
validation of the use of transparent tablet in daily
life, and 3) development of applications for the
transparent tablet. To meet those purposes, we
have some requirements for the transparent tablet.

mR1. Portability: Transparent device should be

portable or carryable in daily life. Therefore
it should be a kind of a hand-held device.
mR2. Computing Power: It should have full
computing power, and it should be able to
be used as a computing device.
mR3. Transparency: It should be transparent
enough for people to see physical object
through its screen.

mR4. Clear Vision: It should support clear

visibility to see its content on the screen.

RS, Easy Manipulation: It should support

hardware and software facilities for users to
operate it with ease.

mR6. Direct Manipulation: It should support

hardware and software facilities for users to
manipulate physical objects which are seen
through the display.

Those requirements should be considered at

design and implementation phases to meet them.

3.2 System Design Issues

The system requirements mentioned in the
previous section should be considered in the
design phase. There may be several design

solutions for a requirement. However, in the
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design phase we should select the best solution to
meet the system’s purposes.

mDI1. Portability: For this requirement, the
tablet should be small enough to carry, and
not heavy. So we determine its size to be
10 inches, because most of the commercial
tablets are about the size. It also has a
touch pad and a camera as the commercial
ones have them.

D2, Computing Power: For the requirement,
we adopt Raspberry PI2 because it is small
but has full computing power. It supports
Linux operating system.

®m D3, Transparency: There can be two types
of see-through tablets as mentioned in the
section 2: an opaque tablet with camera and
an optical see-through tablet. We choose a
tablet with a transparent display because it is
the dream device in the movies. For the
transparent display, there are transparent
LCD, AMOLED, and OLED. We choose
LCD because the others are not available on
the market when we design the system.
Transparent AMOLED or OLED with big
size are on the market, but there are no
ones with 10 inch size.

m D4, Clear Vision: For this requirement, we
adopt the back light module. Transparent
LCD does not support clear images on its
screen, but the back light panel helps its
clarity.

®D5. Easy Manipulation: The tablet should be
easy to manipulate, so that it should support
touch interface. There are  several

technologies for touch panel, but we adopt

an IR-based transparent touch panel after
considering costs and market availability.
mD6.  Direct

manipulation, we adopt a camera at its back

Manipulation: ~ For  direct

to record the scene what people see. When
people see something through the tablet, the
camera can identify the thing by recognizing

it with the camera.

Our transparent tablet consists of a transparent
display, a transparent touch panel, Raspberry PI2
computer, and a camera as shown in <Figure 4>.
Because we adopt transparent display and touch
panel, users can touch its display for user

interaction.

Transparent

Display : Camera

Transparent
Touch Panel

Raspberry PI

a8 4. FYEEH 7Y M

Figure 4. Concept Design for a Transparent Tablet

3.3 Transparent Tablet Implementation

We implemented a transparent tablet with a
transparent LCD, Raspberry PI2 computer, a
camera, an IR touch panel, and a battery. <Figure

5> shows our transparent tablet front side.
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Figure 7. Using the Tablet
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Figure 5. Front of Our Transparent Tablet ) )
<Figure 8> shows that the tablet is transparent.

's h i he behi f the display.
<Figure 6> shows the back of our transparent User's hand is seen at the behind of the display

The LCD has 1 t that it
tablet. It shows IR touch panel board, AV board, ¢ LC as jow fransparency, S0 that 1

. sometimes requires backlight for clear view.
and a switch.

‘Board

a8 6 FYEIE3e AN

Figure 8. Transparent Display

Figure 6. Back of Our Transparent Tablet

4. Software Development for Transparent

<Figure 7> shows that the tablet works as
Tablets and Future Work

other normal tablet computers. Therefore, people

are able to utilize Linux applications in this
tablet. 4.1 Software Development
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Juan[5] proposed some unique interaction types
for transparent tablets, and the application which
adopt those interaction types should be developed.
For usefulness, transparent tablets should support
various applications including ordinary applications
and transparent display specific applications.

We classify the efforts to develop transparent
display specific applications into three groups:
level 0, level 1, and level 2. Applications in
“level 0” are the applications which are used as
the same way that they were used in the
traditional tablets.

“Level 17 applications are used in different
way with new usage scenarios, but they do not
require significant modification. For example, our
drawing application explained later is a normal
drawing application with touch events. But it can
be used as a picture tracing application with the
transparency feature.

“Level 2” applications are applications which
adopt new interaction or input events such as
dual touch. This type applications require system
level modification such as hardware and operating

system.

(&) Draving
[BRUSH size |

B~

T BRUSH PALLETE
BRUSH SIZE

SKETCH

b =N ="

Figure 9. Drawing Application

We test “overlay” interaction with “level 1” an
drawing application. It is implemented with Java,
and it handles touch events to draw a picture. It
can select colors and brush sizes. <Figure 9>
shows the drawing application. This drawing
application is an ordinary Java drawing
application.

With the ordinary Java drawing application,
people can draw a picture by tracing the original
picture which is located in the back of the
transparent display. <Figure 10> shows how to

draw a picture by tracing the original picture.

a2l 10. 22 a7

Figure 10. Drawing a Picture with Overlay

4.2 Limits and Future Work

Our prototype system has some limits as
mentioned by Simon Hill [10]: poor contrast, low
transparency, energy inefficiency for strong
backlight. Those limits are caused by adoption of
transparent LCD. The content on the display was
clear enough. Therefore, the transparent display
should be bright enough to see its content clearly.
In the next research, we will adopt AMOLED or
OLED transparent displays. We are working on

augmented reality, especially augmented reality
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with user perspective view[15].

5. Conclusions

Transparent tablets have been popular in SF

movies, but they are not so popular in the real

market because of their low practical usefulness.

However,

they are in the early stage of

development, and some practical usage scenarios

have been introduced in research.

In this paper, we introduced some requirements

and design issues for transparent tablets, and our

transparent tablet prototype. We also argued that

applications

are important for practical usage.

Therefore, we classified applications into three

levels

according to their adoptability to

transparent tablets. Applications in "level 0" and

"level 1" can be adopted to transparent tablets

without modification. Just the change of usage

scenario is enough to utilize the applications in

transparent tablet platform. In the near future,

transparent devices will be popular, and then our

models will be helpful on the development of the

applications.
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