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1 INTRODUCTION

In recent years, R&D activity of smart car has acceler-
ated[1], [2]. This things advanced technical innovation of ve-
hicle ICT on-board unit, and they are expected that a user can
receive the benefits of the safety, comfortably, and energy-
saving performance of a car on high level.

However, as the negative effect of these benefits, the prob-
lem that the life cycle of vehicle on-board unit such as a car
navigation equipment becomes shorter than a car’s life cycle
has occurred. That is, if the user wants to receive the bene-
fits of the latest function, there is a problem that the user has
to continue buying the latest vehicle on-board unit at a short
period than a car’s life cycle. In order to solve this problem,
the ”terminal mode” which connects an in-vehicle informa-
tion system with highly efficient cell phone units, such as a
smart phone appeared[3].

However, because of a display panel of a smart phone is
too small to use in a car, it is not suitable for a driver and
passengers in a car. Thus, a device which has both a function
of display which has enough size to recognize information by
a driver and passengers, and a function of user interface to
input the operation information on the on-board unit, such as
a touch panel is necessary. For these purpose, the touch panel
which emulates the LCD panel of a smart phone has attached
in the car in the terminal mode. The user uses the display
panel which is attached on the dashboard of the car just like
the display panel of the smart phone for a user interface. In
order to realize the function of the terminal mode, the function
to transfer the information of which the information of the
finger touch event and the position information of the finger
at the moment that the finger is touched on the screen.

Thus, the purpose of this study is to offer a new technology
to solve these two subjects. In this paper, a new technology
to realize a function of the terminal mode using a small laser
projector and a camera both which were built in a smart phone
is described

2 CONVENTIONAL TECHNOLOGY

Although it was not developed for the automotive usage,
there is a conventional technology which can offer the func-
tion of the terminal mode using a very small projector and a
camera[4]. In the technology, the images are projected by the

projector to the screen. And, in order to offer the function of
the touch panel, the camera recognizes the hand which over-
lapped on the screen and its shadow[4]. However, this tech-
nology needs to enlarge azimuth difference between a projec-
tor and a camera in order to make both of shadows of a hand
and the hand on a screen recognize.

So, although this technology is suitable for the large-sized
projector used in a conference room etc., it is not suitable for
small devices like a mobile phone. Because a projector and
a camera both which are built-in such small equipment like a
mobile phone cannot make the azimuth difference enlarge. As
solution when there is little azimuth difference, there is tech-
nology to recognize the motion and number of color mark-
ers which is attached on a fingertip in advance by camera[5].
Since this technology can be used even if azimuth difference
is small, it is suitable for application to small devices. How-
ever, in this technology, the user who has not equipped a fin-
gertip with the color marker cannot control a picture. As men-
tioned above, in realizing technology of sharing a screen and
operation using the projector and camera which were built in
the mobile phone, the following issues are exists:

1. Detection of ”finger touch on the screen” by a small
device which has little azimuth difference

2. Detection of ”position of finger touch on the screen” by
finger with no marker

3 PROPOSED METHOD

In this paper, a new terminal mode system using smart
phone and the rear-screen is proposed to solve these prob-
lems. The basic composition of the proposal system is shown
in Figure 1.

Figure 1: Basic composition of the Proposal system
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In the proposal method, the images are projected by the
small projector built in the mobile phone from back side of
a translucent rear-screen. And when the screen is touched
by a user’s finger to control the system, the touch event and
the position of finger on the screen are detected by the small
camera also built in the smart phone. In order to detect the po-
sition of the finger which is touched on the screen, the amount
of change of each RGB pixels at some discrete points is ob-
served.

4 TEST IN THE LABORATORY

The performance of the proposed system is tested by ex-
periment. In this experiment, a mobile phone and a portable
projector were used. Both equipments are commercial prod-
uct. These two equipments are able to docking. So we con-
sidered that these are a set of equipment like a smart phone.
The resolution of a camera built in the terminal is 320×160
pixels, and the brightness of a projector built in the terminal
is 9 lumen. The screen is ”NTK vision”, a product of ”Nihon
Tokushu Kogaku Jushi”, and it has a Fresnel lens whose focus
length is 25 cm.

The internal composition of the terminal is shown in Figure
2.

Figure 2: Composition inside the Terminal

In evaluation, first, the projector projects two domains that
are colored with red and blue on same screen. Then, as shown
in Figure 3, the software of smart phone make the images
and projects either ”RED was selected” or ”BLUE was se-
lected” when the finger touch event of either one of the two
domain is touched by a finger is detected. And then, the im-
ages ”BACK” colored by green is projected. The software of
the terminal is programmed to return to the initial red and blue
image again when the green picture is touched by a finger.

Figure 3: Sequence of Image changes

In this evaluation, the evaluator carried out the sequence
of this operation 10 times at random, and the system perfor-
mance was evaluated by counting the number of times that
the change of the screen was performed correctly.

The results of the experiment are summarized in Table 1.
The number of the result is times of succeeding in the change
of an image per number of trial.

Table 1: Result
projection color 0 [lux] 700 [lux] 3000 [lux]

RED 8/10 10/10 8/10
GREEN 9/10 10/10 9/10
BLUE 9/10 10/10 9/10

5 SUMMARY

In this paper, first, the life cycle of vehicle ICT on-board
unit had shortened compared with the life cycle of the car
since the ICT accelerated vehicle ICT on-board unit is de-
scribed. And, the terminal mode which is appeared to solve
this problem, the following subjects to achieve this in the car
was described. The subjects are: 1) the method to absorb
distinction to resolution of screen on terminal and in-vehicle
display, 2) the means to transmit screen images generated by
the terminal to in-vehicle display, and 3) the means to achieve
function of touch panel.

Second, a system that solved these problems and achieved
the terminal mode was proposed. By the experiment test in
the environment of the illumination level of 0 lux and 3000
lux, the proposal system was confirmed that it work correctly
by the accuracy of about 80%.

For future work, the correspondence to arbitrary image,
various fingers, and various operations (slide, drag, drop, and
so on) are scheduled to be examined. Moreover, to make
generality higher, the method using the reflective type screen
and the method that can be used in outdoor environment are
scheduled.
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