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(57) ABSTRACT

A mobile terminal device includes a display module which
displays a screen; a photographing module which is config-
ured to face substantially the same direction as the screen; a
determining module which determines, based on an image
photographed by the photographing module, whether a state
of a user facing the screen coincides with a predetermined
determination condition indicating that the user has difficulty
in browsing the screen; and a display changing module which
changes a current display manner of the screen to a display
manner that enhances visibility of characters displayed on the
screen, as compared with the current display manner, based
on a determination result by the determining module that the
state of the user coincides with the determination condition.
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MOBILE TERMINAL DEVICE, STORAGE
MEDIUM, AND DISPLAY CONTROL
METHOD

[0001] This application claims priority under 35 U.S.C.
Section 119 of Japanese Patent Application No. 2011-255864
filed Nov. 24, 2011, entitled “MOBILE TERMINAL
DEVICE, PROGRAM, AND DISPLAY CONTROL
METHOD”. The disclosure of the above application is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a mobile terminal
device such as a mobile phone, a PDA (Personal Digital
Assistant), a tablet PC, and an electronic book reader; a stor-
age medium storing a computer program suitable for use in
the mobile terminal device; and a display control method
suitable for use in the mobile terminal device.

[0004] 2. Disclosure of Related Art

[0005] Conventionally, there has been known a mobile ter-
minal device capable of changing the size of characters dis-
played on a screen of the mobile terminal device in response
to user’s manipulation.

[0006] Inthe aforementioned mobile terminal device, how-
ever, user’s manipulation is necessary to enlarge the charac-
ters. Accordingly, in the case where the user does not know
how to enlarge the characters, for instance, the user cannot
promptly enlarge the characters, regardless of the user’s
intention.

[0007] In the case where the user faces a situation that the
user has difficulty in browsing a screen including characters,
it is desirable to change the display manner of the screen in
such a way as to enhance the visibility of the characters by e.g.
enlarging the characters, as necessary.

SUMMARY OF THE INVENTION

[0008] A first aspect of the invention is directed to a mobile
terminal device. The mobile terminal device according to the
first aspect includes a display module which displays a
screen; a photographing module which is configured to face
substantially the same direction as the screen; a determining
module which determines, based on an image photographed
by the photographing module, whether a state of a user facing
the screen coincides with a predetermined determination con-
dition indicating that the user has difficulty in browsing the
screen; and a display changing module which changes a cur-
rent display manner of the screen to a display manner that
enhances visibility of characters displayed on the screen, as
compared with the current display manner, based on a deter-
mination result by the determining module that the state of the
user coincides with the determination condition.

[0009] A second aspect of the invention is directed to a
storage medium which stores a computer program to be
applied to the mobile terminal device. The mobile terminal
device is provided with a display module which displays a
screen, and a photographing module which is configured to
face substantially the same direction as the screen. The com-
puter program provides a computer in the mobile terminal
device with a function of determining, based on an image
photographed by the photographing module, whether a state
of a user facing the screen coincides with a predetermined
determination condition indicating that the user has difficulty
in browsing the screen, and a function of changing a current
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display manner of the screen to a display manner that
enhances visibility of characters displayed on the screen, as
compared with the current display manner, based on a deter-
mination result that the state of the user coincides with the
determination condition.

[0010] A third aspect of the invention is directed to a dis-
play control method for a mobile terminal device provided
with a display module which displays a screen, and a photo-
graphing module which is configured to face substantially the
same direction as the screen. The display control method
according to the third aspect includes a step of determining,
based on an image photographed by the photographing mod-
ule, whether a state of a user facing the screen coincides with
a predetermined determination condition indicating that the
user has difficulty in browsing the screen, and a step of chang-
ing a current display manner of the screen to a display manner
that enhances visibility of characters displayed on the screen,
as compared with the current display manner, based on a
determination result that the state of the user coincides with
the determination condition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other objects, and novel features of the
present invention will become more apparent upon reading
the following detailed description of the embodiment along
with the accompanying drawings.

[0012] FIG. 1 is a diagram showing an external configura-
tion of a mobile phone embodying the invention.

[0013] FIGS. 2A and 2B are respectively a block diagram
showing the overall configuration of the mobile phone, and a
table showing an example of a program list in the embodi-
ment.

[0014] FIGS. 3A and 3B are diagrams each showing an
example of a photographed image, and an image of a user’s
face included in the photographed image in the embodiment.
[0015] FIGS. 4A and 4B are diagrams respectively show-
ing a screen before characters are enlarged by a display
changing module, and a screen after the characters are
enlarged by the display changing module in the embodiment.
[0016] FIG. 5 is a flowchart showing a display control
processing in the embodiment.

[0017] FIG. 6 is a block diagram showing the overall con-
figuration of a mobile phone in a first modification.

[0018] FIGS. 7A through 7C are diagrams each showing an
example of a distance between a display surface and a user’s
face, and FIGS. 7E through 7F are diagrams each showing a
photographed image at each distance in the first modification.
[0019] FIG. 8 is a flowchart showing a display control
processing in the first modification.

[0020] FIG. 9 is a block diagram showing the overall con-
figuration of a mobile phone in a second modification.
[0021] FIG. 10A is a diagram for describing a viewing
position on a display surface in the second modification, and
FIG. 10B is a flowchart showing a display control processing
in the second modification.

[0022] FIG. 11A is a flowchart showing a display control
processing in a third modification, and FIG. 11B is a diagram
showing an example of an image to be displayed on a display
surface for asking a user whether character enlargement is
necessary in the third modification.

[0023] FIG. 12A is a flowchart showing a display control
processing in a fourth modification, and FIG. 12B is a dia-
gram showing an example of an icon for use in character
enlargement on a screen in the fourth modification.
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[0024] FIGS. 13A and 13B are flowcharts showing display
control processings in other modifications.

[0025] FIGS. 14A through 14D are flowcharts showing
display control processings in other modifications.

[0026] The drawings are provided mainly for describing
the present invention, and do not limit the scope of the present
invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0027] In the following, an embodiment of the invention is
described referring to the drawings.

[0028] FIG. 1 is a front view showing an external configu-
ration of a mobile phone 1.

[0029] The mobile phone 1 is provided with a cabinet 2, a
display surface 3, alens window 4, a microphone 5, a speaker
6, and a key operation part 7.

[0030] The display surface 3 is disposed on the front sur-
face of the cabinet 2. The display surface 3 corresponds to a
display plane of a display module (see FIG. 2A) to be
described later. A screen is displayed on the display surface 3.
[0031] The lens window 4 is formed in such a manner as to
face the front side of the cabinet 2, in other words, face the
direction in which a screen to be displayed on the display
surface 3 is disposed. An image of a subject facing the front
side of the cabinet 2, such as the face of a user browsing a
screen is captured by a photographing module 15 through the
lens window 4.

[0032] The microphone 5 outputs an electrical signal in
accordance with an inputted sound to a sound processing
module (see FIG. 2A) to be described later. The speaker 6
outputs a sound in accordance with an electrical signal to be
inputted from the sound processing module.

[0033] The key operation part 7 is provided on the cabinet
2. The key operation part 7 is composed of keys such as soft
keys and hard keys. Various functions in accordance with e.g.
a running program are assigned to the respective keys.
[0034] FIG. 2A is a block diagram showing the overall
configuration of the mobile phone 1.

[0035] The mobile phone 1 is provided with a control mod-
ule 11, a storage module 12, a display module 13, an opera-
tion input module 14, the photographing module 15, a sound
input module 16, a sound output module 17, a sound process-
ing module 18, a key operation input module 19, and a com-
munication module 20.

[0036] The storage module 12 is constituted of e.g. an ROM
and an RAM. The storage module 12 stores therein programs
21. The programs 21 are constituted of a control program for
controlling the modules of the mobile phone 1, and various
application programs (hereinafter, simply called as “applica-
tions”) (such as an electronic mail application, a browser
application, a phonebook application, and an electronic book
browser application). The programs 21 also include programs
for executing the functions of a determining module 31, a
display changing module 32, a face detecting module 33, and
an age estimating module 34 to be described later.

[0037] The storage module 12 is also used as a working area
which stores data to be temporarily used or generated in the
course of executing the programs 21.

[0038] The control module 11 is constituted of e.g. a CPU.
The control module 11 executes various applications by con-
trolling the modules constituting the mobile phone 1 such as
the storage module 12, the display module 13, the operation
input module 14, the photographing module 15, the sound
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output module 17, the sound input module 16, the sound
processing module 18, and the key operation input module 19
in accordance with the control program.

[0039] The display module 13 displays a screen on the
display surface 3, based on a control signal and an image
signal from the control module 11. The display module 13 is
constituted ofe.g. aliquid crystal display. The display module
13 may be constituted of other display device such as an
organic EL display, in place of a liquid crystal display.
[0040] The operation input module 14 is constituted of'e.g.
a touch sensor for detecting contact of an object such as a
user’s fingertip or a touch pen (hereinafter, simply called as
“the fingertip”) with the display surface 3. The touch sensor is
integrally formed with the liquid crystal display to thereby
constitute a touch panel. The touch sensor is formed into a
transparent sheet-like member, and is disposed in such a
manner as to cover the display surface 3.

[0041] The operation input module 14 receives user’s input
of'touching the display surface 3. The operation input module
14 detects a position on the display surface 3 where the
fingertip has touched, as an input position; and outputs a
position signal indicating the detected input position to the
control module 11.

[0042] The user is allowed to perform various manipula-
tions such as touching, tapping, sliding, and flicking on the
display surface 3 by contacting the fingertip with the display
surface 3. Inthe specification, “touching” is a manipulation of
touching the display surface 3 with the fingertip; “tapping” is
a manipulation of tapping the display surface 3 with the
fingertip, followed by releasing the fingertip from the display
surface 3; “flicking” is a manipulation of flicking the display
surface 3 with the fingertip (manipulation of touching the
display surface 3 with the fingertip, followed by moving the
fingertip at a certain speed on the display surface 3 and releas-
ing the fingertip from the display surface 3); and “sliding™ is
amanipulation of slidably moving the fingertip on the display
surface 3 by a certain distance while keeping the fingertip in
contact with the display surface 3, followed by releasing the
fingertip from the display surface 3.

[0043] The touch sensor constituting the operation input
module 14 may be any one of various types of touch sensors
such as electrostatic capacitive sensors, ultrasonic sensors,
pressure sensitive sensors, resistive sensors, and photosensi-
tive sensors.

[0044] The photographing module 15 is constituted of an
imaging element such as a CCD sensor or a CMOS sensor for
sensing a light image entered through the lens window 4, an
A/D conversion circuit which performs A/D conversion to a
signal outputted from the imaging element, and a correction
circuit which applies correction (such as gamma correction)
to a signal which has undergone A/D conversion. The photo-
graphing module 15 transmits, to the control module 11, a
digital signal representing an image (hereinafter, called as a
“photographed image”), which has been generated by a pho-
tographing operation.

[0045] The sound input module 16 is constituted of e.g. the
microphone 5. The sound input module 16 outputs an elec-
trical signal from the microphone 5 to the sound processing
module 18.

[0046] The sound output module 17 is constituted of e.g.
the speaker 6. The sound output module 17 inputs an electri-
cal signal from the sound processing module 18, and outputs
a sound from the speaker 6.
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[0047] The sound processing module 18 performs e.g. A/D
conversion to an electrical signal from the sound input mod-
ule 16, and outputs a digital sound signal which has under-
gone A/D conversion to the control module 11. The sound
processing module 18 performs e.g. decoding and D/A con-
version to a digital sound signal from the control module 11,
and outputs an electrical signal which has undergone D/A
conversion to the sound output module 17.

[0048] The key operation input module 19 outputs, to the
control module 11, a signal corresponding to each key in
response to user’s depressing the keys in the key operation
part 7.

[0049] The communication module 20 is provided with an
antenna for transmitting/receiving radio wave for use in
phone call or communication. The communication module 20
converts a signal for use in phone call or communication to be
inputted from the control module 11 into a radio signal, and
transmits the converted radio signal to a communication des-
tination such as a base station or other communication device
via the antenna. Further, the communication module 20 con-
verts the radio signal received via the antenna into a signal of
a format usable by the control module 11, and outputs the
converted signal to the control module 11.

[0050] The mobile phone 1 of the embodiment has a func-
tion of automatically determining whether it is necessary to
enlarge the characters for enlarging the on-screen characters.
To run a program for executing the aforementioned function,
the storage module 12 stores a program list 22; and the control
module 11 is provided with the determining module 31, the
display changing module 32, the face detecting module 33,
and the age estimating module 34. The program list 22 cor-
responds to “information” in claim 6.

[0051] FIG. 2B is a table showing an example of the pro-
gram list 22. In the program list 22, there is registered, as one
of the programs 21 to which a determining processing (to be
executed by the determining module 31) of determining
whether character enlargement is necessary, a program for
displaying a screen mainly composed of characters in execut-
ing various applications such as an electronic mail applica-
tion, a phonebook application, a basic setting application, a
web browser application, and an electronic book browser
application.

[0052] The determining module 31 determines whether the
user facing the display surface 3 has difficulty in browsing the
screen, based on a photographed image acquired by the pho-
tographing module 15.

[0053] FIGS. 3A and 3B are diagrams each showing an
example of a photographed image C acquired by the photo-
graphing module 15, and a user’s face B included in the
photographed image C. In the case where the user uses the
mobile phone 1, in response to driving of the photographing
module 15, the photographing module 15 photographs the
front side of the cabinet 2 (a region where the user’s face is
included). By performing the above operation, the control
module 11 acquires, from the photographing module 15, a
photographed image C including the face B of a young man as
shown in e.g. FIG. 3A, or a photographed image C including
the face B of an old man as shown in e.g. FIG. 3B.

[0054] The determining module 31 determines whether the
user has difficulty in browsing the screen, based on a prede-
termined determination condition relating to the photo-
graphed image C. Firstly, the age y of the user is estimated,
based on the photographed image C including the user’s face
B by the face detecting module 33 and the age estimating

May 30, 2013

module 34 to be described later. The determining module 31
determines whether the estimated age y is equal to or larger
than a predetermined threshold value Y (e.g. Y=65). In this
example, the threshold valueY is set to a value in the range of
from about 50 to 90.

[0055] Inthe case where the user is an elderly person, it is
highly likely that the user has difficulty in discerning the
characters of an ordinary size on a screen due to e.g. deterio-
ration of eyesight. In the case where the determining module
31 determines that the estimated age of the user is equal to or
larger than the threshold value Y, the determining module 31
determines that the user has difficulty in browsing the screen
because the user is an elderly person.

[0056] For instance, the determining module 31 determines
that y<65 with respect to the photographed image C shown in
FIG. 3A, and determines that y=65 with respect to the pho-
tographed image C shown in FIG. 3B.

[0057] The display changing module 32 controls the dis-
play module 13 to enlarge the characters on a screen dis-
played on the display surface 3.

[0058] For instance, the display changing module 32
enlarges and displays a part of a screen displayed on the
display surface 3 to a size corresponding to the entirety of the
display surface 3 in enlarging the characters. Alternatively,
the display changing module 32 may change the font and the
size of the characters, while substantially keeping the overall
layout on the screen.

[0059] FIGS. 4A and 4B are diagrams respectively show-
ing an example of a screen before the characters are enlarged
by the display changing module 32, and an example of a
screen after the characters are enlarged by the display chang-
ing module 32. Referring to FIGS. 4A and 4B, a screen for
basic setting is displayed on the display surface 3. In this
example, the program 21 relating to “basic setting” is a pro-
gram for allowing the user to perform various settings (e.g.
character size setting, communication setting, sound setting,
and security setting) relating to the overall usage environment
of the mobile phone 1. The “basic setting” program is regis-
tered in the program list 22 (see FIG. 2B).

[0060] Thecharacters A are displayed on the screens shown
in FIGS. 4A and 4B.

[0061] Inthe case where the determining module 31 deter-
mines that the user has difficulty in browsing a screen in a
state that the basic setting screen is displayed on the display
surface 3, as shown in FIG. 4A, the display changing module
32 enlarges the characters A displayed as shown in FIG. 4A
into the characters A as shown in FIG. 4B. The characters A
after the enlargement shown in FIG. 4B are relatively larger
than the characters A shown in FIG. 4A.

[0062] The details of the face detecting module 33 and the
age estimating module 34 are described in the following.
[0063] The face detecting module 33 extracts a region
mainly composed of a skin color, as a face image candidate,
from a photographed image C. Then, the face detecting mod-
ule 33 detects facial features such as the eyes, the nose, the
mouth, and the wrinkles in the extracted region, based on a
color or pattern distribution in the region. In the case where a
facial feature is detected with a predetermined degree of
accuracy in the region, the face detecting module 33 detects
the face B from the photographed image C, based on a deter-
mination that the region is an area corresponding to the image
of the face B.

[0064] The age estimating module 34 executes a processing
of'estimating the age y of the user, from the detected image of
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the face B. The age estimating module 34 extracts a parameter
depending on the age, based on e.g. the shapes and relative
positions of facial portions such as the eyes, the nose, the
mouth, the ears, and the wrinkles, and the outline of the face
B in the image of the face B. The age estimating module 34
estimates the age ofthe user based on the extracted parameter.

[0065] For instance, the age estimating module 34 esti-
mates that the user is twenty-five years old (y=25), based on
the image of the user’s face B shown in FIG. 3A. Further, the
age estimating module 34 estimates that the user is seventy
years old (y=70), based on the image of the user’s face B
shown in FIG. 3B.

[0066] The age estimation method is described in detail in
e.g. JP-A 09-230751.

[0067] FIG. 5 is a flowchart showing a display control
processing in the embodiment. The display control process-
ing shown in FIG. 5 is started in response to user’s activation
of a program 21 such as an electronic mail application or a
basic setting application.

[0068] In the case where the program activated by the user
is registered in the program list 22 (S101: YES), the control
module 11 activates the photographing module 15 for acquir-
ing a photographed image for use in the determining process-
ing (S102).

[0069] In the case where the activated program is not reg-
istered in the program list 22 (S101: NO), the control module
11 finishes the display control processing shown in FIG. 5,
based on a determination that character enlargement is not
necessary.

[0070] After the photographing module 15 is activated
(8102), the face detecting module 33 detects a user’s face B
from a photographed image C acquired by the photographing
module 15 in the aforementioned manner (S103). The age
estimating module 34 estimates the user’s age y, based on the
image of the face B detected by the face detecting module 33
in the aforementioned manner (S104).

[0071] The determining module 31 determines whether the
agey estimated by the age estimating module 34 is equal to or
larger than the threshold valueY (y2Y) (S105). For instance,
in the case where the determining module 31 determines that
the determination condition y=Y is satisfied as described
with respect to the photographed image C shown in FIG. 3B
(8105: YES), the display changing module 32 enlarges the
characters A on the screen displayed on the display surface 3,
as shown in FIG. 4B (S8106). After the characters A are
enlarged, the control module 11 stops the photographing
module 15 (S107), and finishes the display control process-
ing.

[0072] The control module 11 may cause the sound output
module 17 to reproduce a predetermined sound for notifying
the user that the characters A are enlarged by e.g. outputting
amessage “the characters are enlarged”, before the characters
A are enlarged in Step S106. By reproducing the sound, the
user is allowed to recognize in advance that the display man-
ner ofthe screen is changed. Alternatively, the control module
11 may cause the display surface 3 to display a message “the
characters are enlarged”.

[0073] In the case where the determination condition y=Y
is not satisfied as described with respect to the photographed
image C shown in FIG. 3 A, in other words, in the case where
the determining module 31 determines that y<Y (S105: NO),
the control module 11 stops the photographing module 15,
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based on a determination that enlargement of the characters A
is not necessary (S107), and finishes the display control pro-
cessing.

[0074] As described above, in the configuration of the
embodiment, the determining module 31 determines, based
on a photographed image C, whether the state of the user
facing a screen displayed on the display surface 3 coincides
with a determination condition indicating that the user has
difficulty in browsing the screen displayed on the display
surface 3. In this example, the determination condition is that
the age y estimated by the age estimating module 34 exceeds
the predetermined threshold value Y. In the case where it is
determined that the estimated age y is equal to or larger than
the threshold value Y, the display changing module 32
enlarges the characters A on the screen displayed on the
display surface 3, based on a determination that enlargement
of the characters A is necessary. In other words, the display
changing module 32 changes a current display manner of the
screen to a display manner that enhances the visibility of the
characters A, as compared with the current display manner.
[0075] Thus, in the above configuration, a current display
manner of a screen is changed to a display manner that
enhances the visibility of the characters A, as necessary, in a
condition that the user has difficulty in browsing a screen
displayed on the display surface 3, and accordingly, the user
wishes to enhance the visibility of the characters A.

[0076] Further, in the configuration of the embodiment, the
determining processing by the determining module 31 is
applied to a program 21 registered in the program list 22.
Accordingly, enlargement of the characters A is suppressed
during execution of a program 21 that does not require
enhancing the visibility of the characters A (enlarging the
character A). Further, in the case where a program 21 that is
not registered in the program list 22 is activated, the photo-
graphing module 15 is not driven. This is advantageous in
suppressing electric power consumption.

First Modification

[0077] FIG. 6 is a block diagram showing the overall con-
figuration of a mobile phone 1 in the first modification. In the
block diagram shown in FIG. 6, the age estimating module 34
shown in the block diagram of FIG. 2A is replaced by a size
detecting module 35. The size detecting module 35 is imple-
mented as a function of a program to be executed by a control
module 11.

[0078] FIGS. 7A through 7C are diagrams each showing a
distance between a display surface 3 and a user’s face B.
FIGS. 7D through 7F are diagrams each showing an example
of'a photographed image C, in which the distance between the
display surface 3 and the user’s face B coincides with the
distance shown in each diagram of FIGS. 7A through 7C.
[0079] The size detecting module 35 detects the size of the
area corresponding to a face B included in the photographed
image C, as shown in FIGS. 7D through 7F. Specifically, the
size detecting module 35 detects the width L. of the user’s face
B in the photographed image C, as a quantity representing the
size of the area corresponding to the face B.

[0080] Thewidth L' (see FIG. 7E) to be detected by the size
detecting module 35 in the case where the user’s face B comes
close to the display surface 3 from the state shown in FIG. 7A
to the state shown in FIG. 7B is larger than the width L (see
FIG. 7D) detected by the size detecting module 35 before the
user’s face B comes close to the display surface 3. Further, the
width L' (see FIG. 7F) to be detected by the size detecting
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module 35 in the case where the user’s face B is away from the
display surface 3 from the state shown in FIG. 7A to the state
shown in FIG. 7C is smaller than the width L. (see FIG. 7D).

[0081] The size detecting module 35 may be configured to
extract various parameters other than the width of the face B,
as far as a change in the distance between the display surface
3 and the face B can be evaluated based on the photographed
image C acquired by a photographing module 15. For
instance, the size detecting module 35 may be configured to
extract a distance between characteristic portions of the
user’s face such as the eyes, the nose, and the ears, or a
largeness of the area of the entirety of the face B, or a large-
ness of the area of a specific portion of the face B, as a quantity
representing the size of the area corresponding to the face B in
the photographed image C.

[0082] Inthe modification, a determining module 31 deter-
mines that the user has difficulty in browsing the screen, in the
case where a change amount of the width of the face detected
by the size detecting module 35 exceeds a predetermined
threshold value within a predetermined period.

[0083] FIG. 8 is a flowchart showing a display control
processing in the modification. The flowchart shown in FIG.
8 is a flowchart, in which the processings of Steps S104 and
S105 in the flowchart shown in FIG. 5 are replaced by pro-
cessings of Steps S111 through S116.

[0084] After a user’s face is detected from a photographed
image C acquired by the photographing module 15 (S103),
the size detecting module 35 detects the width L of the face B
(S111).

[0085] After the width L of the face B is detected, the
control module 11 waits for a predetermined time T1 (S112).
The duration of the predetermined time T1 is set in advance
approximately to a duration of a time (e.g. several hundred
milliseconds to several seconds) required for the user to
change the distance between the display surface 3 and the face
due to e.g. a reason that the user has difficulty in reading the
characters A displayed on the display surface 3.

[0086] After the predetermined time T1 elapses, a face
detecting module 33 detects a face B from a photographed
image C in the same manner as described in the processing of
Step S103 (S113). The size detecting module 35 detects the
width L' of the face B detected in Step S113 in the same
manner as the processing of Step S111 (S114).

[0087] The determining module 31 determines whether the
change amount between the two widths L. and L' detected in
Step S111 and Step S114 is equal to or larger than a prede-
termined threshold value. Firstly, the determining module 31
acquires a ratio: r=L'/L. between the two widths L. and L' by a
computation (S115), and determines whether the ratio r sat-
isfies the condition: r<R1 or r>R2 (S116).

[0088] Inthis example, R1 and R2 are threshold values e.g.
R1=0.9 and R2=1.1. The threshold value R1 may be set in the
range of from about 0.5 to 0.95, for instance. The threshold
value R2 may be setto 1/R1, or in the range of from about 1.05
to 2, for instance.

[0089] In the case where the face B comes close to the
display surface 3 from the state shown in FIGS. 7A and 7D to
the state shown in FIGS. 7B and 7E, for instance, the ratio
r=1.5 is acquired. In this case, it is determined that r>R2
(S116: YES).

[0090] Likewise, in the case where the face B is away from
the display surface 3 from the state shown in FIGS. 7A and 7D

May 30, 2013

to the state shown in FIGS. 7C and 7F, for instance, the ratio
r~0.8 is acquired. In this case, it is determined that r<R1
(S116: YES).

[0091] Inthe case where the user fixes the face with respect
to the display surface 3, the acquired ratio r is substantially
equal to one. In this case, the determination result in Step
S116 is negative, and the control returns to the processing of
Step S112. In this case, the processings of Steps S112 through
S116 are repeatedly executed until the determining module
31 determines that the determination result is positive in Step
S116.

[0092] In the case where the processings of Steps S112
through S116 are repeatedly executed, the ratio r=L"/L. may
be acquired in Step S115, based on the width L detected in the
processing of previously executed Step S114 and based on the
width L' to be detected in the processing of currently executed
Step S114, in place of Step S111. In this case, the determining
module 31 executes the determining processing in Step S116,
based on the ratio r (S116).

[0093] In the case where the ratio r satisfies r>R2, it is
regarded that the user’s face B is away from the display
surface 3 to read the characters A more clearly, because the
user has difficulty in reading the characters A on the screen at
the first-time display position. Further, in the case where the
ratio r satisfies r<R1, it is regarded that the user’s face B
comes close to the display surface 3 to read the characters A
more clearly, because the user has difficulty in reading the
characters A on the screen at the first-time display position.
[0094] Accordingly, in the case where the determining
module 31 determines that the ratio r satisfies r>R2 or r<R1
(S116: YES), the display changing module 32 enlarges the
characters A on the screen currently displayed on the display
surface 3, as shown in FIG. 4B (5106).

[0095] As described above, in the above configuration of
the modification, in the case where the distance between the
display surface 3 and the user’s face B is changed (the user’s
face is away from the display surface 3 or comes close to the
display surface 3) due to e.g. a reason that the user has diffi-
culty in reading the characters A on the screen displayed on
the display surface 3, the characters A on the screen are
automatically enlarged. Thus, a current display manner of a
screen displayed on the display surface 3 is changed to a
display manner that enhances the visibility of the characters
A, as necessary, in a condition that the user has difficulty in
browsing a screen displayed on the display surface 3, and
accordingly, the user wishes to enhance the visibility of the
characters A.

Second Modification

[0096] FIG. 9 is a block diagram showing the overall con-
figuration of a mobile phone 1 in the second modification. In
the block diagram shown in FIG. 9, the face detecting module
33 and the age estimating module 34 shown in the block
diagram of FIG. 2A are deleted, and a position detecting
module 36 is added. The position detecting module 36 is
implemented as a function of a program to be executed by a
control module 11.

[0097] The position detecting module 36 detects a viewing
position on a display surface 3 by a well-known method
(disclosed in e.g. JP-A 2002-99386).

[0098] For instance, the position detecting module 36
detects a gazing position of the user, in other words, a viewing
position of the user on the display surface 3, based on an
image of the eyes of the user included in a photographed
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image C to be acquired by a photographing module 15. The
position detecting module 36 specifies a viewing position,
with use of e.g. a coordinate relating to X-axis direction and
Y-axis direction shown in FIG. 1.

[0099] The position detecting module 36 specifies a view-
ing direction of the user, based on the aforementioned image
of the eyes by extracting information on e.g. the positions or
outlines of the upper eyelids, the lower eyelids, or the irises of
the eyes. Then, the position detecting module 36 detects a
viewing position on the display surface 3 based on the speci-
fied viewing direction.

[0100] The photographing module 15 may be further pro-
vided with an infrared camera. In the modification, the posi-
tion detecting module 36 is operable to detect, from an image
photographed by the infrared camera, a viewing direction by
detecting e.g. the position of the pupils of the photographed
eyes.

[0101] FIG. 10A is a diagram for describing a viewing
position on the display surface 3. In the case where the user
gazes at a position P1 shown in FIG. 10A, the position detect-
ing module 36 detects the position P1 as a viewing position.
Specifically, the position detecting module 36 detects a coor-
dinate (X1, Y1) representing the viewing position P1 on the
display surface 3. In the case where the user gazes at a posi-
tion P2 or P2' shown in FIG. 10A, the position detecting
module 36 detects a coordinate (X2,Y?2) or (X2', Y2') repre-
senting the position P2 or P2'.

[0102] Inthe modification, a determining module 31 deter-
mines that the user has difficulty in browsing the screen, in the
case where the viewing position to be detected by the position
detecting module 36 is substantially stopped for a predeter-
mined time or longer.

[0103] FIG. 10B is a flowchart showing a display control
processing in the modification. The flowchart shown in FIG.
10B is a flowchart, wherein the processings of Steps S103
through S105 in the flowchart shown in FIG. 5 arereplaced by
processings of Steps S121 through S126. The processing of
Step S121 is executed after the photographing module 15 is
activated (S102).

[0104] In Step S121, the position detecting module 36
detects e.g. the viewing position P1 as shown in FIG. 10A.
Then, the control module 11 starts measuring a time t2 using
a timer (S122). The timer is equipped in the control module
11.

[0105] Thereafter, in the case where Step S121 is executed
for the second time and thereafter, the control module 11
starts measuring a time t2 from zero second in Step S122.
[0106] In Step S123, the position detecting module 36
detects the viewing position P2 in the similar manner as in
Step S121.

[0107] The determining module 31 detects a distance d
between the two detected viewing positions P1 and P2, based
on the coordinates (X1, Y1) and (X2, Y2) representing the
viewing positions P1 and P2 (S124). Further, the determining
module 31 determines whether the detected distance d is
equal to or smaller than a predetermined threshold value D
(8125). Specifically, the determining module 31 determines
whether the viewing position P2 lies in a circular region (the
region surrounded by the broken line in FIG. 10A) having a
radius D with respect to the viewing position P1 as a center.
[0108] In this example, the threshold value D is set to such
avalue range within which the viewing position is allowed to
move when the user continues to gaze at a certain position on
the display surface 3. In other words, in the case where the
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user continues to gaze at a certain position on the display
surface 3 during a period when the viewing positions are
detected in Step S121 and Step S123, the distance between
the two detected viewing positions is kept in a range that does
not exceed the threshold value D. Thus, in the case where the
user has difficulty in reading the characters A on the screen
because the characters are too small, the user is likely to
continue to gaze at the position of the characters A which the
user particularly has difficulty in reading.

[0109] In the case where the viewing position P2 is out of
the circular region as shown in FIG. 10A, the determining
module 31 determines that the determination result of Step
S125 is negative, based on a determination that the user has
difficulty in browsing the screen (S125: NO). In this case, the
processing of detecting the viewing positions P1 and P2 is
executed again, and the determining module 31 determines
whether a distance d between the newly detected viewing
positions is equal to or smaller than the threshold value D.

[0110] For instance, in the case where the viewing position
P1 is detected in Step S121, and then a viewing position P2'
shown in FIG. 10A is detected in Step S123, the viewing
position P2' lies within the aforementioned circular region.
Accordingly, the determining module 31 determines that the
distance d' between the viewing positions P1 and P2' detected
in the above case satisfies the condition: d'=D (S125: YES).
In this case, the determining module 31 further determines
whether the time t2 being measured is equal to or larger than
a predetermined threshold value T2 (S126).

[0111] Inthisexample, the threshold value T2 is set to such
avalue capable of detecting that the user continues to gaze at
e.g. the characters A displayed at a certain position on the
display surface 3. For instance, the threshold value T2 is set to
avalue in the range of from several seconds to ten and several
seconds.

[0112] Inthe case where the determining module 31 deter-
mines that the time t2 being measured is equal or larger than
the threshold value T2 (S126: YES), the display changing
module 32 enlarges the characters A on the screen displayed
on the display surface 3, based on a determination that the
user has difficulty in browsing the screen (S106).

[0113] Inthe case where the determining module 31 deter-
mines that the time t2 being measured is smaller than the
threshold value T2 (S126: NO), the control returns to Step
S123, based on a determination that the user does not have
difficulty in browsing the screen; and the position detecting
module 36 executes a processing of detecting the viewing
position P2.

[0114] As described above, in the configuration of the
modification, in the case where the user continues to gaze at
a certain position on the display surface 3, the characters A on
the screen are automatically enlarged. Thus, a current display
manner of a screen displayed on the display surface 3 is
changed to a display manner that enhances the visibility of the
characters A, in a condition that the user has difficulty in
browsing a screen displayed on the display surface 3, and
accordingly, the user wishes to enhance the visibility of the
characters A.

Third Modification

[0115] FIG. 11A is a flowchart showing a display control
processing in the third modification. In the flowchart shown in
FIG. 11A, processings of Steps S131 and S132 are added
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before Step S106 in the flowchart shown in FIG. 5. Referring
to FIG. 11A, illustration of steps identical to the steps shown
in FIG. 5 is omitted.

[0116] FIG. 11B is a diagram showing an example of an
image E, displayed on a display surface 3, which suggests the
user for enlargement of the characters A and asks the user to
permit enlargement of the characters A in the modification.
[0117] A display changing module 32 overlaps and dis-
plays the image E shown in FIG. 11B on a screen currently
displayed on the display surface 3 before executing the pro-
cessing of enlarging the characters A on a screen in Step S106
(S131), and suggests the user for enlargement of the charac-
ters A. The image E includes a text asking the user to permit
enlargement of the characters A. Preferably, the image E may
be displayed on the display surface 3 with such a size that the
user can read the text without difficulty, for instance, with a
font and a size larger than those of the smallest character or
those of an average-sized character on the currently displayed
screen.

[0118] In the case where an operation input module 14
detects a user’s manipulation of permitting enlargement of
the characters A (a user’s manipulation of touching the region
“YES” in the image E) (S132: YES), the display changing
module 32 enlarges the characters A on the screen currently
displayed on the display surface 3 in accordance with the
user’s intention (S106). In the case where the operation input
module 14 detects a user’s manipulation of not permitting
enlargement of the characters A (a user’s manipulation of
touching the region “NO” in the image E) (S132: NO), the
display changing module 32 proceeds to the processing of
Step S107 in accordance with the user’s intention, based on a
determination that enlargement of the characters A is not
necessary.

[0119] In the configuration of the modification, enlarge-
ment of the characters A on a screen is automatically sug-
gested to the user, as necessary, in accordance with a deter-
mination result by the determining module 31. Thus, the user
is allowed to permit or cancel enlargement of the characters A
onthe screen merely by user’s manipulationinresponse to the
suggestion.

[0120] The configuration of the modification is also appli-
cable to the first modification and the second modification, in
addition to the embodiment.

Fourth Modification

[0121] FIG. 12A is a flowchart showing a display control
processing in the fourth modification. In the flowchart shown
in FIG. 12A, the processings of Steps S131 and S132 in the
flowchart shown in FIG. 11A are replaced by processings of
Steps S141 through S143.

[0122] FIG. 12B is a diagram showing an example of an
icon F for use in enlarging the characters A on a screen in the
modification. The icon F includes an image of a reading glass
representing enlarging the display contents.

[0123] A display changing module 32 overlaps and dis-
plays the icon F shown in FIG. 12B on a screen currently
displayed on a display surface 3, and assigns, to the operation
represented by the icon F, a function of executing the process-
ing (S106) of enlarging the characters A on the screen (S141).
The display changing module 32 displays theicon F ate.g. a
lower right corner on the screen. Preferably, the icon F may be
displayed with such a size that the user finds and manipulates
the icon F without difficulty.
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[0124] In the case where an operation input module 14
detects an input to the icon F during a predetermined time
(e.g. from several seconds to ten and several seconds) (S142:
YES), the display changing module 32 erases the icon F, and
enlarges the characters A on a screen currently displayed on
the display surface 3 in response to user’s manipulation
(8106).

[0125] In the case where the operation input module 14
does not detect an input to the icon F during the predeter-
mined time (S142: NO), the display changing module 32
erases the icon F (S143) based on a determination that
enlargement of the characters A is not necessary; and the
control proceeds to the processing of Step S107.

[0126] In the configuration of the modification, enlarge-
ment of the characters A on a screen is automatically sug-
gested to the user by indication of the icon F in accordance
with a determination result by the determining module 31.
Thus, the user is allowed to permit enlargement of the char-
acters A on a screen merely by manipulating (tapping) the
on-screen icon F.

[0127] The configuration of the modification is also appli-
cable to the first modification and the second modification, in
addition to the embodiment.

Others

[0128] Theembodiment and the modifications of the inven-
tion have been described as above. The invention is not lim-
ited to the foregoing embodiment, and the embodiment of the
invention may be modified in various ways other than the
above.

[0129] The configurations of the embodiment and the first
and second modifications may be combined with each other.
In this case, it is possible to combine two or more of the
determination conditions relating to the determining process-
ings by the determining modules 31 in the embodiment and in
the first and second modifications by conditional binary
operators such as “and” and “or”. For instance, in the case
where the determination condition (yZY, see FIG. 5) in the
embodiment, and the determination condition (r<R1 or r>R2,
see FIG. 8) in the first modification are combined, the deter-
mining module 31 determines whether the condition: yZ,
and (or) r<R1 or r>R2 is satisfied in Step S116.

[0130] In the configurations of the first and second modifi-
cations, unless the determining module 31 determines that the
user has difficulty in browsing a screen, the display control
processing (see FIG. 5 and FIG. 8) is continued to be
executed. Alternatively, the display control processings in the
first and second modifications may be automatically finished
after lapse of a predetermined time from the start of execution
of'the processing. In this configuration, the driving time of the
photographing module 15 can be shorten, and electric power
consumption is suppressed.

[0131] For instance, processings of Steps S151 and S152
may be added to the flowchart shown in FIG. 8 relating to the
first modification, as shown in FIG. 13A. In the above modi-
fication, in Step S151, the control module 11 starts measuring
a time t3 using a timer (S151). Then, in the case where the
time t3 exceeds a predetermined threshold value T3 during a
period when the processings of Steps S112 through S116 are
repeatedly executed (S152: YES), the control module 11 goes
out of the processing loop from Step S112 through S116
which are repeatedly executed. By performing the above
operation, the display control processing is automatically
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finished upon lapse of T3 seconds from the start of execution
of the display control processing.

[0132] A configuration substantially the same as above
may also be applied to the third modification. For instance,
Steps S151 and S152 may be added to the flowchart shown in
FIG. 10B relating to the first modification, as shown in FIG.
13B.

[0133] Further, the display control processings described in
the embodiment and in the first through fourth modifications
are started to be executed in response to start of execution of
a program 21 in response to user’s manipulation. Alterna-
tively, a display control processing may be executed e.g. at an
interval of a predetermined time, even during execution of a
program, in addition to the timing in response to start of
execution of a program 21 by user’s manipulation.

[0134] The determination condition for determining
whether enlargement of the characters A on a screen is nec-
essary by the determining module 31 is not limited to the
conditions described in the embodiment and in the first
through fourth modifications. The determination condition
may be configured by using various information relating to a
photographed image acquired by the photographing module
15. In the case where it is possible to execute a processing of
detecting a facial expression of the user from an image of the
face B in the photographed image C, such as a processing of
detecting user’s gesture e.g. frowning, necessity of enlarge-
ment of the characters A may be determined, based on a
detected facial expression or based on a change in the facial
expression.

[0135] Further alternatively, the determination condition
for determining whether enlargement of the characters Aon a
screen is necessary by the determining module 31 may
include a requirement based on information other than a
photographed image. For instance, even in the case where it is
preferable to enlarge the characters A on a screen in accor-
dance with a condition based on a photographed image C, the
determining module 31 may be configured to determine that
enlargement of the characters A on a screen is not necessary
during a period when user’s manipulation of the operation
input module 14 or the key operation input module 19 is
detected.

[0136] In the embodiment and in the first through fourth
modifications, a determining processing by the determining
module 31 is applied to a program 21 registered in the pro-
gram list 22. Alternatively, the program list 22 may be con-
figured in such a format as to register a program 21 to which
the aforementioned determining processing is not applied.
The program list 22 may be configured to determine whether
the aforementioned determining processing is applied to each
program 21.

[0137] Further, as far as the data is configured in a format
capable of determining whether the aforementioned deter-
mining processing is applied to each program 21, data for use
in determination may be stored in the storage module 12 in a
format different from the format of the program list 22. For
instance, the format may be configured to include information
for use in deciding whether the determining processing by the
determining module 31 is applied to a target program 21
among the programs 21 stored in the storage module 12.
Further alternatively, data for use in determination may be
composed of data indicating a requirement for specifying a
target program to which the determining processing by the
determining module 31 is applied, from among the programs
21. In the above modification, the control module 11 deter-
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mines whether the determining processing by the determin-
ing module 31 is applied to the program 21, based on the
requirement (data for use in determination).

[0138] In the embodiment and in the first through fourth
modifications, the photographing module 15 is activated in
response to activation of a program registered in the program
list 22 (from Step S101 to Step S102). Alternatively, the
photographing module 15 may be activated at a predeter-
mined timing after activation of a program. For instance, in
the case where the operation input module 14 does not detect
user’s manipulation on an execution screen of an activated
program for a predetermined time (e.g. several seconds to ten
and several seconds), the photographing module 15 may be
activated. Shortening the operation time of the photographing
module 15 is advantageous in suppressing electric power
consumption required for operating the photographing mod-
ule 15.

[0139] In the embodiment and in the first through fourth
modifications, in enlarging the characters (S106), the display
surface 3 may be operable to display an image such as a bar
for allowing the user to adjust the magnification ratio of the
characters. The above modification is advantageous in allow-
ing the user to display the characters A with an intended size.
In displaying an image for use in adjusting the magnification
ratio, operation means for allowing the user to cancel enlarge-
ment may be provided to the user. An image for use in adjust-
ing the magnification ratio may be displayed in combination
with the display ofthe image E (see the third modification) for
use in asking the user to permit character enlargement, or the
display of the icon F (see the fourth modification) for use in
character enlargement.

[0140] In the embodiment and in the first through fourth
modifications, the display changing module 32 enlarges the
characters A on a screen displayed on the display surface 3.
Alternatively, the display changing module 32 may be con-
figured to change the display manner of a screen by various
display changing means for enhancing the visibility of the
characters A, in addition to or in place of enlarging the char-
acters A. For instance, as shown in FIGS. 14A through 14D,
the display changing module 32 may perform the following
display change operations on a screen displayed on the dis-
play surface 3, in place of enlarging the characters A (see
S106 of FIG. 5). Specifically, the color of the characters A
may be emphasized (e.g. the color of the characters A is
changed to the complementary color of the color of the back-
ground, see S106a of FIG. 14A); the font of the characters A
may be emphasized (e.g. the line width of the characters A is
increased, or the font type is changed from Ming font to
Gothic font, see S1065 of FIG. 14B); the contrast in color
between the characters A and the background may be empha-
sized (e.g. the color of the characters A and the color of the
background are changed to satisfy such a relation that the
colors are substantially complementary to each other, see
S106¢ of FIG. 14C); or the luminance of the screen may be
increased (see S106d of FIG. 14D). Further alternatively, the
display manner of a screen may be changed in such a way as
to enhance the visibility ofthe characters A by combining two
or more of the display changing means with respect to the
aforementioned display change operations of enlarging the
characters A, emphasizing the color of the characters A,
changing the font of the characters A, emphasizing the con-
trast in color between the characters A and the background,
and increasing the luminance. The configuration of changing
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the display manner of a screen as described above may also be
applied to the first through fourth modifications.

[0141] In the embodiment, the invention is applied to
mobile phones called smartphones. Alternatively, the inven-
tion may be applied to other types of mobile phones such as
straight-type mobile phones, foldable mobile phones, and
slidable mobile phones.

[0142] Furthermore, the invention is not limited to the
mobile phones. Alternatively, the invention is applicable to
mobile terminal devices such as PDAs (Personal Digital
Assistants), tablet PCs, and electronic book readers.

[0143] The embodiment of the invention may be changed
or modified in various ways as necessary, as far as such
changes and modifications do not depart from the scope of the
claims of the invention hereinafter defined.

What is claimed is:

1. A mobile terminal device, comprising:

a display module which displays a screen;

a photographing module which is configured to face sub-
stantially the same direction as the screen;

a determining module which determines, based on an
image photographed by the photographing module,
whether a state of a user facing the screen coincides with
apredetermined determination condition indicating that
the user has difficulty in browsing the screen; and

a display changing module which changes a current dis-
play manner of the screen to a display manner that
enhances visibility of characters displayed on the
screen, as compared with the current display manner,
based on a determination result by the determining mod-
ule that the state of the user coincides with the determi-
nation condition.

2. The mobile terminal device according to claim 1,

wherein

the display changing module performs at least one of
changes comprised of enlarging the characters, empha-
sizing a color of the characters, emphasizing a font of the
characters, emphasizing a contrast in color between the
characters and a background of the characters, and
increasing a luminance of the screen, with respect to the
screen, based on the determination result by the deter-
mining module that the state of the user coincides with
the determination condition.

3. The mobile terminal device according to claim 1, further

comprising:

an age estimating module which estimates the age of the
user based on the image, wherein

the determination condition includes a requirement that the
age estimated by the age estimating module exceeds a
predetermined threshold value.

4. The mobile terminal device according to claim 1, further

comprising:

a position detecting module which detects a viewing posi-
tion of the user on the screen based on the image,
wherein

the determination condition includes a requirement that the
viewing position substantially stops on the screen for a
predetermined time or longer.
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5. The mobile terminal device according to claim 1, further
comprising:

a size detecting module which detects a size of a facial area
corresponding to the face of the user, the facial area
being included in the image, wherein

the determination condition includes a requirement that a
change amount of the size of the facial area within a
predetermined period is equal to or larger than a prede-
termined threshold value.

6. The mobile terminal device according to claim 1, further

comprising:

a storage module which stores information for use in deter-
mining whether a program for displaying the screen is a
program to which changing the display manner of the
screen by the display changing module is applied,
wherein

the display changing module changes the current display
manner of the screen to the display manner that
enhances the visibility of the characters displayed on the
screen, as compared with the current display manner,
based on the determination result by the determining
module that the user has difficulty in browsing the
screen, in the case where the information shows that
changing the display manner of the screen is applied to
the program for displaying the screen.

7. A storage medium which stores a computer program, the
computer program being configured to provide a computer in
a mobile terminal device provided with a display module
which displays a screen, and a photographing module which
is configured to face substantially the same direction as the
screen, with

a function of determining, based on an image photo-
graphed by the photographing module, whether a state
of a user facing the screen coincides with a predeter-
mined determination condition indicating that the user
has difficulty in browsing the screen, and

a function of changing a current display manner of the
screen to a display manner that enhances visibility of
characters displayed on the screen, as compared with the
current display manner, based on a determination result
that the state of the user coincides with the determination
condition.

8. A display control method for a mobile terminal device
provided with a display module which displays a screen, and
a photographing module which is configured to face substan-
tially the same direction as the screen, the method compris-
ing:

a step of determining, based on an image photographed by
the photographing module, whether a state of a user
facing the screen coincides with a predetermined deter-
mination condition indicating that the user has difficulty
in browsing the screen, and

a step of changing a current display manner of the screen to
a display manner that enhances visibility of characters
displayed on the screen, as compared with the current
display manner, based on a determination result that the
state of the user coincides with the determination con-
dition.



