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(57) ABSTRACT

An electronic apparatus includes first and second display
devices having first and second display screens held in first
and second housings, respectively. The second display
screen is provided with a sensor which generates an output
signal determining an input area in response to an external
predetermined input to the second display screen. The first
and second housings are connected together by a connecting
mechanism so that an opening angle between the first and
second housings can be adjusted. A first interface image is
displayed on the second display screen. An instruction input
to the interface image is determined on the basis of a sensor
output signal. In response to the instruction input, a second
display image is displayed in place of the first display image.
In response to the instruction input, a second interface image
is displayed in place of the first interface image.
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ELECTRONIC APPARATUS HAVING UNIVERSAL
HUMAN INTERFACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2004-233643, filed Aug. 10, 2004, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to an electronic appa-
ratus having a universal human interface, and in particular,
to improvements in a user interface for a portable informa-
tion apparatus having a planar display device and a device
that allows a user to provide inputs using the user’s finger or
a stylus.

[0004] 2. Description of the Related Art

[0005] Notebook personal computers, PDAs, cellular
phones, and the like are known as typical electronic appa-
ratuses having user interfaces. For example, a conventional
notebook personal computer comprises, as a user interface,
a display such as a liquid crystal display which displays
characters, graphics s, and the like on a plane surface, and
a keyboard that allows a user to input characters by depress-
ing keys arranged in a predetermined manner, as described
in Jpn. Pat. Appln No. 1997-130935. In such a notebook
personal computer, the display and the keyboard are held in
respective independent housings, which are foldably con-
nected together using hinges. When the notebook personal
computer is used, the keyboard is placed on a plane almost
parallel to a desk surface by appropriately adjusting the
hinge angle of one of the housings to that of the other, both
housings being placed on the desk surface. The display is
placed so as to face the user. The user can input characters
from the keyboard and move a cursor by operating keys on
which arrows are printed. A pointing device called a touch
pad is provided on the surface of the housing in which the
keyboard is installed; the touch pad is located farther from
the hinge than the keyboard. The user can move the mouse
cursor by touching this pointing device with his or her
fingertip. Available pointing devices include a stick system
that allows the user to move the mouse cursor by using his
or her finger to exert a force on a stick provided near the
center of the keyboard.

[0006] In general, for portable electronic apparatuses,
portability is inconsistent with operability and visibility
associated with ease of use. It has thus been desirable to
make portability consistent with ease of use. That is, the
notebook personal computer is an information apparatus that
the user carries with him or her for use. Accordingly, the
sizes of the housings are important specification items.
Obviously, the display area of the display decreases consis-
tently with housing size. Further, when the notebook per-
sonal computer is equipped with a keyboard having a key
arrangement and a key number significantly different from
the standards, the general-purpose properties of the note-
book personal computer are degraded. Consequently, the
key pitch of the keyboard decreases consistently with hous-
ing size. The consistence between portability and the human
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interface is very important for the notebook personal com-
puter. Thus, notebook personal computers are classified into
a category including what is called full-size notebook per-
sonal computers which are inferior in portability and which
have large housings, a large screen, and almost the same key
pitch as that of desktop computers and a category including
notebook personal computers having mobile housings which
are small and easy to carry out but which have a small-sized
screen, a small key pit, and a small touch pad area, that is,
an inferior human interface. The user selects the category to
which the personal computer the user is to purchase belongs,
assuming a situation in which the personal computer is most
frequently used. Also in this regard, for portable electronic
apparatuses, portability must be compatible with ease of use.

[0007] For portable electronic apparatuses, it is desirable
to improve the operability of the pointing device. To move
the mouse cursor on the screen using the touch pad, the user
must move the mouse cursor within a plane much smaller
than the screen by moving his or her finger. This pointing
device is considered to offer operability inferior to that of a
mouse connected to the notebook personal computer and
which can be moved to a larger extent than the touch pad in
controlling the mouse cursor. Similarly, to move the mouse
cursor using the stick, the user must use the force of his or
her finger to adjust the movement of the position of the
mouse cursor. This pointing device is considered to offer
operability inferior to that of a mouse connected to the
notebook personal computer and which can be moved to a
larger extent than the stick in controlling the mouse cursor.

[0008] The mouse, which is externally installed, is easier
to operate than the touch pad, which is incorporated into the
notebook personal computer because it allows the user to
use a larger area than the touch pad. However, disadvanta-
geously, the user must move his or her arm quite a long
distance in a horizontal direction from the keyboard, from
which the user commonly provides inputs using both hands,
to the mouse, which is operated with the user’s right or left
hand. Further, when it is difficult to operate the computer
using the mouse, hardware such as a joy stick or a game pad
must be mounted on the computer as an external input
device, the hardware being specialized for software. Such
hardware may not offer sufficient general-purpose properties
and is likely to be infrequently used. Disadvantageously, the
cost effectiveness of the device introduced by the user is
virtually low. Further, manufacturing many devices infre-
quently used may lead to contamination of environment and
consumption of resources. Also in this regard, the use of
such hardware is not preferable.

[0009] Notebook personal computers are also commer-
cially available which have an electromagnetic or pressure-
sensitive touch panel lying on top of an LCD panel so that
direct touch with the screen enables the position on the
screen to be input. However, with such a notebook personal
computer, when inputting characters, while editing the input
characters using the pointing device, the user must fre-
quently move his or her arm a relatively long distance
against gravity from the keyboard to the screen. This is
disadvantageously inappropriate if both keyboard and point-
ing device are frequently operated.

[0010] Further, such a notebook personal computer
enables the user to input characters by displaying a software-
based keyboard on the screen and depressing virtual keys.
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However, the keyboard is almost two-dimensionally placed
on a desk surface, and the display surface is placed at an
angle with the desk surface so as to face the user. As is easily
understood from this arrangement, the angle of a plane
suitable for input is different from that of a plane suitable for
viewing. There is a limit to the improvement of the input
environment based on the addition of the touch panel
function to one display.

[0011] Moreover, it is desirable to adapt the portable
electronic apparatus to a particular situation so that the
apparatus can be used easily in that situation. In general, the
keyboard arrangement is specified. Accordingly, when the
keyboard is utilized for a particular task, the fixed arrange-
ment may disadvantageously be unsuitable for improving
work efficiency. For example, the user may carry the note-
book personal computer with him or her in order to process
personal information. In this example, information stored in
the notebook personal computer may be shown to a person
different from the user. In some cases, a person different
from the user may be allowed to perform a simple operation
to execute a specified process on the basis of a procedure
stored in a server on the network to which the notebook
personal computer is connected, thus providing outputs
constituting services. In other cases, subsequent business
activities for articles or insurances may be based on these
outputs. In such an example, not all the keys of the keyboard
are required in the site where the user carries the notebook
personal computer with him or her. Further, the client may
provide incorrect input. If it is inconvenient to be able to use
all the key inputs, the notebook personal computers manu-
factured by the current techniques offer no solutions. The
possibility of incorrect operations can be reduced by allow-
ing the client to operate only the previously described touch
panel-installed display. However, the presence of the key-
board may hinder fundamental solutions. To solve this, a
portable personal computer has been provided which has no
keyboard and which is composed of an externally rectan-
gular housing comprising a display and the minimum
required input device such as a power supply switch. How-
ever, adapting the hardware only to a particular situation
may degrade general-purpose properties. Specifically, when
the user carries the apparatus to the client with him or her
and if the client suddenly changes the contents of the
operation, it is difficult to deal with this change with the
above computer. Further, the user normally places paper flat
on the desk when writing characters on the paper with a
pencil. When reading a book, the user holds the book in his
or her hand so that his or her line of sight is perpendicular
to the print surface of the book. As is apparent from this
behavior, the angle of a plane at which the user can easily
input characters with his or her finger or a pen is different
from that of a plane at which the user can easily read
information displayed on the plane. This may disadvanta-
geously tire the user. Moreover, for the electronic appara-
tuses, the user interface desirably meets users’ individual
requirements. That is, the input device needs to flexibly
conform to the physical properties or preferences of users. It
is well known that the size of each part of the human body
varies. The input device such as a common keyboard or
mouse has fixed dimensions. Consequently, a comfortable
work environment cannot be realized unless the user pre-
pares an input device of a size suitable for himself or herself.
However, in the notebook personal computer, the keyboard
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is integrated with the main body. Thus, disadvantageously,
the user cannot adjust the key pitch or arrangement.

[0012] The interface for the electronic apparatus can desir-
ably provide a quieter environment. That is, when the user
inputs characters from the keyboard, typing sounds occur.
Accordingly, the keyboard is inconvenient for taking notes
in a situation where making noise is not preferable, for
example, in a library or during a class in school. It is thus
desirable to enable input while maintaining a quiet environ-
ment.

BRIEF SUMMARY OF THE INVENTION

[0013] TItis an object of the present invention to provide an
electronic apparatus which is excellent in portability, oper-
ability, visibility, and reliability.

[0014] According to an aspect of the present invention,
there is provided an electronic apparatus comprising:

[0015] a first display device comprising a first housing
and a first display screen which is held in the first
housing;

[0016] a second display device comprising a second
housing and a second display screen which is received
and held in the second housing, the second display
screen comprising a sensor which generates a sensor
output signal depending on an input on the second
display screen;

[0017] a connecting mechanism configured to connect
the first and second housings together and capable of
adjusting an opening angle of the first housing with
respect to the second housing;

[0018] a display processing section configured to dis-
play a first display image on the first display screen and
a first interface image on the second display screen;

[0019] adetermining section configured to determine an
instruction to the interface image on the basis of the
sensor output signal; and

[0020] a control section configured to control the dis-
play processing section in response to the instruction to
cause a second display image to be displayed in place
of the first display image and control the display
processing section in response to the instruction to
cause a second interface image to be displayed in place
of the first interface image.

[0021] According to another aspect of the present inven-
tion, there is provided a foldable display device comprising:

[0022] a first device having a first display screen to
display application images;

[0023] a second device having a second display screen
to display interface images and an input sensor pro-
vided around the second display screen to sense an
input position of touching or a movement on the second
display screen;

[0024] a connecting mechanism configured to arbi-
trarily set an angle of the first display screen of the first
device and the second display screen of the second
device and to be capable to be folded,;
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[0025] an input processor to converting an input posi-
tion sensed by the sensor into an input data to the
display processor, and

[0026] a display processor to generate application
images to be displayed on the first display screen and
interface images to be displayed on the second display
screen,

[0027] wherein the display processor generates a first
interface image indicating distinctly displaying the
input position after receiving the input data on the
second display screen, and generates a first application
image reflecting the input data on the first display
screen.

[0028] According to yet another aspect of the present
invention, there is provided a portable computer, compris-
ing:

[0029] a flat panel having a first display panel and a
second display panel, that is foldable along a centerline
and that a surface of the second display panel
approaches to a surface of the first display panel when
they are folded;

[0030] a touch panel sensor provided at least on a
second display panel to detect a user’s input operation;

[0031] a display processor to supply display data to the
first display panel and the second display panel; and

[0032] a display controller to control the display pro-
cessor in at least two modes comprising,

[0033] afirst mode where the display processor supplies
an application image to the first display panel while
supplying an interface image to the second display
panel so as to use the second display panel as an input
device, and

[0034] a second mode where an application image is
divided into two part and one part of the application
image is supplied to the second display panel and the
other part of the application image is supplied to the
first display panel so as to use the first and second
display panels as a one extended screen.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0035] FIG. 1 is a perspective view schematically show-
ing a notebook personal computer as an example of a
portable electronic apparatus according to an embodiment of
the present invention;

[0036] FIG. 2 is a sectional view schematically showing
the internal structure of the notebook personal computer
shown in FIG. 1;

[0037] FIG. 3 is a block diagram showing a driving circuit
that drives a touch panel-equipped LCD panel of the note-
book personal computer shown in FIG. 1;

[0038] FIG. 4 is a flowchart showing control with which
a key code is output in response to an input to a virtual
keyboard displayed on the touch panel-installed LCD panel
of the notebook personal computer shown in FIG. 1;

[0039] FIG. 5 is a sectional view schematically showing
the structure of an illuminating mechanism incorporated into
the notebook personal computer shown in FIG. 1;
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[0040] FIG. 6 is a sectional view schematically showing
another structure of the illuminating mechanism incorpo-
rated into the notebook personal computer shown in FIG. 1;

[0041] FIG. 7 is a perspective view schematically show-
ing how a document is displayed on two screens according
to another usage of the notebook personal computer shown
in FIG. 1;

[0042] FIG. 8 is a perspective view schematically show-
ing an interface display according to yet another usage of the
notebook personal computer shown in FIG. 1;

[0043] FIG. 9 is a perspective view schematically show-
ing usage of a notebook personal computer as an example of
a portable electronic apparatus according to another embodi-
ment of the present invention;

[0044] FIG. 10 is a perspective view schematically show-
ing usage of a notebook personal computer comprising a
gravity sensor as a portable electronic apparatus according
to yet another embodiment of the present invention;

[0045] FIGS. 11A and 11B are perspective views sche-
matically showing usage of a notebook personal computer as
an example of a portable electronic apparatus according to
still another embodiment of the present invention;

[0046] FIG. 12 is a perspective view schematically show-
ing another usage of the notebook personal computer shown
in FIG. 1;

[0047] FIG. 13 is a perspective view schematically show-
ing a notebook personal computer comprising a silicon on
glass structure as an example of a portable electronic appa-
ratus according to further another embodiment of the present
invention;

[0048] FIG. 14 is a perspective view schematically show-
ing usage of a notebook personal computer comprising an
input display function a as an example of a portable elec-
tronic apparatus according to further another embodiment of
the present invention;

[0049] FIG. 15 is a perspective view schematically show-
ing usage of a notebook personal computer comprising an
input display function a as an example of a portable elec-
tronic apparatus according to yet another embodiment of the
present invention;

[0050] FIG. 16 is a perspective view schematically show-
ing usage of a camera-installed notebook personal computer
as an example of a portable electronic apparatus according
to still another embodiment of the present invention; and

[0051] FIG. 17 is a perspective view schematically show-
ing usage of a camera-installed notebook personal computer
as an example of a portable electronic apparatus according
to further another embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] With reference to the drawings, description will be
given of an electronic apparatus having a universal human
interface according to an embodiment of the present inven-
tion.

[0053] FIG. 1 is a perspective view schematically show-
ing a notebook personal computer as an example of a
portable electronic apparatus according to an embodiment of
the present invention.
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[0054] As shown in FIG. 1, the notebook personal com-
puter is made portable by foldably connecting a first housing
2 and a second housing 4 together using hinges 6A and 6B
and folding the first housing 2 over the second housing 4 to
lay the first housing 2 on top of the second housing 4.
Further, as shown in FIG. 1, the first housing 2 is opened
with respect to the second housing 4 so that a user can
operate the notebook personal computer while viewing the
first housing 2 and the second housing 4. That is, the user can
place the second housing 4 on a desk surface and use the
hinges 6A and 6B to appropriately adjust the angle of the
first housing 2 so that the user can easily view an LCD panel
in the first housing 2.

[0055] The first housing 2 has the LCD (liquid crystal
display) panel 8 installed in its frame 10 to display images,
characters, and the like. A driving circuit (not shown) is
stored in the housing 2 to drive the LCD panel 8. Further, in
addition to the LCD panel 8, an antenna for wireless LAN
or radio communication such as Bluetooth is stored in the
first housing 2. The LCD panel 8 displays a pointer 12 used
to select any of icons shown as images or characters. The
pointer 12 can be used to make any of the icons active to
operate the related application.

[0056] In the second housing 4, rubber pads 14A and 14B
are applied to the surface of the frame 10 as a cushioning
material so as to prevent the first housing 2 and the second
housing 4 from being shocked when they are folded.
Accordingly, the rubber pads 14A and 14B absorb an
external shock applied when the notebook personal com-
puter is folded or carried. This prevents the first housing 2
and the second housing 4 from being damaged by the shock.

[0057] The second housing 4 has a touch panel-installed
LCD panel 18 installed in its frame 16. The touch panel-
installed LCD panel 18 includes a pressure-sensitive touch
panel laminated to an LCD panel (liquid crystal display
device) used to display images, characters, and the like. The
second housing 4 stores a driving circuit (not shown) that
drives the LCD panel of the touch panel-installed LCD panel
18 and a detecting circuit (not shown) that detects an input
to the touch panel. Further, the second housing 4 has a
built-in motherboard on which a CPU and a memory are
mounted, and a drive device such as an HDD. The housings
2 and 4 supply power to each other and exchange informa-
tion with each other via a bundle of electric wires passing
through the neighborhood of the center of a shaft of each of
the hinges 6A and 6B.

[0058] The touch panel-installed LCD panel 18 displays a
virtual keyboard 20 corresponding to a keyboard image that
can be used to input characters or the like by providing key
input as with common keyboards. That is, an input to the
touch panel is replaced with a code or the like which is
generated when the corresponding key of the common
keyboard is depressed, on the basis of the relationship
between the input and the corresponding display image. The
code is then input to a CPU in the notebook personal
computer main body, where the code is then subjected to
software processing. Then, the resulting image is displayed
on the LCD panel 8. In this manner, emulation of the
mechanical keyboard may be implemented by a special
electronic circuit that controls the touch panel-installed LCD
panel. Alternatively, it may be implemented by processing
executed by software such as firmware. The user may create
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the keyboard image in bitmap form. Further, the touch
panel-installed LCD panel can be used as an interface in a
form different from the keyboard as described later.

[0059] The touch panel-installed LCD panel 18 displays
not only the virtual keyboard 20 but also a virtual mouse 22
operated similarly to a common mouse to move a pointer
position or make any icon active. That is, an image corre-
sponding to the mouse 22 is displayed in a screen on which
the keyboard 20 is displayed. The user uses his or her hand
to touch and depress a part of the touch panel corresponding
to the displayed position of the virtual mouse 22, to move the
virtual mouse 22. This results in a setting such that the entire
touch panel is used as an area in which the virtual mouse can
move. In this case, even if the virtual keyboard is depressed
during the operation of the virtual mouse 22, this is not
recognized as a key input. When the user’s hand remains off
the virtual mouse 22 for a specified time, the virtual mouse
moves to the lower right of the touch panel-installed display
18, shown in FIG. 1, to wait for an operation. Then, an input
can be provided to the virtual keyboard 20. Of course, the
standby position of the virtual mouse 22 is not limited to the
lower right of the touch panel-installed display 20 but can be
arbitrarily set by the user. Further, by making the displayed
virtual mouse 22 smaller while it is standing by than while
it is being used, as in the case of the icons, it is possible to
reduce the possibility that the virtual mouse 22 will interfere
with an input area for the virtual keyboard 20. If the
standing-by virtual mouse 22 is displayed as an icon, then
tapping the icon enables the virtual mouse 22 to be displayed
near the icon in the use-time size.

[0060] The following action may be taken instead of
causing the virtual mouse 22 to stand by while it is not used:
upon sensing the thenar eminence, hypothenar eminence,
index finger, and middle finger of one hand touching the
touch panel and moving over the touch panel 20 while
maintaining the same positions, the computer may deter-
mine that the virtual mouse 22 is being operated. In this case,
the virtual mouse is displayed on the touch panel-installed
LCD panel 20 so that a pointer on the screen can be moved.
Further, the computer can be allowed to determine, on the
basis of the pressure of the finger, whether a button is being
pressed or the finger is off the button, to perform a click
operation. Further, when one of the fingers moves in a way
that the distances from this finger to the thenar eminence and
to hypothenar eminence change, the computer may deter-
mine that this input indicates that a wheel has been moved.
In this manner, as in the case of the common mouse, an
output from the virtual mouse is provided to the CPU in the
personal computer main body, where it is subjected to
software processing. The results of the software processing
are displayed as an image on the LCD panel 8.

[0061] In this case, when the virtual mouse 22 moves onto
the virtual keyboard 20, it may be displayed on top of the
virtual keyboard 20 so as to appear translucent or opaque.
Further, when the virtual mouse 22 or the virtual keyboard
20 is touched, the brightness, color, or image contrast of the
touched input area may be changed depending on the
intensity of the input to the touch panel. Furthermore, if any
line or character is already displayed in an input area when
the virtual mouse 22 or the virtual keyboard 20 is touched,
the thickness of the line, the size of the character, or the font
may be changed. A sound may be generated which corre-
sponds to the virtual key displayed in the input area.
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[0062] Further, the touch panel-installed LCD panel 18
can display other icons 24A and 24B and the like as required
and also display images, characters, and the like without
showing the virtual keyboard 20 similarly to the LCD panel
8. A combination of the LCD panel 8 and the LCD panel 18
provides a larger work area than with common personal
computers. On the touch panel-installed LCD panel 18, the
icons 24A and 24B may be displayed on top of another
image. When displayed on top of another image, the icons
24A and 24B may be translucent or opaque.

[0063] In the above embodiment, the touch panel-installed
LCD panel 18 senses a contact pressure on the basis of the
contact area. However, obviously, the touch panel-installed
LCD panel 18 may be able to sense the pressure exerted
directly on a touch panel 18T. Similarly, the touch panel-
installed LCD panel 18 may be able to electromagnetically
sense a touch with the touch panel 18T. The electromagnetic
type adopts a sensor that can detect the intensity of electro-
magnetic waves on the touch panel 18T to sense a touch on
the basis of a change in intensity.

[0064] The second housing 4 is assembled in the following
manner: the panel surface of the touch panel-installed LCD
panel 18, installed in the second housing 4, is flush with the
top surface of the frame 16 of the second housing 4 so that
no step is formed between the panel surface of the LCD
panel 18 and the frame 16 of the housing 14. Since there is
almost no step between the surface of the LCD panel in the
housing and the surface of the second housing, the move-
ment of the user’s hand is not hindered by steps at the ends
of the panel when the virtual mouse is operated.

[0065] With the conventional notebook personal com-
puter, the pointer moving all over the screen is operated by
moving the user’s finger in a small area such as the touch
pad, which is at most several centimeters by several centi-
meters square. This is considered to be disadvantageous in
the accuracy of operations. However, with such a notebook
personal computer as shown in FIG. 1, an area almost equal
to the size of the housing can be used as a pointing device.
Consequently, operability is expected to be drastically
improved.

[0066] In the embodiment shown in FIG. 1, the LCD
panel 8 in the first housing 2 is not provided with any touch
panel. However, it may be provided with a touch panel
similarly to the LCD panel in the second housing 4.

[0067] If icons used to activate applications or indicating
files, folders, or the like are arranged on the touch panel 18,
it is possible to equally perform a series of operations for
operating the keyboard and an operation for clicking any of
the icons. This eliminates the need for a change in input path
which is effected by, for example, taking the user’s hand off
the keyboard and operating the pointing device as with the
common notebook personal computers.

[0068] When the notebook personal computer shown in
FIG. 1 is used, the second housing 4, which houses a circuit
board 36 provided with a semiconductor element 34, is
placed on a desk surface 30 as shown in FIG. 2. Then, the
angle of the LCD panel 8 is appropriately adjusted utilizing
the hinges 6A and 6B so that the user can view the LCD
panel 8 easily. If there is a large angle between the direction
of the line of sight 28 of the user 30 and the normal 26 of
the LCD panel 18, provided in the second housing 14, and
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external light incident on the panel 18 is reflected to make
the display on the L.CD panel 18 difficult to view, a tilt stand
32 can be used to adjust the angle. Adjustments with the tilt
stand 32 are insufficient to set the angle of the second
housing 4 set as freely as the holding angle of the first
housing 2.

[0069] The touch panel-installed panel 18 is normally
composed of a touch panel 18A stacked on a liquid crystal
display section 18B. If the line of sight 28 of the user 30
coincides with the direction of the normal 26, the depressed
position of the touch panel 18A matches a display position
on the liquid crystal display section 18B. However, if there
is a certain angle 0 between the line of sight 28 of the user
30 and the direction of the normal 26, the depressed position
of the touch panel 18A does not match the display position
on the liquid crystal display section 18B. The depressed
position is misaligned with the display position. To deal with
this problem, the relationship is preferably established such
that the input position on the touch panel deviates from the
position corresponding to the display section 18B. That is,
with the certain angle 0 between the line of sight 28 of the
user 30 and the direction of the normal 26 taken into
account, if a position on the touch panel 18A lying on an
extension of the line of sight is depressed, an instruction is
preferably given on a display position in the liquid crystal
display section 18B also lying on the extension of the line of
sight 28.

[0070] In this case, the touch panel 18A and the liquid
crystal display section 18B are driven using, by way of
example, such a driving arrangement as shown in FIG. 3.
With the circuit shown in FIG. 3, when the notebook
personal computer is powered on, an image display com-
mand is provided to a graphics s CPU 40. In response to the
command, the CPU 40 transfers image data on the virtual
keyboard 20 from a graphics s ROM 42 to a frame memory
44. The frame memory 44 then expands the transferred
image data on the virtual keyboard 20 into a bitmap, which
is provided to a display circuit section 46 on a line-by-line
basis. The display circuit 46 processes and converts the
image line signal into a row driving signal and a column
driving signal. The display circuit 46 then supplies the row
and column driving signals to a row driver 48 and a column
driver 50, respectively. The drivers 48 and 50 convert the
respective driving signals into signals driving the display
signal in accordance with the driving signals. The LCD
display section 18B displays an image of the virtual key-
board 20. The image display command provided to the
graphics s CPU 40 contains information on the keyboard
size and arrangement of the virtual keyboard 20. In accor-
dance with the image display command, the CPU 40 pro-
cesses and converts data from the ROM 42 into appropriate
image data and then supplies the image data to the frame
memory 44. Therefore, after the default virtual keyboard 20
is displayed on the LCD display section 18B, it can be
utilized to provide the CPU 40 with an instruction on a
change in the size and arrangement of the virtual keyboard
20.

[0071] With reference to FIGS. 3 and 4, description will
be given of a control flow in which a key code is output in
response to a certain input to the virtual keyboard 20.

[0072] The virtual keyboard 20 is displayed and its control
is started (step S10). In this case, when the user’s finger
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touches the touch panel 18A on the LCD display section 18,
on which the virtual keyboard 20 is displayed, an X coor-
dinate sensor 54 and a Y coordinate sensor 56 detects the
coordinates of the touched area, for example, the area shown
at reference numerals 52A and 52B in FIG. 3, as shown in
step S12. The coordinates detected by the X coordinate
sensor 54 and Y coordinate sensor 56 contain all the pixel
coordinates in the area touched by the user’s finger, the pixel
coordinates corresponding to pixels in the LCD display
section 18B. A coordinate processing section 58 is supplied
with an X and Y coordinate detection signals specifying the
pixel coordinates. If the area touched by the user’s finger
during an adjustable predetermined period is equal to or
larger than a predetermined size as shown by reference
numerals 52A or 52B or is smaller than the predetermined
size as shown in steps S14 and S15, the coordinate process-
ing section 58 determines that the touch is a keyboard input
to determine the central coordinates of the touched area as
shown in step S20. Then, the graphics s CPU 40 compares
the central image with the virtual keyboard 20 as shown in
step S22. The graphics s CPU 40 then outputs the key code
of the key corresponding to the central image and also
outputs a signal for a change in the color or brightness of the
key corresponding to the central coordinates, to the frame
memory 44. The color or brightness of the key on the virtual
keyboard 20 corresponding to the key input is changed and
the screen indicates that the input has been provided. Like-
wise, if the user’s finger touches the virtual keyboard 20 to
provide the next input, steps S10 to S26 are similarly
repeated.

[0073] Instep S14, when the area of the touch panel 18A
touched by the user’s finger during the predetermined period
is smaller than the predetermined size as shown by reference
numeral 52C, for example, when the user’s finger inadvert-
ently touches the touch panel 18A, the area is smaller than
the predetermined size. Accordingly, the coordinate process-
ing section 58 does not determine that a keyboard input has
been provided as shown in step S18. Thus, the coordinate
processing section 58 does not output the signal for key
central coordinates to the graphics s CPU 40. The area
touched by the user’s finger is smaller than the predeter-
mined size when, for example, the finger remains placed on
the keyboard, for example, at a home position for a period
longer than in the case of a keyboard input.

[0074] Further, in step S18, if the area of the touch panel
18A touched by the user’s finger during the predetermined
period is larger than the predetermined size and exceeds the
limit beyond which the input is determined to be abnormal,
as shown by reference numeral 52D, for example, if the
user’s finger touches the touch panel 18A in such a way that
it strokes the panel, then the coordinate processing section
58 does not determine that a keyboard input has been
provided as shown in FIG. 18. Thus, the coordinate pro-
cessing section 58 does not output the signal for key central
coordinates to the graphics s CPU 40.

[0075] If the virtual mouse 22 is displayed, when the
notebook personal computer is powered on, the image
display command is similarly provided to the graphics s
CPU 40. In response to the command, the CPU 40 transfers
image data on the virtual mouse 22 from the graphics s ROM
42 to the frame memory 44 together with the image data on
the virtual keyboard 20. The frame memory 44 then expands
the transferred image data on the virtual mouse 22 into a
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bitmap, which is provided to the display circuit section 46 on
a line-by-line basis. The display circuit 46 processes and
converts the image line signal into a row driving signal and
a column driving signal. The display circuit 46 then supplies
the row and column driving signals to the row driver 48 and
the column driver 50, respectively. The drivers 48 and 50
convert the respective driving signals into signals driving the
display signal in accordance with the driving signals. The
LCD display section 18B displays an image of the virtual
mouse 22. The image display command provided to the
graphics CPU 40 contains the information on the keyboard
size and arrangement of the virtual mouse 22. In accordance
with the image display command, the CPU 40 processes and
converts the data from the ROM 42 into appropriate image
data and then supplies the image data to the frame memory
44. Therefore, after the default virtual keyboard 20 is
displayed on the LCD display section 18B, it can be utilized
to provide the CPU 40 with an instruction on a change in the
size and arrangement of the virtual mouse 22.

[0076] Button operations with the virtual mouse 22 are
treated similarly to key inputs. Depressing the area of a
button is determined to be a click. That is, if the user’s finger
is simply placed on the button with no instruction on a click
given, the operation is not determined to be a click because
the area in which the user’s finger is placed is smaller than
the predetermined size as in the case of key inputs. To move
the virtual mouse 22 to change the pointer position, a
plurality of fingers are placed and moved in order to move
the virtual mouse 22. Accordingly, the area touched by the
plurality of fingers is detected. Movement of the virtual
mouse 22 is determined when the following state is sensed:
the area in which the user’s fingers are placed is equal to or
larger than the predetermined size and this area is moved
with time. In this case, the pointer moves with this move-
ment, and the movement of the pointer corresponds to the
movement of a predetermined position in the area specified
by the plurality of fingers. That is, when the predetermined
position in the area is moved, the pointer is moved the same
distance as that the predetermined position moves, in the
same direction as that of the movement of the predetermined
position. Further, when the user takes his or her finger off the
virtual mouse 22, the virtual mouse 22 is returned to the
home position. Specifically, when the finger remains off the
touch panel-installed display 18 for a predetermined period
in order to change the manner of touching the virtual mouse
22, the coordinate processing section 58 determines that the
coordinates of the area touched by the finger have disap-
peared for the predetermined period. The coordinate pro-
cessing section 58 thus instructs the graphics CPU 40 to
suspend the operation of the virtual mouse 22. Therefore, the
graphics CPU 40 executes a process of returning the virtual
mouse 22 to the home position, in the example shown in
FIG. 3, the area in the lower right of the touch panel-
installed panel 18.

[0077] In response to a keyboard input, the graphics CPU
40 outputs the signal for the key central coordinates to the
CPU (not shown) in the notebook personal computer as a
command corresponding to the input key or the like. The
CPU then executes an ordinary process corresponding to the
key input. Likewise, for a mouse output, the graphics CPU
40 outputs a command corresponding to a mouse operation
to the CPU in the notebook personal computer. The CPU
then executes an ordinary process corresponding to the
mouse input. For a process realized using another icon, the
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CPU in the notebook personal computer executes a process
corresponding to the input command.

[0078] In the notebook personal computer shown in FIGS.
1 and 2, the LCD panels 8 and 18 are illuminated using one
light source as shown in FIG. 5. Specifically, as shown in
FIG. 5, which is a sectional view of a part of the notebook
personal computer, the first housing 2 has an FL tube 60 and
a built-in circuit 62 such as an inverter which supplies a high
voltage to the FL tube 60 to cause it to emit light. The LCD
panel 8 is of a transmission type illuminated by the FL tube
60 from behind. The LCD panel 18 in the second housing 4
is designed to be of a reflection type illuminated by the FL.
tube 60 from the front. Accordingly, the FL tube 60 is placed
in the first housing 2 and in proximity to the second housing
4. A light guide plate 64 is placed behind the L.CD panel 8
to guide an illumination beam. A window 66 is formed in the
first housing 2; the window 66 is closed with a transparent
member that guides an illumination beam from the FL tube
60 to a surface of the LCD panel 18. An illumination beam
from the FL tube 60, placed between the window 66 and the
light guide plate 64, is introduced into the light guide plate
64, which then guides the illumination beam to the rear
surface of the LCD panel 8. Consequently, the LCD panel 8
is illuminated from its rear surface to display an image on
itself. Further, an illumination beam from the FL tube 60 is
guided to the front surface of the LCD panel 18 via the
window 66 as shown by the arrow in the figure. The
illumination beam is guided to the interior of the LCD panel
18 and then reflected. The reflected beam allows the user to
recognize an image formed on the LCD panel 18. This
structure is provided with the one FL tube 60 and the one
inverter circuit 62, which drives the one FL tube 60. This
structure can thus make it possible to reduce power con-
sumption compared to a structure in which an FL tube and
its driving circuit are provided in each of the housings 2 and
4. The space for parts arrangement can also be saved. It
should be noted that the hinges connecting the first and
second housings 2 and 4 together are omitted in FIG. 5.

[0079] In the illumination system shown in FIG. 5, the
LCD panel 18 is of the reflection type illuminated from the
front. However, the LCD panel 18 may be of the transmis-
sion type illuminated from behind as shown in FIG. 6.
Specifically, as shown in FIG. 6, a light guide plate 68 is
provided behind the LCD panel 18. A window 72 is formed
in the first housing 4 opposite a light incident portion 68A of
the light guide plate 68; the window 66 is closed with a
transparent member. The window 72 lies opposite the win-
dow in the housing 2 in which a lens 70 is fitted. The lens
70 in the housing 4 suppresses the leakage of light from the
gap between the hinges 6A and 6B to the exterior. In the
housings 2 and 4 adopting such an illumination system,
rotating shafts of the hinges 6 A and 6B are placed below the
hinge position in the structure shown in FIG. 5. When the
first housing 5 is opened, the lower end of the first housing
2 is placed below that in the structure shown in FIG. 5.

[0080] In the illumination system shown in FIG. 6, an
illumination beam from the FL tube 60, housed in the first
housing 2, is guided by the light guide plate 64 inside the
first housing 2 and condensed by the lens 70. The illumi-
nation beam is thus guided to the window 72. The condensed
beam introduced via the window 72 is lead to the light guide
plate 68 inside the second housing 4 via the light incident
section 68A. The beam is then transmitted through the light
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guide plate 68 and then from the light guide plate 68 to the
LCD panel 18. Therefore, the user views an image displayed
on the LCD panel 18.

[0081] The illumination system shown in FIG. 6 is pro-
vided with the one FL tube 60 and the one inverter circuit 62,
which drives the one FL tube 60. This illumination system
can thus make it possible to reduce power consumption
compared to a structure in which an FL tube 60 and its
driving circuit are provided in each of the housings 2 and 4.
The space for parts arrangement can also be saved.

[0082] With reference to FIGS. 5 and 6, description has
been given of a method of illuminating the two LCD panels
8 and 18 using the one FL tube 60. However, the use of a
light source such as a LED which does not require any
inverter solves the problem for the space for the light source
power source and makes it possible to reduce power con-
sumption. This enables an illumination light source to be
provided in each of the two LCD panels 8 and 18. It is thus
possible to use a self-luminescent display device such as an
EL display panel which does not require any illumination
light source.

[0083] The software in the personal computer may be set
as follows. If a stylus or the user’s finger has not touched the
input device such as the touch panel 18T for a preset time
period, the display by at least one of the first display device
8 and second display device 18 is stopped to turn down or
put out the illumination by a backlight, a front light, or the
like.

[0084] Inthe description of the touch panel-installed panel
18, shown in FIGS. 1 and 2, the size of the area depressed
by the user’s finger is in proportion to the pressure of the
touch. The touch panel 18T may be of an arbitrary type
provided that it can sense pressure. A key input is deter-
mined on the basis of the pressure of the finger touch.

[0085] To ensure the user’s input, it is possible to change
the display color of the virtual key, increase the brightness
of the key, or make a key input sound when a key input is
provided. Further, even if the input is insufficient to be
recognized as a key input, the display color or brightness of
the key may be slightly changed to provide feedback to the
user to inform him or her that the touch panel 18T is sensing
pressure. In some places such as a library and some situa-
tions such as note taking at a meeting or lecture, it is
inappropriate to generate sound. Accordingly, the user can
set whether or not to generate a key input sound. The sound
may correspond to the key position, for example, depressing
the key “A” may result in the corresponding sound, and
depressing the key “B” may result in a beep. Alternatively,
a pip may be generated which has a frequency varying
depending on the key position. Alternatively, typing sounds
may be generated using recorded typing sounds of a con-
ventional mechanical keyboard or a typewriter.

[0086] In the notebook personal computer shown in FIGS.
1 and 2, both of the two LED panels 8 and 18 may be used
as output screens to continuously display data across the two
screens as shown in FIGS. 7 and 8. That is, when the
personal computer is used to perform an operation for which
viewing displayed information is more important than key
inputs, the display on the keyboard may be reduced or
deleted so that the data succeeding the contents of the
display in the LCD panel in the first housing 2 can be
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displayed on the LCD panel 18 in the second housing 4.
Alternatively, data associated with the contents of the dis-
play in the LCD panel in the first housing 2 can be displayed
on the LCD panel 18 in the second housing 4. FIG. 7 shows
an example in which continuous spread sheets 74A and 74B
are displayed across the two screens. In the example shown
in FIG. 7, when numbers must be input, a pad-like virtual
key area 76 can be displayed which shows the minimum
required keys such as numeric keys, an addition, subtraction,
multiplication, and division symbol keys, an enter key, and
a delete key. The position and rotating angle of the pad-like
virtual key area 76 can be adjusted so as to facilitate inputs
by dragging any of the corners of the pad with the user’s
finger. To move the pad with one point on the pad kept
depressed, the pad can be moved. To move the pad with a
plurality of points on the pad depressed, the pad can be
rotated by associating the movement of the center of gravity
of the point group with the movement of the pad and moving
the pad with respect to the center of gravity of the point
group.

[0087] FIG. 8 shows an example in which a document is
displayed using the two screens. For example, each page of
a vertically long document can be displayed all over the
screen of the display device by opening the hinges 6A and
6B through an angle of about 180° so that display screens
78 A and 78B of the housings 1 and 2 face in almost the same
direction; for example, the vertically long document is
created on the assumption that it is to be printed on A4-sized
sheets. This enables the document to be easily read and
reduces the amount of printing on paper intended to allow
the document to be read rather than to, for example, store the
document. This reduces the wasteful consumption of global
resources. FIG. 8 shows the example in which the display
surfaces are at almost the same height, that is, the two
display surfaces are on almost the same plane. However,
depending on the structure of the hinges 6A and 6B, the
display surfaces need not be at the same height and may
instead have almost the same normal direction.

[0088] In addition to the methods using the two screens for
display as described above, various other methods are pos-
sible; a document or an image file is corrected by checking
an uncorrected and corrected documents or files displayed
on the respective screens; a plurality of thumbnail images
are displayed on the LCD panel in the second housing so that
the user can use his or her finger or the like depress any of
the positions at which the thumbnail images are displayed to
display an enlarged image on the first screen; or a part of a
screen displayed on the LCD panel in the first housing is
enlarged and displayed on the LCD panel in the second
housing so that the user can view the enlarged screen to
make detailed specifications concerning the areas in strings
or the areas in the screen. When continuous information is
displayed on the LCD panels, it is possible to display
duplicate information in a display portion of the two LCD
panels near the hinges 6A and 6B, to omit the information
corresponding to the physical gap between the LCD panels
from the display, or to simply divide the displayed infor-
mation at the ends of each LCD panel.

[0089] The user may intentionally switch between provi-
sion of a key input and viewing of displayed information.
However, the display state of the two screens may automati-
cally be changed depending on the state of the user’s hand
with respect to the touch panel. For example, if the user’s
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hand has not touched the touch panel for at least a prede-
termined time, the display screen may be enlarged so as to
cover the entire two screens with the display of the keyboard
deleted. When the user places his or her hand in the place
where the keyboard is displayed in such a way that the user
pads the keyboard, that is, when the user places his or her
fingers at the two points corresponding to the “F” and “J”
keys, the computer may determine that the user is to operate
the keyboard on the basis of the form of the user’s fingers
touching the touch panel. The computer may then switch to
the display of the keyboard.

[0090] By thus appropriately assigning the two screen
areas to output or input, it is possible to obtain a large
display screen even in a small-sized portable personal com-
puter. Further, when an input is to be provided, almost the
same area as that in a notebook personal computer with a
common mechanical keyboard can be used as an input
interface by assigning the screen to the virtual keyboard as
required.

[0091] If the keyboard has not been operated for at least a
specified time, then for example, information succeeding the
screen display in the first housing 2 is displayed in the
second housing 4. If the user has not operated the keyboard
for a further extended time, both screens displayed in the
first housing 2 and second housing 4 may be deleted or such
a screen saver as displays moving images or characters may
start operation.

[0092] Since the virtual keyboard or the like is displayed
at the same position for an extended time, the image
displayed on the LCD panel 18 in the second housing 4 may
be dimmed in a shorter time than that displayed in the first
housing 2. Alternatively, the screen saver may be operated.
Further when different systems are adopted for the display
panel 8 in the first housing 2 and for the display panel in the
second housing 4, the amount of time before the screen saver
starts operation may be determined on the basis of the
lifetimes of the display devices 2 and 4.

[0093] The user may change the functions and display
manners of the displayed virtual keys. The user can also
make a setting such that, for example, shortcut icons for
activating applications can be used directly as functions of
the keyboard. Further, the user may switch between key-
boards for different districts such as a Japanese keyboard, an
English keyboard, and a Japanese syllabary order keyboard
without changing the hardware. The keyboard arrangement
may be varied depending on the type of the user; that is, it
is possible to determine whether or not to provide numeric
keys, whether or not to provide a control key and a shift key
in both right and left of the screen, whether a new line key
is vertically or horizontally long, whether or not to provide
function keys.

[0094] By displaying only the minimum number of keys
required for a particular operation as virtual keys, it is
possible to prevent the user from unintentionally touching an
unwanted key to perform an unintentional operation. This is
also effective in associating a limitation on the user’s author-
ity with the displayed keyboard arrangement to more clearly
distinguish the authority of a user of a personal computer
used for a particular application from that of the adminis-
trator of the personal computer, thus improving the security
for applications intended for unspecified number of the
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general public, for example, the security of a system for
guiding transportation or of terminals provided at Internet
cafes.

[0095] The personal computer shown in FIGS. 1 and 2
has a smaller number of movable portions than a keyboard
on which a large number of mechanical switches are
arranged. The personal computer is thus expected to have
improved reliability and allows its keyboard to be easily
protected from dust or drips. In contrast to dust-proofing, in
which the apparatus is protected from external dust, when
the keyboard id used in a semiconductor plant, dust may be
collected in the keyboard, which has a complicated structure
or the collected dust may scatter. Further, mechanical move-
ment may cause parts to rub against each other to generate
dust. The present invention suppresses the accumulation,
scattering, and generation of dust.

[0096] Furthermore, when for example, the user carries a
conventional notebook personal computer with him or her,
if the folded personal computer is subjected to a high
external pressure or members such as the housings are bent
by vibration or a shock, traces of the corners of key tops may
be left on the screen. However, the personal computer
according to the present invention shown in FIGS. 1 and 2,
the planar screens contact each other at a radius of curvature
far larger than that of the corners of the key tops, thus
advantageously preventing the screens from being damaged.

[0097] A switch is provided which is used to determine
that the two housings 2 and 4 are closed so that a process for
invalidating inputs to the touch panel can be executed when
the housings 2 and 4 are closed. This process can prevent the
computer from malfunctioning when the computer with the
housings closed is subjected to an external pressure. Further,
by recording inputs to the touch panel while the housings are
closed, it is possible to help find the cause of damage to the
LCD panel or housings such as an excessive pressure.

[0098] FIG. 9 shows a notebook personal computer com-
prising two-rotating-shaft hinges 130A and 130B each hav-
ing two rotating shafts. The two housing 2 and 4 can be
closed so that the LCD panels 8 and 18 sit opposite each
other or that both LCD panels 8 and 18 face outward. The
user can operate the personal computer on one of the LCD
panels 8 and 18 while checking the state of the operation on
the other LCD panel, by standing the LCD panels 8 and 18
on a desk between the housings 2 and 4 so that the maximum
opening angle (at least 180°; for example, 270°) is set
between the second housing 4 and the first housing 1 and
that the LCD panels 8 and 18 both face outward and form the
character A (capital lambda). The notebook personal com-
puter used in such a form comprises a plurality of rubber feet
at positions (not shown) where the housings 2 and 4 contact
the desk surface when the LCD panels are stood on the desk
while adjusting hinge angle so that the panels form the
character A. The rubber feet are exposed from sides of the
closed housings when the user carries the computer with him
or her. The rubber feet can thus function as cushioning
members when the apparatus is dropped owing to careless-
ness or the like.

[0099] A notebook personal computer of such a structure
can be used for applications such as presentations for a small
number of people. For example, the operator views infor-
mation including detailed data relating to the presentation,
while the viewers see only slides. Alternatively, both parties
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can view the same screen or mirrored images. In this case,
when mirrored images are displayed, a character font is not
mirrored, and other images are mirrored. For inputs, the
following usage is possible: the operator can freely change
data, while the viewers can provide only limited inputs.
When the personal computer according to the embodiment
of the present invention is used in this form, the rotating
angle of the hinges 130A and 130B may be used to switch
between the display of a side of the screen closer to the
hinges as the top and the display of a side of the screen
farther from the hinges 130A and 130B as the top. Further,
the personal computer may comprise a sensor that senses the
direction of gravity so as to automatically switch the top and
bottom of the display screen regardless of the angle of the
hinges 130A and 130B or the placement of the personal
computer.

[0100] If the personal computer comprises a gravity sen-
sor, even when, as shown in FIG. 10A, the first and the
second housings 2 and 4 are rotated around the hinges 6A
and 6B as shown by arrow 131, without changing the angle
of the hinges 6A and 6B, on a table such as a desk on which
the personal computer is placed, to change the positional
relationship of the first and second housings 2 and 4 with the
desk, the plane almost parallel to the desk surface is
switched to the input interface 133, whereas the plane
standing from the desk surface is switched to the display
surface. This makes it possible to always provide a fixed
input and display environment for the user regardless of the
installation of the personal computer. This operation is not
limited to the hinges 6A and 6B each having two rotating
shafts.

[0101] FIGS. 11A and 11B shows a personal computer in
which the first housing 2 and the second housing 4 are
connected together using a hinge 132 having two rotating
shafts. The hinge 132 has a first shaft 134 extending along
the normal direction of the display surface of the second
housing 4 and a second shaft 136 which can tilt the first
housing 2 with respect to the second housing 4 and which is
orthogonal to the first shaft 134 and parallel to the display
surface. In a presentation application similar to that shown
in FIG. 9, when the user, that is, the presenter operates the
computer while viewing both display panels 8 and 18 as
shown in FIG. 11A, the display panel 8 in the first housing
2 displays an image 136 such as a table or a graph, while the
display panel 18 in the second housing 4 displays an
operational interface 138. When the presenter directs the
display panel 8 in the first housing 2 toward presentees
located opposite the presenter, the display panel 18 in the
second housing 4 is provided, during the rotation of the
hinge 132, with a screen 140 similar to the one 136 displayed
on the display panel 8 in the first housing 2 and an opera-
tional interface 142 having a reduced size as shown in FIG.
11B. Such display for presentation applications enables the
presenter to make presentation using the same screens 136
and 140 while having conversations with the presentees.

[0102] FIG. 12 shows an example in which the personal
computer shown in FIGS. 1 and 2 is installed on a stand 142
with a keyboard so as to be used in a desktop environment.
In a mobile environment, the unitary personal computer is
preferably provided with a larger screen and a human
interface with a higher degree of freedom. However, in the
desktop environment, a larger screen is given top priority.
An external keyboard 144 or an external input device (not
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shown) such as a touch panel is preferably connected to the
personal computer so that the personal computer can offer
two screens; the external input device serves as a keyboard
144. As shown in FIG. 12, the personal computer main body
is supported by the stand 142 on a support plate 152 on
which a cushion member 150 is provided. When the per-
sonal computer main body is fixed to the stand 142, the
external input device or a power supply connector is con-
nected to the personal computer main body. The stand 142
has a function called a port replicator or docking station. A
docking connector 146 is placed in the connection between
the stand 142 and the personal computer. Accordingly, the
second housing 4, into which a motherboard is incorporated,
is connected to the stand 142. A portion of the stand 142 to
which the personal computer is fixed is preferably rotatable.
As shown FIG. 12, the LCD panel 8 in the first housing 2
and the LCD panel 18 in the second housing 4 may be
arranged vertically in parallel so as to form a continuous
screen. Alternatively, a rotary joint 148 may be rotated to
arrange the LCD panels horizontally in parallel so as to form
a continuous screen. The rotary joint 148 has a rotating shaft
near the hinges of the personal computer so that even when
the personal computer is rotated, the two screens are
arranged at almost an equal distance to the user. In FIG. 12,
the keyboard 144 and the stand 142 are integrated together.
The keyboard 144 and the stand 142 may be separately
connected to the personal computer.

[0103] The LCD panels 8 and 18 may be arranged either
vertically or horizontally in parallel. Preferably, the personal
computer comprises a sensor that senses gravity so that
information displayed on the screen including the virtual
keyboard can be appropriately rotated depending on the
sensed direction. This enables images to be always displayed
in the correct direction with respect to the user. Such a
configuration enables the screen and the input device to be
appropriately arranged for each scene used in both desktop
and mobile environments.

[0104] A screen display device and a processing circuit
can be constructed on the same glass substrate by using a
technique for forming an LSI on a glass substrate, the
technique being called silicon-on-glass or system-on-glass.
This serves to reduce the thickness and weight of the
housings. FIG. 13 shows an embodiment of the present
invention in which a display device and a processing circuit
are collectively constructed on glass substrates 154 and 156.
The two glass substrates 154 and 156 are rotatably con-
nected together using a hinge 158. Resin covers 160 and 162
are provided at ends of the glass substrates 154 and 156 in
order to protect the glass substrates 154 and 156. Further, a
shaft of the hinge 158 is longer than the width of the glass
substrates 154 and 156. When the computer falls down,
structural members such as the hinge 158 and the resin
covers 160 and 162 serve as cushioning materials to prevent
damage caused by a shock. The resin covers 160 and 162
prevent the two glass substrates 154 and 156 from colliding
against each other when the hinge is set in a closed state. A
protective layer composed of a resin film 164 (not shown) is
bonded to a surface of each of the glass substrates 154 and
156 to prevent glass pieces from scattering if the glass is
broken. In such an embodiment, the resin covers 160 and
162 and the resin film correspond to housing parts. A
connector, a slot, or a radio communication antenna may be
stored any of the resin covers 160 and 162 and hinge portion
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158; it is difficult to mount the connector, slot, or radio
communication antenna on the glass substrate 154 or 156.

[0105] In the embodiment, the pressure-sensitive touch
panel 18T is utilized as a device that receives an input
corresponding to a hand touch. However, a function similar
to that provided by the pressure-sensitive touch panel can be
provided by an electromagnetic touch panel by installing,
around the user’s finger, a device having the same function
as that of a stylus for the electromagnetic touch panel. It is
also possible to emit a light beam of a particular wavelength
to the neighborhood of the surface of the LCD panel 18 in
the second housing 4 and to use sensors provided at two
points to sense the reflected beam to determine where on the
panel the user’s finger is placed, on the basis of a technique
such as triangulation.

[0106] Alternatively, the LCD panel may be utilized as a
touch panel by incorporating an optical sensor element array
into the LCD panel and providing the panel with both
display and scanner functions so that the user’s finger
touching the panel surface can be sensed as an image. A
panel having such functions is disclosed in Jpn. Pat. Appln.
Publication Nos. 2002-313255, 2002-313273, and 2002-
313309 and was put on the market for the first time by
Toshiba Matsushita Display Technology Co., Ltd., in April,
2003 under the name of “Input Display”. This technique
makes it possible to load a barcode or business card infor-
mation through the panel 14 in the second housing 4 and to
recognize the contents of the loaded image information.

[0107] The input display can load information from paper
or an article tightly contacted with the surface of the display.
However, even when nothing contacts the surface of the
input display, so that tangible information such as a shape or
an image cannot be sensed, the input display can measure
environmental light to recognize the brightness of the envi-
ronment in which the apparatus is placed or the color of a
light source, to automatically adjust the brightness and color
temperature of a screen shown on the display in the first
housing 2 or second housing 4. The input display is effective
on various applications; for example, the daytime and the
nighttime are recognized to adjust the brightness of the
screen in an environment such as a semiconductor plant or
a tunnel where a source of light different from white light is
used for illumination or when the apparatus is used outdoors.

[0108] FIG. 14 shows an example of an apparatus com-
prising an input display 166. In front of the input display
166, built into the second housing 4, a cylindrical lens 170
is fixed to a fixture 168 attached to the second housing 4. The
lens 170 forms an image on an image-loadable display
surface of the input display 166. This photographed image
168 is displayed on the LCD panel 8. Utilizing the lens 170
as described above enables the input display 1166 to be used
like a digital camera. A process for loading an image may
also be executed on the areas other than the one to which the
lens 170 is attached, to load the brightness and color of the
environmental light in order to adjust exposure and white
balance.

[0109] FIG. 15 also shows an example of an apparatus
comprising an input display. As shown in FIG. 15, the
cylindrical lens 170 is placed on the input display 166, built
into the second housing 4 so as to incline from the input
display 166. The lens 170 forms an image on the surface of
the image loadable display 166. This personal computer can

HP Inc. - Exhibit 1027 - Page 21



US 2006/0034042 Al

thus be used as a terminal for a remote conference using
communications over a network. The lens 170 is composed
of a cylinder inclined to the perpendicular of the surface of
the input display 166 so as to face the user, so that an image
formed is elongated in the vertical direction. Accordingly,
the aspect ratio of the image is corrected by software
processing before the image is transmitted over the network.

[0110] The personal computer shown in FIG. 15 can not
only be used as a terminal for a remove conference but can
also, for example, load a spatial gesture such as motion of
the user’s hand via the lens and use it as an operation
instruction to execute the corresponding process.

[0111] FIG. 16 shows a personal computer in which a
camera is installed according to another embodiment of the
present invention. The first housing 2 comprises two cam-
eras 172 and 174, and a space on the LCD panel 18 in the
second housing 2 is photographed and loaded as an image.
Comparison of images from the two cameras makes it
possible to measure the distance to the user’s hand or the like
placed near the LCD panel in the second housing 4. The
images from the two cameras make it possible to determine
whether or not the user’s finger or the like is touching the
screen of the LCD panel 18, on which an interface 176 is
displayed. The computer compares a temporal variation in
the speed of the fingertip in the normal direction of the
display surface a preset value. If the temporal variation in
speed is larger than the preset value, the computer deter-
mines that a key or button has been depressed hard. If the
temporal variation in speed is smaller than the preset value,
the computer determines that the user’s finger or hand is
touching the surface of the LCD panel at a low pressure. The
present embodiment uses the two cameras, but a single
camera may be used provided that the distance can be
determined with the single camera on the basis of focal
distance or the like. Alternatively, it is possible to use a
device which can carry out pointing in a three-dimensional
space and which is disclosed in Jpn. Pat. Appln. KOKAI
Publication No. 1999-265241 as “Information Input Appa-
ratus and Method for Information Input and Recording
Medium”.

[0112] In the description of the above embodiment, the
first housing 2 is provided with the first LCD panel 8, and
the second housing 4 is provided with the second LCD panel
18. However, given a display device 180 which is flexible
and bendable, the bendable display panel 180 may be
extended across the first housing 2 and second housing 4
rotatably connected together by the hinges 6A and 6B and
may be attached to both housings 2 and 4 as shown in FIG.
17. With the bendable display device 180, a display area
180A in the first housing 2 may be continuously connected
to a display arca 180B in the second housing 4 so as to
prevent the formation of an area between the areas 180A and
180B where no screen is displayed. This further improves
the degree of freedom in display and the placement of the
operation interface.

[0113] The present invention has been described in detail
in conjunction with the embodiment of the notebook per-
sonal computer. However, the present invention is appli-
cable to a smaller electronic apparatus such as a PDA. The
present invention is also applicable to an apparatus such as
a foldable cellular phone that enables e-mail or WEB
browsing; for such a cellular phone, portability is inconsis-
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tent with the size of the screen, and such a cellular phone has
different input forms suitable for the respective applications;
making a phone call requires only numbers to be input but
writing a mail requires characters to be input, and WEB
browsing can mostly be achieved simply by operating the
CUISOL.

[0114] The inventor has already developed a technique for
additionally providing, on the touch panel-installed panel
18, a flexible member with concaves and convexes corre-
sponding to the arrangement of virtual keys, as an assistance
to inputs. This invention may be combined with the personal
computer according to the present invention. Placing a
flexible sheet with concaves and convexes on the touch
panel 18 allows various input interfaces to be automatically
changed. The sheet with concaves and convexes can be
provided far more inexpensively than input peripheral
devices even when the user requests an input interface which
is substantial, that is, which has concaves and convexes and
which is deformed under force.

[0115] The invention described above in detail provides an
electronic apparatus that is excellent in portability, operabil-
ity, visibility, and reliability.

[0116] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. An electronic apparatus comprising:

a first display device comprising a first housing and a first
display screen which is held in the first housing;

a second display device comprising a second housing and
a second display screen which is held in the second
housing, the second display screen comprising a sensor
which generates a sensor output signal depending on an
input on the second display screen;

a connecting mechanism configured to connect the first
and second housings together and be able to adjust an
opening angle of the first housing and the second
housing;

a display processing section configured to display a first
display image on the first display screen and a first
interface image on the second display screen;

a determining section configured to determine an instruc-
tion to the first interface image on the basis of the
sensor output signal; and

a control section configured to control the display pro-
cessing section in response to the instruction to display
a second display image in place of the first display
image on the first display screen and display a second
interface image in place of the first interface image on
the second display screen.

2. The electronic apparatus according to claim 1, wherein
the connecting mechanism sets the opening angle of the first
housing and the second housing so that the first and second
display screens can be viewed from opposite sides of the
electronic apparatus, and the first and second display screens
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display the second display image and the second interface
image corresponding to substantially the same image or the
second display image and second interface image which are
in a mirrored relationship.

3. The electronic apparatus according to claim 1, wherein
the connecting mechanism sets the opening angle of the first
housing and the second housing so that the first and second
display screens can be viewed from one side of the elec-
tronic apparatus, and the display processing section substan-
tially display a continuous image on the first and second
display screens, the continuous image corresponding to a
combination of the first display image and the second
interface image.

4. The electronic apparatus according to claim 1, wherein
the connecting mechanism sets the opening angle of the first
housing and the second housing so that the first and second
display screens can be viewed from one side of the elec-
tronic apparatus, and the second display screen is switched
between display of the second interface image on the first
interface image and non-display of the second interface
image on the first interface image, the display of the second
interface image on the first interface image being displayed
on top of the first interface image as a translucent or opaque
image.

5. The electronic apparatus according to claim 1, wherein
the sensor comprises a touch panel configured to sense
plural levels of input intensity on the basis of intensity of an
electromagnetic wave or an input contact area on the second
display, and the control section changes display of the first
interface image depending on the input intensity level on the
touch panel.

6. The electronic apparatus according to claim 1, wherein
the first display device further comprises a light source
incorporated into the first housing to illuminate the first
display screen, and the first housing comprises a structure
configured to guide illumination light from the light source
to the second display device as backlight illumination or a
front-light illumination.

7. The electronic apparatus according to claim 1, wherein
the second display device further comprises a light source
incorporated into the second housing to illuminate the
second display screen, and the second housing comprises a
structure configured to guide illumination light from the
light source to the first display device as backlight illumi-
nation or a front-light illumination.

8. The electronic apparatus according to claim 1, wherein
the connecting mechanism comprises a hinge comprising a
plurality of rotating shafts.

9. The electronic apparatus according to claim 1, wherein
the second display screen comprises an LCD panel and an
optical sensor element array provided on the LCD panel,
which input an externally input image.

10. The electronic apparatus according to claim 1,
wherein the first and second display screens forms one
flexible and bendable display unit.

11. A foldable display device comprising:

a first device having a first display screen to display
application images;

a second device having a second display screen to display
interface images and an input sensor provided around
the second display screen to sense an input position of
touching or a movement on the second display screen;

a connecting mechanism configured to arbitrarily set an
angle of the first display screen of the first device and
the second display screen of the second device and to
be capable to be folded;
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an input processor to converting an input position sensed
by the sensor into an input data to the display processor,
and

a display processor to generate application images to be
displayed on the first display screen and interface
images to be displayed on the second display screen,

wherein the display processor generates a first interface
image indicating distinctly displaying the input posi-
tion after receiving the input data on the second display
screen, and generates a first application image reflect-
ing the input data on the first display screen.

12. The display device according to claim 11, wherein the
interface image is a keyboard image having a plurality of
key areas.

13. The display device according to claim 11, wherein the
interface image is a mouse image.

14. The display device according to claim 12, wherein the
first interface image is a first keyboard image wherein one of
key area corresponding to the input data is displayed dif-
ferently from other key areas.

15. The display device according to claim 13, wherein the
first interface image is a first mouse image wherein one of
clicked portion corresponding to the input data is displayed
differently from other portions.

16. The display device according to claim 11, wherein the
display processor comprising a memory storing a default
interface image to be displayed first when the display device
is activated.

17. The display device according to claim 11, wherein the
display processor controls the second display screen and the
second display screen so at to screen save images when input
data is not detected for a predetermined period.

18. A portable computer, comprising:

a flat panel having a first display panel and a second
display panel, that is foldable along a centerline and
that a surface of the second display panel approaches to
a surface of the first display panel when they are folded;

a touch panel sensor provided at least on a second display
panel to detect a user’s input operation;

a display processor to supply display data to the first
display panel and the second display panel; and

a display controller to control the display processor in at
least two modes comprising,

a first mode where the display processor supplies an
application image to the first display panel while sup-
plying an interface image to the second display panel so
as to use the second display panel as an input device,
and

a second mode where an application image is divided into
two part and one part of the application image is
supplied to the second display panel and the other part
of the application image is supplied to the first display
panel so as to use the first and second display panels as
a one extended screen.

19. The portable computer according to claim 18, wherein
the interface image is an image of a keyboard or a mouse.

* * #* #* *

HP Inc. - Exhibit 1027 - Page 23



