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Description
TECHNICAL FIELD

[0001] The present invention relates to an image dis-
play device including a display panel that displays an
image and to a method of displaying an image, and more
particularly to an image display device and a method of
displaying an image appropriate for an information
processing apparatus such as a mobile phone with a rel-
atively small display panel, as well as for a digital camera
and a small-sized video camera.

BACKGROUND ART

[0002] Mostinformation processing apparatuses tend
to be made smaller for easier portability, while the infor-
mation to be thereby handled is increasing. Such infor-
mation processing apparatuses are best exemplified by
pocket-sized devices such as a mobile phone, a personal
handy-phone system (PHS), and a personal digital as-
sistant PDA).

[0003] While such small-sized information processing
apparatuses have become quite comfortable to carry be-
cause of the advancement of communication technology
and various related techniques, the area allocated for
displaying is extremely limited. Accordingly, images and
character information have to be reduced in size when a
larger amount of those is to be displayed, which leads to
the drawback that the images become more difficult to
recognize.

[0004] As a solution, splitting a large screen so as to
display a split portion in different information processing
apparatuses has been proposed (for example, patented
document 1). According to this proposal, for example,
when a chess board is to be displayed on the large
screen, afirstinformation processing apparatus displays
a half of the chess board on the first mover side. A second
information processing apparatus displays the other half
of the chess board on the second mover side. Thus, upon
combining the two information processing apparatuses
the entirety of the chess board can be displayed, and the
plurality of pieces on the chess board can be identifiably
displayed among one another. [Patented document 1]
Japanese Laid-open patent publication No.2004-144822
(Paragraph 0040 and Fig. 3)

SUMMARY

[0005] Withthe foregoing proposal, however, since the
image is split to be displayed on the plurality of informa-
tion processing apparatuses, the plurality of information
processing apparatuses such as mobile phones has to
be physically present. Also, a communication means that
distributes the images to these information processing
apparatuses is required, which not only makes the com-
munication system more complicated, but also increases
the communication cost because the communication in-
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volves a plurality of information processing apparatuses.
Further, even though the information processing appa-
ratuses are brought close to each other, the display re-
gion of the display panel cannot be continuously located.
Accordingly, although the disadvantage may be minor in
such a case as displaying the first mover-side half and
the second mover-side half of the chess board separately
on the display panel of the respective information
processing apparatuses, the entire image cannot be rec-
ognized in such a case when a face of a person is dis-
played in split images on a plurality of information
processing apparatuses.

[0006] Fig. 15illustrates a conventional method of con-
tinuously displaying an enlarged image. According to this
method, light from a backlight 103 is uniformly emitted
to aliquid crystal cell 101 through a light guide plate 102,
so as to cause a liquid crystal display 105 to display an
image 106 of, for example, an arrow shape. Upon viewing
the image 106 from an upper direction of the drawing
through a convex lens 107 such as a loupe, the image
106 enlarged to a virtual image 108 can be recognized.
[0007] Fig. 16 depicts the principle of an image on a
liquid crystal display and the enlarged image thereof.
Over an image shown on the liquid crystal display 105,
an enlarged image 111 having a larger display area is
formed. In this case, the image of clouds above a moun-
tain range displayed on the liquid crystal display 105 is
recognized as the enlarged image 111.

[0008] The method of employing the convex lens 107
to view the enlarged image of the image 106 as shown
in Figs. 15 and 16 requires constantly carrying the convex
lens 107 which is relatively heavy. Also, except for the
case where the viewer is seated at a desk or a table, the
viewer has to hold the information processing apparatus
in one hand and the convex lens 107 in the other hand,
when enlarging the image. In other words, both hands
are occupied for viewing the enlarged image, which
makes it impossible to, for example, use a hand to write
down a memorandum while viewing the image. Besides,
although the image is enlarged by the convex lens 107,
the display panel such as the liquid crystal display dis-
plays the image as a set of each pixel. Accordingly, en-
larging the image often results in merely viewing a coars-
er image. This is the same effect as what is known as
ineffective enlargement, which does not achieve an in-
crease in information despite the enlargement.

[0009] Further, the method that employs the convex
lens 107 only enlarges the image itself, and not the image
region. Besides, employing the convex lens 107 may in-
cur drawbacks such as emergence of optical strain and
chromatic aberration in the image.

[0010] Thus, an exemplary object of the invention is to
provide an image display device capable of displaying,
on a single display panel, a larger image region than the
display area of the display panel, and a method of dis-
playing the image on such device.

[0011] Inone exemplary aspect of the invention, there
is provided an image display device including a display
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panel that displays a sheet of image; a spatial region
setting unitthat defines a plurality of spatial regions where
an image displayed on the display panel can be visually
recognized from mutually different spatial positions; an
image splitter that splits an image having a larger display
area than the sheet of image corresponding to a display
area of the display panel, into a plurality of sheets of
images respectively corresponding to each of the plural-
ity of spatial regions; and an image display unit that caus-
es the display panel to display in a split manner the plu-
rality of sheets of images in different display directions,
such that each of the plurality of sheets of images split
by the image splitter can be visually recognized from the
corresponding one of the mutually different spatial posi-
tions.

[0012] Thus, in one exemplary aspect of the invention,
the plurality of spatial regions where the image displayed
on the display panel can be visually recognized from dif-
ferent spatial positions is defined in advance by the spa-
tial region setting unit, and the sheets of images split by
the image splitter correspond to the respective spatial
regions. Then, the image display unit executes the con-
trol so as to cause the display panel to display in a split
manner the sheets of images in different display direc-
tions, such that each sheet of image split by the image
splitter can be visually recognized from the correspond-
ing one of the mutually different spatial positions.
[0013] Regarding the display method, each sheet of
image split to be viewed from different directions may be
displayed in parallel in a time-division manner, or one of
the sheets of images may be selectively displayed ac-
cording to the relative spatial position of the viewer’s eye.
The spatial regions may be switched by displacing the
eye, or by rotating the display panel either horizontally
or vertically. Alternatively, the display panel may be hor-
izontally displaced so as to switch the spatial region to
be displayed, for selectively viewing each display panel
when the plurality of display panels is aligned on a plane.
[0014] In another exemplary aspect of the invention,
there is provided a method of displaying an image includ-
ing: splitting an image having a larger display area than
a sheet of image corresponding to a display area of a
display panel, into a plurality of sheets of images respec-
tively corresponding to each of a plurality of predeter-
mined spatial regions; and sequentially selecting one of
the sheets of images split in the image splitting step and
corresponding to the spatial region designated for view-
ing among the plurality of spatial regions, and causing
the display panel to display the selected image.

[0015] Thus, accordingtothe presentinvention, anim-
age having a larger area can be split and sequentially
displayed, by splitting an image into a predetermined
number of sheets in the image splitting step, to enable
displaying the image in a larger region than the size of a
single display panel, and sequentially selecting one of
those images corresponding to the spatial region desig-
nated for viewing out of the plurality of spatial regions, to
thereby display the selected image on the display panel.
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Also, the method is applicable not only to a still image
but also to a moving image.

[0016] Thus, in one exemplary aspect of the invention,
the image displayed on the display panel that displays a
sheet of image can be switched according to the spatial
region, which enables displaying an image having a larg-
er display area than an image corresponding to the dis-
play area of the display panel, in a time-division manner.
Accordingly, a small-sized device such as a mobile
phone can still display a more extensive image, and
therefore a small-sized, light-weighted and inexpensive
image display device can be obtained. Moreover, there
is no need to reduce the image area of the same image
when displaying that image on the display panel, which
eliminates the need to degrade the resolution of the im-
age, thereby facilitating displaying high-quality images.

BRIEF DESCRIPTION OF THE INVENTION

[0017] The above and other objects, features and ad-
vantages will become more apparent through the follow-
ing description of preferred embodiments and the accom-
panying drawings.

[0018]

Fig. 1 is a perspective view showing a state of use
of a mobile phone including an image display device
according to an exemplary embodiment of the
present invention;

Fig. 2is an explanatory drawing showing an example
of an image displayed on the display panel of the
mobile phone according to the exemplary embodi-
ment;

Fig. 3 is a block diagram showing an outline of the
circuit configuration of the mobile phone according
to the exemplary embodiment;

Fig. 4 is an explanatory drawing showing a cross-
sectional structure of the display panel according to
the exemplary embodiment, and how the images are
switched according to the position of the eye;

Fig. 5 is an explanatory diagram showing two direc-
tions in which light is incident on the eye when im-
ages are displayed on two display panels according
to the exemplary embodiment;

Fig. 6 is a flowchart showing a display control proc-
ess, based on an instruction to display a still image
according to the exemplary embodiment;

Fig. 7 is a schematic diagram for explaining how a
first image is displayed according to the exemplary
embodiment;

Fig. 8 is a schematic diagram for explaining how a
second image is displayed according to the exem-
plary embodiment;

Fig. 9 is a perspective view showing an essential
portion of an optical system according to a first var-
iation of the present invention;

Fig. 10 is a cross-sectional view of an essential por-
tion of an optical system according to a second var-



5 EP 2 001 010 A9 6

iation of the present invention;

Fig. 11 is an explanatory drawing showing a state
when an image of a cloud and the moon above a
mountain range is displayed, according to the sec-
ond variation;

Fig. 12 is a block diagram showing an outline of the
circuit configuration of a mobile phone according to
a third variation;

Fig. 13 is a flowchart showing a display process in
a large display mode according to the third variation
of the present invention;

Fig. 14 is a flowchart showing a display process of
a moving image in the large display mode according
to a fourth variation of the present invention;

Fig. 15 is an explanatory diagram showing a con-
ventional method of continuously displaying an en-
larged image; and

Fig. 16 is an explanatory drawing showing a liquid
crystal display and an image thereby enlarged.

EXEMPLARY EMBODIMENT

[0019] Hereunder, exemplary embodiments of the
present invention will be described in details.

[An exemplary embodiment]

[0020] Fig. 1 illustrates the appearance of a mobile
phone including an image display device according to an
exemplary embodiment of the present invention. On the
mobile phone 200, animage displayed on a display panel
203 is switched to a plurality of images, as a user holding
the mobile phone in a hand 201 changes the position of
his/her eye 202. The boundaries between the plurality of
images are continuous, and therefore the images dis-
played on the display panel 203 appear as a continuous
image, allowing the user to recognize an image having
a wide angle of view.

[0021] Fig. 2depicts an example of animage displayed
on the display panel of the mobile phone according to
this exemplary embodiment. It will be assumed here that
two images are displayed on the display panel 203 ac-
cording to the viewing position (spatial region). A first
image 211 represents the image on the display panel
203 viewed from the user’s eye 202L which is on (has
moved to) the left side in Fig. 1, and a second image 212
represents the image on the display panel 203 viewed
from the user’s eye 202R which is on (has moved to) the
right side in Fig. 1. Actually, when the user moves his/her
face to the left and the right with respect to the display
panel 203 shown in Fig. 1, the images 211, 212 are al-
ternately switched.

[0022] Fig. 3 shows an outline of the circuit configura-
tion of the mobile phone. The mobile phone 200 includes
a main control unit 221 that executes the overall control
of the mobile phone 200. The main control unit 221 in-
cludes a central processing unit (CPU) 222, a read only
memory (ROM) 223 in which a control program is stored,
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and a random access memory (RAM) 224 serving as an
operational memory. The main control unit 221 is con-
nected to the respective units in the device via a signal
transmitter 225 such as a bus.

[0023] Among those units, a communication control
unit 226 controls the verbal communication with a wire-
less base station (not shown), and is also capable of ex-
ecuting other types of wireless communication such as
infrared communication. Further, data communication
can also be executed with an external party (not shown)
through a universal serial bus (USB) port (not shown).
An operation input unit 227 includes various keys shown
in Fig. 1, by which various data such as a dial number
can be input. A camera unit 228 includes an imaging
device such as a charge-coupled device (CCD), to there-
by shoot a still image or a moving image. An image
processing unit 229 serves to process an image shot by
the camera unit 228, or an image input through the com-
munication control unit 226. In this exemplary embodi-
ment, the image processing unit 229 also serves to split
the image to be displayed on the display panel 203. A
sound I/0O unit 231 is engaged in inputting and outputting
the voice for phone communication and outputting an
alarm sound. A display control unit 232 is a circuit that
drives the display panel 203.

[0024] Also, a part of the units except the main control
unit 221, such as the communication control unit 226,
may be realized as a software such that the CPU 222
executes the control program stored in the ROM 223.
[0025] Fig. 4 illustrates a cross-sectional structure of
the display panel according to the exemplary embodi-
ment, and how the images are switched according to the
position of the eye. The display panel 203 includes a
liquid crystal display (LCD) panel 241 that displays an
image with electrodes (not shown) aligned in a matrix
form. Under the LCD panel 241, prism sheets 242 are
aligned at a predetermined interval. The prism sheet 242
according to this exemplary embodiment is an optical
component that switches the direction of a light beam in
two directions, namely a first direction 243 and a second
direction 244, and has one surface (lower surface in Fig.
4) serrated. The prism sheet 242 is commercially avail-
able from several manufacturers.

[0026] Fig. 5 depicts the relationship between the two
directions shown in Fig. 4. The first direction 243 and the
second direction 244 are symmetrical with respect to a
line 251 which is perpendicular to the LCD panel 241,
and both directions define an emission angle of 0. It is
not mandatory that these directions 243, 244 symmetri-
cally define the incident angle, but it generally suffices
that the two directions are different from each other.
[0027] Fig. 4 willagain be referred to. Below the prism
sheet 242, reflection sheets 245 that reflect a light beam
are located at a predetermined interval. Between the
prism sheet 242 and the reflection sheet 245, a transpar-
ent light guide plate 246 is provided so as to transmit the
light beam. At the right-hand end of the light guide plate
246in Fig. 4, one each of first LED group 247 is disposed
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vertically of the sheet with a spacing, so as to form the
first image 211 shown in Fig. 2. At the left-hand end of
the light guide plate 246 in Fig. 4, one each of second
LED group 248 is likewise disposed vertically of the sheet
with a spacing, so as to form the second image 212 shown
in Fig. 2.

[0028] The LCD panel 241 alternately displays the first
image 211 and the second image 212, at rates of 1/60
seconds each, for example. When the firstimage 211 is
displayed on the LCD panel 241, the first LED group 247
is turned on, so that the light of the relevant image is
emitted in the first direction 243. Likewise, when the sec-
ond image 212 is displayed on the LCD panel 241, the
second LED group 248 is turned on, so that the light of
the relevant image is emitted in the first direction 244.
[0029] For the sake of simplicity of explanation, it will
be assumed here that the image is viewed with only one
eye. The eye 202L of the user in the left-hand spatial
region in Fig. 4 can see the first image 211, and the eye
202R of the user in the right-hand spatial region in Fig.
4 can see the second image 212. While the eye 202 is
passing the central position between the two positions,
the image is switched from the first image 211 to the
second image 212, via a process that the brain recog-
nizes the boundary of the two images as a continuous
image. Such image recognition process of the brain is
similar to the process executed to form a three-dimen-
sional image when different images are shown to the left
and the right eye. Once the user learns the knack for
combining the boundary between the firstimage 211 and
the second image, he or she can easily recognize a syn-
thesized image thereafter.

[0030] Fig.6indicates adisplay control process, based
on an instruction to display a still image. Such display
control is executed, for example, when the user utilizes
a preview function to watch an image shot by the camera
unit 228 shown in Fig. 3, or views an image attached to
a received e-mail. Fig. 3 will also be referred to for the
description.

[0031] When the user of the mobile phone 200 manip-
ulates the operation input unit 227 so as to display an
image, an instruction to retrieve the image is thereby gen-
erated inside the mobile phone (step S301). Upon receipt
of the instruction (), the main control unit 221 stores the
designated image in an appropriate memory (not shown)
in the image processing unit 229 or in the RAM 224 for
operation (step S302). Here, it will be assumed that the
image is stored in a predetermined region of the RAM
224.

[0032] Under such state,the main control unit 221
checks whether the instruction of the user requests a
normal display mode of displaying a sheet of image cor-
responding to the size of the display panel 203, or alarge
display mode of displaying an image corresponding to
two sheets (step S303). If the large display mode is re-
quested (Y), the image stored in the RAM 224 is split into
the left and right portions (step S304). In this process,
the image may be split such that the boundary portions
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slightly overlap, for easier matching of the image. As a
result, in the RAM 224, for example the first image 211
and the second image 212 shown in Fig. 2 are independ-
ently stored.

[0033] Then the main control unit 221 checks whether
one of the first timing and the second timing, which alter-
nate every 1/60 second, has been reached, and whether
an instruction to stop the display has been generated
(step S305 to step S307). If the first timing hasbeen
reached (Y at step S305), the main control unit 221 reads
out the first image 211 from the RAM 224, and at the
same time turns on the first light emitting diode (LED)
group 247 of the display control unit 232 (step S308). As
aresult, the firstimage 211 is displayed on the LCD panel
241 shown in Fig. 4.

[0034] Fig. 7 depicts the state when the first image is
displayed on the display panel. Under this state, the first
LED group 247 is on and the second LED group 248 is
off. Accordingly, a light beam 261 output by the first LED
group 247 is incident upon the prism sheet 242 directly,
or after being reflected by the reflection sheet 245 shown
in Fig. 4 and reciprocating in the transparent light guide
plate 246. Then these light beams are emitted in the first
direction 243. Therefore, if the eye 202L is present in the
first direction 243 (Ref. Fig. 4), the eye 202L can view
the first image 211. At this moment, the second image
212 is not formed. Accordingly, the second image 212
cannot be recognized at the position of the eye 202R
(Ref. Fig. 4).

[0035] Fig. 6 will be referred to again for the descrip-
tion. Under the state when the first image is displayed,
the main control unit 221 reads out the second image
212 from the RAM 224 when another 1/60 second has
elapsed and the second timing hasbeen reached (Y at
step S306), unless the instruction to stop the display is
generated (N at step S307), and at the same time turns
on the second LED group 248 of the display control unit
232 (step S309). As a result, the second image 212 is
displayed on the LCD panel 241 shown in Fig. 4.
[0036] Fig. 8 depicts the state when the second image
is displayed on the display panel. Under this state, the
second LED group 248 is on and the first LED group 247
is off. Accordingly, a light beam 262 output by the second
LED group 248 is incident upon the prism sheet 242 di-
rectly, or after being reflected by the reflection sheet 245
shown in Fig. 4 and reciprocating in the transparent light
guide plate 246. Then these light beams are emitted in
the second direction 244. Therefore, if the eye 202R is
present in the second direction 244 (Ref. Fig. 4), the eye
202R can view the second image 212. At this moment,
the first image 211 is not formed. Accordingly, the first
image 211 cannot be recognized at the position of the
eye 202L (Ref. Fig. 4).

[0037] Fig. 6 will be referred to again for the descrip-
tion. Once the second image 212 is thus displayed, the
state after splitting the image at the step S304 is restored,
after which the first image and the second image are
repeatedly displayed every 1/60 second, until the instruc-
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tion to stop displaying the image is generated (Y at step
S307) in the mobile phone. The eye 202L, 202R moving
to the left and the right recognizes the first image 211
andthe second image 212 as a constantly presentimage,
because of the afterimage effect. Besides, since the eye
202L, 202R physically moves to the left and the right for
switching these images, the viewer has an illusion that
he or she has swung the head to the left and the right so
as to expand the visual field, thereby recognizing a sheet
of image upon combining those images. Consequently,
the single display panel 203 can display the image in a
twice as large visual field area. If the instruction to stop
the display is generated at the step S307 (), the display
is finished (End).

[0038] Meanwhile, if the user has selected the display
in the normal display mode (N at step S303), a display
control employed in an image display device of a popular
mobile phone or the like is executed (step S310). In other
words, the image is adjusted to the size corresponding
to the display panel 203, for being displayed. In this case,
the image does not have to be switched. Accordingly,
the first LED group 247 and the second LED group 248
are both turned on, so that the user views a sheet of
image from a wider angle range. In the case of the normal
display mode display also, the display is finished (End)
when the instruction to stop the display is generated (Y
at step S311).

[First variation of the invention]

[0039] Fig. 9 illustrates an essential portion of an op-
tical system according to a first variation of the present
invention. This variation employs a light guide plate 401,
which corresponds to the light guide plate 246 (Fig. 4) of
the foregoing exemplary embodiment, and which serves
to switch the direction of a light beam in two directions
according to the incident angle. The light guide plate 401
is provided, on one of the lateral faces 402, with first light
emitting diodes 403 that emitlight so asto make itincident
upon the light guide plate 401 substantially orthogonally
to the lateral face 402, and second light emitting diodes
405 that emit light in a direction rotated by a predeter-
mined angle from the incident angle of the first light emit-
ting diode 403 within a plane parallel to the output surface
404 of the light guide plate 401, the first light emitting
diodes 403 and the second light emitting diodes 405 be-
ing alternately aligned lengthwise of the lateral face 402,
at regular intervals.

[0040] The light guide plate 401 of the first variation
emits the light incident thereon from the first light emitting
diode 403, in a first direction 411 inclined by a predeter-
mined angle from the output surface 404 of the light guide
plate, and emits the lightincident thereon from the second
light emitting diode 405 in a second direction 412 which
is perpendicular to the output surface 404 of the light
guide plate. The second direction 412 does not neces-
sarily have to be perpendicular to the output surface 404,
but it suffices that the second direction 412 is different
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from the first direction 411.

[0041] The light thus split into the first direction 411
and the second direction 412 is incident on a sheet or a
flat plate similar to the prism sheet 242 of the exemplary
embodiment, to be thereby converted into the first direc-
tion 243 and the second direction 244 shown in Fig. 4 of
the exemplary embodiment. Accordingly, turning on the
first light emitting diode 403 in synchronization with the
firstimage 211 described in the exemplary embodiment,
and the second light emitting diode 405 in synchroniza-
tion with the firstimage 212, at an image switching speed
sufficient for producing an afterimage enables displaying
the image under the condition that the single display pan-
el 203 substantially has a twice as large visual field area.

[Second variation of the invention]

[0042] Fig. 10 depicts an essential portion of an optical
system according to a second variation of the present
invention. In the second variation, the direction of the
light beam is switched from a first direction 511 to a third
direction 513 in a direction change sheet similar to the
prism sheet 242 of the exemplary embodiment, to be
output therefrom. As a result, a firstimage 521 to a third
image 523 are respectively displayed within a timing that
produces an afterimage.

[0043] Fig. 11 illustrates a state when an image of a
cloud and the moon above a mountain range is displayed
according to the second variation. Since the first to the
third image sequentially appears according to the viewing
position, the user of the mobile phone can recognize an
image corresponding to three display panels sequentially
and horizontally connected. Naturally the image that can
be viewed at a time is of the size of a single display panel
203, however as the user shifts the eye position the dis-
play area of the image is expanded to substantially three
times as large.

[0044] While the large display mode is performed by
switching from the first to the third image according to
the second variation, the image display in the normal
display mode may be performed by outputting the light
beam in all of the first direction 511 to the third direction
513, or by outputting only the central light beam in the
second direction 512. In the case of utilizing only the light
beam in the second direction 512, the visual field range
that provides a clear view of the display panel 203 is
narrowed. Accordingly, for example, when the user is in
a train and would not like the person on the adjacent seat
to see the image, it is appropriate to output only the light
beam in the second direction 512. Thus, when displaying
the image in the normal display mode, selecting the di-
rection in which the light beam is to be output allows
adjusting the range of the angle of view.

[0045] [Third variation of the invention]

[0046] Fig. 12 shows an outline of the circuit configu-
ration of a mobile phone according to a third variation of
the present invention. A mobile phone 200C according
to this variation further includes a horizontal angle detec-
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tor 601 in addition to the structure of the mobile phone
200 according to the foregoing exemplary embodiment.
The horizontal angle detector 601 serves to detect wheth-
er the display panel of the mobile phone 200C is sub-
stantially horizontal or inclined, so as to switch the image
to be displayed on the display panel 203 according to
three detected angles. Although a main control unit221C
has the same configuration as the main control unit 221
according to the embodiment, a ROM 223C stores there-
in a control program designed for the mobile phone 200C
of this variation. The horizontal angle detector 601 may
be embodied with various sensors that can detect incli-
nation.

[0047] Fig. 13 indicates a display process in the large
display mode according to the third variation. It will be
assumed that the image to be displayed at the step S302
of Fig. 6 is stored in the memory. Under such state, the
main control unit 221C decides whether the large display
mode has been selected (step S701). In the case of the
normal display mode (N), the process according to step
S310 and thereafter in Fig. 6 is performed, and hence
the drawings and the description will not be repeated.
[0048] On the other hand, if the large display mode is
set (Y at step S701), the image is split into three portions,
and each of them s stored in the respectively correspond-
ing memory regions (step S702). Then, the horizontal
angle detector 601 decides whether the display panel is
substantially horizontally retained (step S703). Here, the
term of "substantially horizontal" refers to a state when
the front side of the user’s face and the display panel 203
are substantially parallel. Accordingly, the term includes
the state when the display panel 203 is substantially hor-
izontally oriented literally, and when the user retains the
mobile phone 200C by hand such that the display panel
is inclined forward for comfortably viewing. In both those
states, the user is looking at the display panel in front of
his/her face.

[0049] If the mobile phone 200C is substantially hori-
zontal (Y at step S703), the LED group that outputs the
light beam in the second direction 512 in Fig. 10 is turned
on, and under such a state the second image 522 is read
out from the corresponding memory region, and dis-
played (step S704). The display of the second image 522
is continued as long as the horizontal angle detector 601
detects that the display panel is substantially horizontal,
and unless the instruction to stop the display is generated
(N at step S705).

[0050] When the user wishes to view the image ex-
tending to the left of the second image 522 being dis-
played, the user slightly rotates the mobile phone 200C
in his/her hand clockwise, so that the left-side edge of
the display panel 203 moves away from the user, from
the frontal orientation. When the horizontal angle detec-
tor 601 resultantly detects the rotation (Y at step S706),
the main control unit 221C turns on the LED group that
outputs the light beam in the first direction 511 instead,
and under such state the firstimage 521 is read out from
the corresponding memory region, and displayed (step
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S707). The display of the firstimage 521 is continued as
long as the horizontal angle detector 601 detects the state
where the display panel is inclined clockwise, and unless
the instruction to stop the display is generated (N at step
S705).

[0051] On the other hand, when the user wishes to
view the image extending to the right of the second image
522 currently displayed, the user slightly rotates the mo-
bile phone 200C in his/her hand counterclockwise, op-
posite to the clockwise direction. When the horizontal
angle detector 601 resultantly detects the rotation (Y at
step S706), the main control unit 221C turns on the LED
group that outputs the light beam in the third direction
513 instead, and under such state the third image 523 is
read out from the corresponding memory region, and dis-
played (step S708). The display of the third image 523
is continued as long as the horizontal angle detector 601
detects the state when the display panel is inclined coun-
terclockwise, and unless the instruction to stop the dis-
play is generated (N at step S705).

[0052] Thus, according to the third variation of the
present invention, the user can sequentially switch the
spatial region so as to recognize the three images as if
being a sheet of continuous image, simply by rotating the
mobile phone 200C such that an edge portion of the dis-
play panel 203 moves away and the other edge portion
thereof comes closer, instead of moving his/her face. In
this case, moreover, the images corresponding to the
respective spatial positions do not have to be displayed
so as to create the afterimage, which leads to reduced
power consumption. Naturally, the images can still be
switched by the rotation with the same structure of the
mobile phone as the foregoing exemplary embodiment,
without incorporating the horizontal angle detector 601.
[0053] The display can be switched to images corre-
sponding to two or three, or a larger number of display
panels, by moving the display panel 203 to the left and
the right from the frontal position, instead of rotating the
mobile phone 200C as above. To be more detailed, when
a rightward movement of the user’s palm holding the mo-
bile phone 200C is detected, the first image 521 is dis-
played on the display panel 203, and when a leftward
movement is detected the third image 523 is displayed
on the display panel 203. The movement direction can
be detected, for example in the case where the camera
unit 223 is located on the same side of the mobile phone
200C as thedisplay panel, by distinguishing with the cam-
era in which direction the user’s face, being the photo-
graphic subject, is shifted. Naturally, an acceleration sen-
sor can also be employed for distinguishing the moving
direction.

[Fourth variation of the invention]

[0054] Fig. 14 indicates a display process of a moving
image in the large display mode according to a fourth
variation of the present invention. In the fourth variation,
the movingimage is to be reproduced with the same hard-
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ware as that of the foregoing exemplary embodiment.
Once an instruction to reproduce the moving image in
the large display mode is generated (Y at step S801), a
parameter "m" that identifies the frame for the image to
be displayed is initialized to "1" (step S802). Then the
image of the m-th frame (in this case, the first frame) is
retrieved (step S803). The image thus retrieved is then
split into two portions so as to display a first image and
a second image, and the data of the splitimages is sep-
arately stored in two memory regions (not shown) (step
S804).

[0055] Inthis variation, in the case when the firstimage
and the second image are to be sequentially displayed,
for example, every 1/60 second, the process enters a
standby mode for a first timing to display the first image
(step S805). Upon arrival of the first timing (Y), the first
image, split into two portions and stored in the memory
regions at the step S804, is read out. At this moment, the
first LED group 247 is turned on (step S806). As a result,
the first LED group 247 is turned on and the light of the
image is output in the first direction 243.

[0056] Then the process enters the standby mode for
a second timing to display the second image (step S807).
Upon arrival of the second timing (Y), the second image,
split into two portions and stored in the memory regions
at the step S804, is read out. At this moment, the second
LED group 247 is turned on (step S808). As a result, the
first LED group 247 is turned on and the light of the image
is output in the first direction 243.

[0057] When the image of the first frame is thus dis-
played in the size corresponding to two display panels,
it is checked whether the instruction to stop the display
process of the moving image in the large display mode
has been generated, either by reaching the end of the
moving image or by the user’s instruction (step S809). If
the instruction to stop the display process of the moving
image in the large display mode has not been generated
(N), the parameter "m" is increased by 1, and the process
returns to the step S803. In other words, in this case the
"m"is setas "2" and the process returns to the step S803,
so that the image of the second frame is retrieved. There-
after,a similar process to the above is performed. When
it is confirmed that the instruction to stop the display is
generated at the step S809, the display process is fin-
ished (End).

[0058] Asabove, when the instruction toreproduce the
moving image in the large display panel is generated,
each frame that constitutes the moving image is sequen-
tially read out, so that the moving image is reproduced
such that the image corresponding to two display panels
is continuously recognized, as in the case of the still im-
age according to the foregoing exemplary embodiment.
In the case when the instruction to display the moving
image in the normal display mode is generated at the
step S801, the display process of the moving image in
the normal display mode is performed.

[0059] Although the fourth variation describes the re-
production of the moving image corresponding to two
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display panels, it is equally possible to reproduce the
moving image corresponding to three display panels.
[0060] Also,inthe exemplary embodimentand the var-
iations, the image display in the large display mode is
performed based on viewing with one eye, however this
is not the only form. In other words, in the case when the
user views the image with both eyes also, the present
invention can likewise be applied.

[0061] Further, although the exemplary embodiment
represents the case when the presentinventionis applied
to the image display device of the mobile phone, it is a
matter of course that the present invention is applicable
to all such devices that display an image, except those
equipped with a very large-scaled display panel.

Claims
1. Animage display device comprising:

a display panel that displays a sheet of image;
a spatial region setting unit that defines a plu-
rality of spatial regions where an image dis-
played on said display panel can be visually rec-
ognized from mutually different spatial positions;
an image splitter that splits an image having a
larger display area than said sheet of image cor-
responding to a display area of said display pan-
el, into a plurality of sheets of images respec-
tively corresponding to each of said plurality of
spatial regions; and

an image display unit that causes said display
panel to display in a split manner said plurality
of sheets of images in different display direc-
tions, such that each of said plurality of sheets
of images split by said image splitter can be vis-
ually recognized from the corresponding one of
said mutually different spatial positions.

2. The image display device according to claim 1,
wherein said image display unit causes said display
panel to alternately display each of said plurality of
sheets of images formed by splitting said image, at
a switching cycle that creates an afterimage in said
mutually different spatial positions.

3. The image display device according to claim 1, fur-
ther comprising:

aninclination detector that detects aninclination
of said display panel;

wherein said image display unit displays one of
said plurality of sheets of images in correlation
with said spatial region, according to a detection
result provided by said inclination detector.

4. The image display device according to claim 1, fur-
ther comprising:



15 EP 2 001 010 A9 16

a horizontal position detector that detects a hor-
izontal position of said display panel;

wherein said image display unit displays one of
said plurality of sheets of images in correlation
with said spatial region, according to a detection
result provided by said horizontal position de-
tector.

The image display device according to claim 1,
wherein said spatial region setting unit includes a
selective light emitting unit that selectively emits light
in a plurality of different directions, and a light path
setting unit that sets a plurality of directions where a
content on said display panel can be viewed, accord-
ing to adirection of said light emitted by said selective
light emitting unit.

The image display device according to claim 1, fur-
ther comprising:

alightemitting diode that alternatively emits light
along different paths, and a prism sheet that out-
puts light in one of a plurality of directions ac-
cording to an incident angle.

The image display device according to claim 2, fur-
ther comprising:

alight emitting diode that alternatively emits light
along different paths, and a prism sheet that out-
puts light in one of a plurality of directions ac-
cording to an incident angle.

The image display device according to claim 3, fur-
ther comprising:

alight emitting diode that alternatively emits light
along different paths, and a prism sheet that out-
puts light in one of a plurality of directions ac-
cording to an incident angle.

The image display device according to claim 4, fur-
ther comprising:

alight emitting diode that alternatively emits light
along different paths, and a prism sheet that out-
puts light in one of a plurality of directions ac-
cording to an incident angle.

10. A method of displaying an image, comprising:

splitting an image having a larger display area
than a sheet ofimage corresponding to a display
area of a display panel, into a plurality of sheets
of images respectively corresponding to each of
a plurality of predetermined spatial regions; and
sequentially selecting one of said sheets of im-
ages split in said splitting an image and corre-
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sponding to said spatial region designated for
viewing among said plurality of spatial regions,
and causing said display panel to display said
selected image.

11. The method according to claim 10, wherein said im-

age is one of a plurality of images that constitutes a
moving image.
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