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Description
[Technical Field]

[0001] Apparatuses and methods consistent with the
exemplary embodiments relate to a user terminal device
and a method for adjusting luminance thereof, and more
particularly, to a user terminal device for supporting a
function of detecting surrounding illumination and a meth-
od for adjusting luminance thereof.

[Background Art]

[0002] By virtue of the development of electronics, var-
ious types of electronic apparatuses have been devel-
oped and have become widely popular. In particular, dis-
play apparatuses such as mobile devices and televisions
have become commonplace and have been rapidly de-
veloped in the last several years.

[0003] Due to the proliferation of smart phones and
tablet devices, mobile display apparatuses are frequently
used for extended periods of time. As a result, mobile
display apparatuses are used in various illumination en-
vironments, and due to the characteristics of a mobile
device, visibility according to display luminance has at-
tracted attention. Accordingly, although most mobile dis-
play apparatuses provide a function for automatically
changing luminance according to peripheral illumination,
illumination is measured using only a single optical sen-
sor, and it is therefore difficult to accurately estimate an
illumination environment. US2008/0208551 discloses
methods and systems for surround-specific display mod-
elling. US2008/078921A1 discloses a situation based on
a comparison result of the front illumination and the rear
illumination, and, based on the identifying the current sit-
uation, to increase the luminance of the display based
on a luminance of the situation.

[0004] [Disclosure] The invention is set out in the in-
dependent claims. Preferred embodiments of the inven-
tion are outlined in the dependent claims.

Brief Description of Drawings

[0005] The above and/or other aspects of the exem-
plary embodiments will be more apparent by describing
certain exemplary embodiments with reference to the ac-
companying drawings, in which:

FIGS. 1A, 1B, and 1C are diagrams illustrating an
example of a user terminal device according to an
exemplary embodiment;

FIG. 2 is a diagram illustrating a sensing coverage
range when a user terminal device includes a plu-
rality of illumination sensors according to an exem-
plary embodiment;

FIG. 3Ais ablock diagram illustrating a configuration
of a user terminal device according to an exemplary
embodiment;
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FIG. 3B is ablock diagram illustrating a detailed con-
figuration of the user terminal apparatus illustrated
in FIG. 3A;

FIG. 4 is a diagram illustrating various modules
stored in a storage;

FIGS. 5A and 5B are diagrams illustrating a method
for determining an illumination space according to
an exemplary embodiment;

FIGS. 6 and 7 are diagrams illustrating a method for
determining backlight according to an exemplary
embodiment;

FIGS. 8A and 8B are diagrams illustrating a method
for adjusting luminance according to various exem-
plary embodiments;

FIGS. 9A and 9B are diagrams illustrating a method
for calculating illumination according to an exempla-
ry embodiment;

FIGS. 10A and 10B are diagrams illustrating a meth-
od for calculating illumination according to an exem-
plary embodiment;

FIG. 11 is a diagram illustrating a method for calcu-
latingillumination according to an exemplary embod-
iment;

FIGS. 12A and 12B are diagrams illustrating an illu-
mination sensor according to an exemplary embod-
iment;

FIG. 13 is a diagram illustrating a method for esti-
mating a type of a light source according to an ex-
emplary embodiment; and

FIG. 14 is a flowchart illustrating a method for ad-
justing luminance of a user terminal apparatus ac-
cording to an exemplary embodiment.

Best Mode for Carrying out the Invention
Mode for the Invention

[0006] FIGS. 1A to 1C are diagrams illustrating an ex-
ample of a user terminal device 100 according to an ex-
emplary embodiment.

[0007] Asillustrated in FIGS. 1A to 1C, the user termi-
nal device 100 may be embodied as, but is not limited
to, a cellular phone such as a smart phone, and may be
any device that is carriable by a user and has a display
function. Non-limiting examples may include a tablet per-
sonal computer (PC), a smart watch, a portable multime-
dia player (PMP), a personal digital assistant (PDA), a
notebook PC, a television (TV), a head mounted display
(HMD), and a near eye display (NED).

[0008] In order to provide a display function, the user
terminal device 100 may be configured to include various
types of displays such as a liquid crystal display (LCD),
an organic light-emitting diode (OLED), a liquid crystal
on silicon (LCoS), digital light processing (DLP), and a
quantum dot (QD) display panel.

[0009] The user terminal device 100 according to an
exemplary embodiment may provide a luminance auto-
matic adjusting function for sensing surrounding illumi-
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nation and automatically adjusting luminance of a display
based on the sensed surrounding illumination to provide
optimum display luminance.

[0010] Inorderto perform the luminance automatic ad-
justing function, the user terminal device 100 according
to the exemplary embodiment may include illumination
sensors 10 and 20 that are provided on front and rear
surfaces, respectively, as illustrated in FIGS. 1A and 1B.
For example, the illumination sensor 10 provided on the
front surface may be provided on an upper bezel region
of a screen, and the illumination sensor 20 provided on
the rear surface may be provided to the right of a camera.
However, this is merely an exemplary embodiment, and
thus illumination sensors provided on the front and rear
surfaces may be provided at various portions of the
front/rear surfaces of the user terminal device 100. For
example, the illumination sensor 20 may be provided on
at least one portion of the upper, lower, right, left, and
lateral surfaces of the user terminal device 100, instead
of the rear surface. Here, the lateral surface may refer to
a peripheral surface outside an edge on which a power
key and the like illustrated in FIG. 1C are positioned. In
general, the lateral surface may refer to a surface on
which a volume key, a power key, a universal serial bus
(USB) interface, an earphone interface, and the like are
positioned.

[0011] Accordingly, the user terminal device 100 ac-
cording to an exemplary embodiment may sense illumi-
nation in different directions based on the user terminal
device 100, as illustrated in FIG. 1C.

[0012] FIG. 2 is a diagram illustrating a sensing cov-
erage range when the user terminal device 100 includes
a plurality of illumination sensors according to an exem-
plary embodiment.

[0013] FIG. 2 illustrates a sensing coverage range
when one illumination sensor is provided and a sensing
coverage range when two or more illumination sensors
are provided in the user terminal device 100 such as a
mobile device, in particular, a sensing coverage range
when two or more illumination sensors are provided on
a front/rear surface and a front/lateral surface.

[0014] As illustrated, a dark area may refer to an area
on which sunlight is directly incident and a dashed area
may refer to a range sensed by each sensor.

[0015] Inthis case, anoverlap region between the dark
areas indicating the area on which sunlight is incident
and the dashed area indicating the range sensed by each
sensor may be a sensing coverage region. Here, %
number may refer to a sensing coverage rate of each
case. Thatis, when two or more sensors are provided in
the user terminal device 100 so as to sense illumination,
a sensing coverage range is effective when respective
sensors are provided on the front/rear surface or the
front/lateral surface. However, the possible arrange-
ments may be limited due to the design of the lateral
surface, and thus, hereinafter, a case in which illumina-
tion sensors are provided on the front/rear surfaces, re-
spectively, will be described. The same algorithm and
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driving principle according to exemplary embodiments
may be applied to the case of the front/lateral surface.
[0016] Hereinafter, adjustment of luminance of a dis-
play using a plurality of illumination sensors included in
the user terminal device 100 according to various exem-
plary embodiments will be described.

[0017] FIG. 3Ais a block diagram illustrating a config-
uration of the user terminal device 100 according to an
exemplary embodiment.

[0018] Referring to FIG. 3A, the user terminal device
100 may include a display 110, a first sensor 120, a sec-
ond sensor 130, and a controller 140.

[0019] The display 110 may provide various content
images that are capable of being provided through the
user terminal device 100. Here, the content image may
include various contents such as an image, a video, a
text, an application execution image containing the var-
ious contents, a graphic user interface (GUI) image, and
the like.

[0020] As described above, the display 110 may be
embodied as various types of displays such as a liquid
crystal display, an organic light-emitting diode, liquid
crystal on silicon (LCoS), and digital light processing
(DLP). The display 110 may be formed of a transparent
material and embodied as a transparent display for dis-
playing information.

[0021] The display 110 may be embodied in the form
of a touchscreen for configuration of an interlayer struc-
ture with a touchpad, and in this case, the display 110
may be used as a user interface as well as an output
device.

[0022] The first sensor 120 may be provided on a front
surface of the user terminal device 100 and may detect
emitted light.

[0023] The first sensor 120 may detect at least one of
various characteristics such as the illumination, intensity,
color, incident direction, incident area, and distribution of
light. In some embodiments, the first sensor 120 may be
an illumination sensor, a temperature detection sensor,
an optical amount sensing layer, a camera, or the like.
[0024] In particular, the first sensor 120 may be em-
bodied as, but is not limited to, an illumination sensor for
sensing RGB light, and thus may be any sensor for sens-
ing light, such as a white sensor, an IR sensor, and an
IR+RED sensor.

[0025] In this case, the illumination sensor may use
various photoelectric cells, but may also use a photoe-
lectric tube for measurement of very low illumination. For
example, a CDS illumination sensor may be included in
the user terminal device 100 and may detect illumination
in opposite directions. In this case, the illumination sensor
may be installed on atleast one preset region of opposite
surfaces of the user terminal device 100, but may also
be installed in each pixel unit of the opposite surfaces.
For example, an illumination sensor formed by enlarging
a CMOS sensor so as to correspond to a size of the
display 110 may be installed so as to measure an illumi-
nation state for each region or each pixel.
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[0026] For example, the CDS illumination sensor may
detect light around the user terminal device 100, and an
A/D converter may convert a voltage acquired through
the CDS illumination sensor into a digital value and trans-
mit the digital value to a controller 140.

[0027] The second sensor 130 may be installed on a
rear surface of the user terminal device 100 and may
detect emitted light. However, according to an exemplary
embodiment, the second sensor 130 may be provided
on at least one of upper, lower, right, and left lateral sur-
faces instead of the rear surface. In addition, exemplary
embodiments are not limited thereto, and thus the second
sensor 130 may be provided at any other position as long
as the second sensor 130 is configured to measure illu-
mination in a different direction from the first sensor 120.
For example, the second sensor 130 may be provided
at a position at which illumination at an angle that is 90
degrees or more from the illumination detected by the
first sensor 120 is capable of being detected.

[0028] The second sensor 130 may detect at least one
of various characteristics such as the illumination, inten-
sity, color, incident direction, incident area, and distribu-
tion of light. In some embodiments, the second sensor
130 may be an illumination sensor, a temperature detec-
tion sensor, an optical amount sensing layer, a camera,
or the like.

[0029] Inparticular,the second sensor 130 may be em-
bodied as, but is not limited to, an illumination sensor for
sensing RGB light, and thus may be any sensor for sens-
ing light, such as a white sensor, an IR sensor, and an
IR+RED sensor.

[0030] The controller 140 may control an overall oper-
ation of the user terminal device 100.

[0031] The controller 140 may adjust luminance of the
display 110 based on front illumination detected through
the first sensor 120 and rear illumination detected
through the second sensor 130. Alternatively, the con-
troller 140 may include a micro control unit, a micom, a
processor, a central processing unit (CPU), and the like.
In addition, the controller 140 may be embodied as a
System-on-Chip (SoC) including an image processing
algorithm stored therein and embodied in the form of a
field programmable gate array (FPGA). Here, a method
for adjusting luminance may be performed by changing
an output luminance value of the display 100. That is, a
brightness value of a backlight or OLED installed in the
display 110 may be adjusted. However, as necessary, a
method for performing image processing on displayed
content to change a pixel luminance value (or a digital
gray scale value of a pixel) may be used. However, as
necessary, it may be possible to further consider various
surrounding environment information items including a
surrounding environment other than illumination, for ex-
ample, a power state of the user terminal device 100, a
user state (sleep, reading, etc.), place information, and
time information.

[0032] According to an exemplary embodiment, the
controller 140 may determine whether an illumination
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space is changed based on instantaneous variation of
front illumination detected through the first sensor 120
and instantaneous variation of rear illumination detected
through the second sensor 130. The controller 140 may
adjust luminance of the display 110 so as to correspond
to the changed illumination space upon determining that
the illumination space is changed. Here, the illumination
space may be a physically separated space, forexample,
an office/lobby, a room/living room, and an indoor/out-
door area. In this regard, a visual system (hereinafter,
VS) of a user may allow the user to feel as if illumination
is uniform across the illumination space. For example,
although a part of the illumination space may be under
many lamps, and another part of the illumination space
may be under only a few lamps, the user may still feel
as if the parts are similar illumination spaces. According-
ly, according to an exemplary embodiment, the same dis-
play luminance may be maintained in the same space,
and when a space is changed, the luminance may be
immediately or gradually changed to an optimum lumi-
nance proper to the corresponding space. However, as
necessary, the illumination space may refer to a space
that provides a specific illumination environment. For ex-
ample, when an office space is very large, a space that
is close to a window and illuminated by a large amount
of light and a space that is far from the window and illu-
minated by a small amount of light may provide much
different environments, and thus the spaces may be con-
sidered different illumination spaces according to exem-
plary embodiments.

[0033] In detail, when the instantaneous variation of
the front illumination and the instantaneous variation of
the rear illumination are equal to or more than preset
threshold values, respectively, and variation directions
thereof are identical to each other, the controller 140 may
determine that an illumination space is changed and ad-
just luminance of the display 110 at a time point when
the illumination space is changed.

[0034] According to an exemplary embodiment, the
controller 140 may determine whether a current situation
is a backlight situation based on a comparison result of
the front illumination and the rear illumination, and upon
determining that the current situation is the backlight sit-
uation, the controller 140 may adjust display luminance
so as to correspond to the backlight situation.

[0035] In detail, the controller 140 may determine
whether the current situation is the backlight situation
based on at least one of a difference between the front
illumination and the rear illumination, a ratio of the front
illumination and the rear illumination, and a preset math-
ematical calculation combination of the front illumination
and the rear illumination. For example, when the rear
illumination is greater than the front illumination by a pre-
set threshold value or more, the controller 140 may de-
termine thatthe current situation is the backlight situation.
When a preset reference value for determination of the
backlight situation is "front illumination/rear illumination
= a", the controller 140 may determine that the current
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situation is the backlight situation in the case of front il-
lumination/rearillumination <a.Here, 'a’ may be acquired
from an experimental value or the like or may be simply
setto 1.

[0036] In addition, the controller 140 may determine
an intensity of the backlight based on at least one of a
difference between the front illumination and the rear il-
lumination, a ratio of the front illumination and the rear
illumination, and a mathematical calculation combination
of the front illumination and the rear illumination. For ex-
ample, the controller 140 may determine the intensity of
the backlight based on a value of "front illumination/rear
illumination" or based on a value of "front illumination ?
rear illumination”.

[0037] Upon determining that the current situation is
the backlight situation, the controller 140 may adjust lu-
minance of the display 110 to be higher than current lu-
minance.

[0038] In detail, the controller 140 may calculate a val-
ue obtained by raising luminance based on intensity of
backlight upon determining that the current situation is
the backlight situation. For example, the controller 140
may increase the value obtained by raising luminance
as intensity of backlight is increased. This is because
visibility of a display image is further reduced since the
display 110 provided on a front surface of the user ter-
minal device 100 is darker as the intensity of backlight is
increased.

[0039] In addition, upon determining that the current
situation is the backlight situation, the controller 140 may
adjust luminance of the display 110 based on the rear
illumination. In detail, upon determining that the current
situation is the backlight situation, the controller 140 may
calculate the value obtained by raising luminance based
on only the rear illumination.

[0040] In addition, upon determining that the current
situation is the backlight situation, the controller 140 may
adjust the luminance of the display 110 to a luminance
value calculated by applying a higher weight than the
front illumination to the rear illumination.

[0041] In addition, in some embodiments of the first
and second sensors, as necessary, the controller 140
may perform correction (e.g., scaling) on a sensing value.
For example, when the second sensor is embodied as a
HRM sensor, the controller 140 may scale a sensing val-
ue sensed by the HRM sensor and use the scaled sens-
ing value as rear illumination based on illumination char-
acteristics of a space in which the user terminal device
100 is positioned, which will be described in detail.
[0042] When surrounding illumination, that s, the front
illumination and the rear illumination, satisfy a preset con-
dition, the controller 140 may adjust a luminance value
of the display 110 so as to be gradually increased or
decreased to a target luminance value from an initial lu-
minance value. For example, this may correspond to a
case inwhich alight surrounding environment of a display
is abruptly changed to a specific illumination (e.g., 100
lux) or less, a case in which a dark display screen with a
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specific illumination or less is converted to a light screen,
or a case in which a display screen is converted into an
activated state from an inactivated state when surround-
ing illumination is a specific illumination or less.

[0043] In addition, when surrounding illumination, that
is, the front illumination and the rear illumination, satisfy
apresetcondition, the controller 140 may divide animage
into at least one region and a remaining region based on
an attribute of the content of the display and may sepa-
rately control luminance values of the respective sepa-
rated regions. Here, the luminance values of the respec-
tive regions may include at least one of a maximum
brightness value, a maximum color value, and an aver-
age brightness value of the displayed content.

[0044] In detail, the controller 140 may separately con-
trol the luminance of each region such that the luminance
of information displayed in at least one region is different
from the luminance of information displayed on the re-
maining region. Alternatively, the controller 140 may sep-
arately control the luminance of each region such that
the luminance of the information displayed in atleastone
region reaches a target luminance value earlier than the
luminance of the information displayed in the remaining
region. Here, target luminance values of the respective
regions may be the same or different. In addition, the
controller 140 may differently apply a shape of agamma
curve applied to at least one region and a shape of a
gamma curve applied to the remaining region. Here, a
gamma curve (or a gamma table) may refer to a table
showing a relationship between a gray scale and display
luminance of an image, and, for example, the gamma
curve may refer to a table showing arelationship between
a gray scale and display luminance of an image based
on a case in which the user terminal device 100 emits
light with a maximum luminance level. For example,
when a gamma curve in a logarithmic form is applied to
aregion of interest and a gamma curve in an exponential
function form is applied to a region of non-interest, the
user may feel as if the region of interest is first recognized
and then the region of non-interest is gradually recog-
nized.

[0045] The controller 140 may provide a user interface
(Ul) image for adjusting a luminance value of the display
110 according to a preset event on one region of the
display 110. Accordingly, in order to change the adjusted
luminance value according to an exemplary embodi-
ment, a user may manually adjust the luminance value
of the display through the Ul image. In this case, the
controller 140 may provide a graphic user interface (GUI)
indicating an original luminance value of corresponding
content on the Ul image. Accordingly, the user may ap-
propriately adjust the luminance value of the display
through the corresponding GUI.

[0046] In the aforementioned exemplary embodi-
ments, although the controller 140 adjusts a luminance
adjusting value according to a preset formula, this is
merely an exemplary embodiment, and thus the control-
ler 140 may calculate the luminance adjusting value
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based on pre-stored data. For example, a luminance ad-
justing value (e.g., a target luminance value or a lumi-
nance value to be increased or reduced) corresponding
to the number of cases according to the front illumination
and the rear illumination may be stored in the form of a
LUT, and a luminance adjusting value corresponding to
a current situation may be selected based on the stored
LUT.

[0047] FIG. 3B is ablock diagramiillustrating a detailed
configuration of the user terminal apparatus illustrated in
FIG. 3A.

[0048] Referring to FIG. 3B, a user terminal apparatus
100’ may include the display 110, the first sensor 120,
the second sensor 130, the controller 140, a storage 150,
an audio processor 160, and a video processor 170. A
detailed description of repeated components of compo-
nentsillustrated in FIG. 3A among componentsillustrated
in FIG. 3B will be omitted here.

[0049] The controller 140 may include a random ac-
cess memory (RAM) 141, a read only memory (ROM)
142, a main central processing unit (CPU) 143, a graphic
processor 144, first to nth interfaces 145-1 to 145-n, and
a bus 146.

[0050] The RAM 141, the ROM 142, the main CPU
143, the graphic processor 144, the first to nth interfaces
145-1 to 145-n, and the like may be connected to each
other through the bus 146.

[0051] The first to nth interfaces 145-1 to 145-n may
be connected to the aforementioned components. One
of the interfaces may be a network interface that is con-
nected to an external apparatus though a network.
[0052] The main CPU 143 may access the storage 150
and perform a system booting operation using an oper-
ating system (O/S) stored in the storage 150. In addition,
the main CPU 143 may perform various operations using
various modules, various programs, content, data, and
the like which are stored in the storage 150. In particular,
the main CPU 143 may perform an operation according
to various exemplary embodiments based on an illumi-
nation calculating module 154, the illumination space de-
termining module 155, a backlight determining module
156, and a luminance adjusting module 157 which are
illustrated in FIG. 4.

[0053] The ROM 142 may store a command set and
the like, for the system booting operation. In response to
a turn-on command being input to the main CPU 143 to
supply power to the main CPU 143, the main CPU 143
may copy the O/S stored in the storage 150 and execute
the O/S to boot a system according to the command
stored in the ROM 142. Upon completing the system
booting operation, the main CPU 143 may copy various
programs stored in the storage 150 to the RAM 141 and
execute a program copied to the RAM 141 to perform
various operations.

[0054] The graphic processor 144 may generate an
image including various objects such as an icon, an im-
age, atext, and the like using a subprocessor (not shown)
and a renderer (not shown). The subprocessor (not
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shown) may calculate an attribute value such as a coor-
dinate value, a shape, a size, and color, for displaying
each object according to a layout of an image, based on
a received control command. The renderer (not shown)
may generate images of various layouts, including ob-
jects, based on the attribute values calculated by the sub-
processor (not shown).

[0055] The aforementioned operation of the controller
140 may be executed according to the program stored
in the storage 150.

[0056] The storage 150 may store various data items,
such as an operating system (O/S) software module and
various multimedia contents, for driving a broadcast re-
ceiving apparatus 200. In particular, the storage 150 may
store luminance information and the like according to pro-
grams, and illumination and content characteristics of an
illumination calculatingmodule, anillumination space de-
termining module, a luminance adjusting module, and
the like. Hereinafter, a detailed operation of the controller
140 using various programs stored in the storage 150
will be described in detail.

[0057] FIG. 4is a diagram illustrating various modules
stored in a storage 150.

[0058] Referring to FIG. 4, the storage 150 may store
software including a base module 151, a sensing module
152, a communication module 153, the illumination cal-
culating module 154, an illumination space determining
module 155, a backlight determining module 156, and
the luminance adjusting module 157.

[0059] The base module 151 may refer to a basic mod-
ule that processes a signal transmitted from each hard-
ware item included in the user terminal apparatus 100’
and transmits the signal to a higher layer module. The
base module 151 may include a storage module 151-1
for managing a database (DB) or a register, a security
module 151-2 for supporting certification, request per-
mission, secure storage, and the like for hardware, and
a network module 151-3 for supporting network connec-
tion.

[0060] The sensing module 152 may collect informa-
tion from various sensors and analyze and manage the
collected information. The sensing module 152 may in-
clude an illumination detection module, a touch recogni-
tion module, a head direction recognition module, a face
recognition module, a voice recognition module, a motion
recognition module, and the like.

[0061] The communication module 153 may commu-
nicate with an external device. The communication mod-
ule 153 may include a messaging module such as a de-
vice module, a messenger program, a short message
service (SMS) & multimedia message service (MMS)
program, and an e-mail program, which are used in com-
munication with an external device, and a telephone
module including a call info aggregator program module,
a VolP module, and the like.

[0062] The illumination calculating module 154 may
calculate illumination information according to a front il-
lumination signal and a rear illumination signal, which are
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detected through the first sensor 120 and the second
sensor 130. To this end, the illumination calculating mod-
ule 154 may include a preset algorithm for converting the
detected illumination signal into illumination information
determinable by the controller 140.

[0063] Theillumination space determining module 155
may determine a change in an illumination space in real-
time based on surrounding illumination calculated by the
illumination calculating module 154, that is, the front illu-
mination and the rear illumination.

[0064] FIGS. 5A and 5B are diagrams illustrating a
method for determining an illumination space according
to an exemplary embodiment.

[0065] According to the method for determining an il-
lumination space of the illumination space determining
module 155illustratedin FIG. 5A, instantaneous variation
of illumination measured by the first sensor 120 and in-
stantaneous variation of illumination measured by the
second sensor 130 may be compared with each other to
determine whether an illumination environment is
changed.

[0066] Whether the illumination environment is
changed may be determined according to whether in-
stantaneous variation of illumination 511 measured by
the first sensor 120 and instantaneous variation of illu-
mination 512 measured by the second sensor 130 satisfy
a preset condition (S520). In detail, the controller 140
may determine whether the instantaneous variation of
the illumination 511 measured by the first sensor 120 and
the instantaneous variation of the illumination 512 meas-
ured by the second sensor 130 are changed to respective
specific threshold values or more, whether variation di-
rections thereof are identical to each other, and whether
the illumination space is changed based on the determi-
nation result.

[0067] In particular, when the instantaneous variation
of the illumination 511 measured by the first sensor 120
and the instantaneous variation of the illumination 512
measured by the second sensor 130 are changed to re-
spective specific threshold values or more, and when var-
iation directions thereof are identical to each other (Y of
530), it may be determined that the illumination space is
changed (550). Otherwise (N of 530), it may be deter-
mined that the illumination space is not changed (540).
[0068] Forexample, asshownin atable 520 illustrated
in FIG. 5B, when the instantaneous variation of the first
sensor 120 is increased to a specific threshold value or
more and the instantaneous variation of the second sen-
sor 130 is increased to a specific threshold value or more
(in the case of 'True’ in the table 520), it may be deter-
mined that the illumination space is changed. In addition,
when instantaneous variation of the first sensor 120 is
reduced to a specific threshold value or less and the in-
stantaneous variation of the second sensor 130 is re-
duced to a specific threshold value or more (in the case
of 'True’ in the table 520), it may be determined that the
illumination space is changed.

[0069] In this case, when the instantaneous variation
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of illumination measured by each sensor is a positive
number (560), it may be determined that an illumination
environment is changed to a light space from a dark
space (580), and when the instantaneous variation of
illumination measured by each sensor is a negative
number, it may be determined that an illumination envi-
ronment is changed to a dark space from arelatively light
space (570). Here, a time point when instantaneous var-
iation is a positive number or a negative number may be
a time point when a space change occurs.

[0070] As described above, when change in an illumi-
nation space is determined using a plurality of illumina-
tion sensors, a time point when an illumination environ-
ment is changed may be determined in real-time. That
is, it is impossible to accurately determine a time point
when the illumination environment is changed using only
a single illumination sensor, but according to an exem-
plary embodiment, sensing accuracy of change in an il-
lumination space may be enhanced and measurement
time may be reduced by using an additional sensor.
[0071] Referring back to FIG. 4, the backlight deter-
mining module 156 may determine a backlight situation
and an intensity of the backlight based on surrounding
illumination, thatis, frontillumination and rearillumination
that are calculated by the illumination calculating module
154,

[0072] FIGS. 6 and 7 are diagrams illustrating a meth-
od for determining backlight according to an exemplary
embodiment.

[0073] AsillustratedinFIG.7, visibility of a front display
may be degraded due to light emitted from a rear surface
of the user terminal device 100 in a backlight situation.
Accordingly, according to an exemplary embodiment, lu-
minance of display may be upward adjusted in a backlight
situation.

[0074] In a method for determining backlight of the
backlight determining module 156 illustrated in FIG. 6, a
backlight situation and backlight intensity may be deter-
mined based on sizes of illumination 611 measured by
the first sensor 120 and illumination 612 measured by
the second sensor 130. For example, a backlight situa-
tion and backlight intensity may be determined based on
at least one of a ratio, a difference value, and a mathe-
matical calculation combination of front/rear illumination
of the illumination 611 measured by the first sensor 120
and the illumination 612 measured by the second sensor
130.

[0075] In detail, when a ratio of the illumination 611
measured by the first sensor 120 to the illumination 612
measured by the second sensor 130 is greater than a
preset threshold value (or is equal to or more than a pre-
set threshold value) or a value obtained by subtracting
the illumination 611 measured by the first sensor 120
from the illumination 612 measured by the second sensor
130 is greater than a preset threshold value (or is equal
to or more than a preset threshold value) (620), a current
situation is determined as a backlight situation (630).
[0076] In this case, an intensity of the backlight may
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be determined according to a ratio of the illumination 611
measured by the first sensor 120 to the illumination 612
measured by the second sensor 130, a value obtained
by subtracting the illumination 611 measured by the first
sensor 120 from the illumination 612 measured by the
second sensor 130, a mathematical calculation combi-
nation of front/rear illumination, or the like (640).

[0077] Based on the calculated intensity of the back-
light, a value obtained by increasing the luminance or a
target luminance value may be calculated and luminance
may be increased based on the calculated value, thereby
enhancing visibility of display.

[0078] Referring back to FIG. 4, the luminance adjust-
ing module 157 may adjust luminance of the display 110
based on at least one of output values of an illumination
calculating module 145, the illumination space determin-
ing module 155, and the backlight determining module
156.

[0079] FIGS. 8A and 8B are diagrams illustrating a
method for adjusting luminance according to various ex-
emplary embodiments.

[0080] FIG. 8A illustrates the case in which a user
moves in an office space. In this case, a visual system
(hereinafter, VS) of a user may allow the user to feel as
if illumination is uniform across the illumination space.
For example, although a part of the illumination space
may be under many lamps, and another part of the illu-
mination space may be under only a few lamps, the user
may still feel as if the parts are similarillumination spaces.
Accordingly, constancy of 'the same display luminance’
may be maintained in 'the same space’.

[0081] FIG. 8B illustrates the case in which a user
moves in three different spaces. According to an exem-
plary embodiment, as described with reference to FIG.
7A, the same display luminance may be maintained in
the same space, and when a space is changed, the lu-
minance may be immediately or gradually changed to
optimum luminance proper to the corresponding space.
[0082] Referring back to FIG. 3B, the user terminal ap-
paratus 100’ may include a touch sensor, a geomagnetic
sensor, a gyro sensor, an acceleration sensor, a proxim-
ity sensor, a grip sensor, and the like. Accordingly, the
user terminal apparatus 100’ may detect various manip-
ulation operations such as touch, rotation, inclination,
pressure, proximity, and grip.

[0083] The touch sensor may be embodied as an elec-
trostatic type sensor or a resistive type sensor. The elec-
trostatic type sensor may refer to a sensor that calculates
a touch coordinate by detecting nano electricity excited
in the body of a user when a part of the user’s body is
touched on a display surface using a dielectric substance
coated on the display surface. The resistive type sensor
may refer to a touch sensor that includes two electrode
plates installed in the user terminal device 100 and cal-
culates a touch coordinate by detecting that upper and
lower plates of a touched point contact each other such
current flows while being touched by a user. In addition,
an infrared ray detection method, a surface ultrasonic
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conduction method, an integral strain gauge method, a
piezo effect method, or the like may be used to detect
touch interaction.

[0084] In addition, the user terminal apparatus 100’
may determine whether a touch object such as a finger
or a stylus pen contacts or approaches a target using a
magnetic and magnetic field sensor, an optical sensor,
a proximity sensor, or the like instead of a touch sensor.
[0085] The geomagnetic sensor may be a sensor for
detecting a rotation state, a moving direction, and the like
of the user terminal apparatus 100’. The gyro sensor may
be a sensor for detection of a rotational angle of the user
terminal apparatus 100’. Both of the geomagnetic sensor
and the gyro sensor may be included, but even if one of
these is included, a rotation state of the user terminal
apparatus 100’ may be detected.

[0086] The acceleration sensor may be a sensor for
detecting a movement acceleration degree in X and Y
axes of the user terminal apparatus 100’.

[0087] The proximity sensor may be a sensor for de-
tection of a motion of an object approaching a display
surface without direct contact with the display surface.
The proximity sensor may be embodied in the form of
various types of sensors such as a high frequency oscil-
lating type sensor that forms a high-frequency magnetic
field and detects current induced by magnetic field char-
acteristics changed in the case of proximity of an object,
a magnetic type sensor using a magnet, and a capaci-
tance type sensor for detecting electrostatic capacitance
changed due to proximity of an object.

[0088] The grip sensormaybe asensorthatis provided
on a rear surface, an edge, and a handle portion irre-
spective of a touch sensor included in a touch screen of
the user terminal apparatus 100’ so as to detect user
grip. The grip sensor may be embodied as a pressure
sensor other than a touch sensor.

[0089] In addition, the user terminal apparatus 100’
may further include the audio processor 160 for process-
ing audio data, the video processor 170 for processing
video data, a speaker (not shown) for outputting various
notification sounds, voice messages, or the like as well
as various audio data items processed by the audio proc-
essor 160, and a microphone (not shown) for receiving
user voice or other sounds and converting the sounds
into audio data.

[0090] FIGS. 9A and 9B are diagrams illustrating a
method for calculating illumination according to an ex-
emplary embodiment.

[0091] According to an exemplary embodiment, in or-
der to measure illumination, the user terminal apparatus-
es 100 and 100’ may use inclination information detected
by the gyro sensor, the geomagnetic sensor, the accel-
eration sensor, and the like.

[0092] Indetail, asillustrated in FIG. 9A, the measured
illumination may be corrected based on the sensing illu-
mination 911 and the inclination information 912 detected
by the gyro sensor, the geomagnetic sensor, the accel-
eration sensor, and the like. Here, the illumination infor-
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mation may be a single illumination measured by the first
or second sensor 120 or 130.

[0093] In addition, a value obtained by correcting illu-
mination, which corresponds to the inclination informa-
tion 912, may be acquired (920) and the sensing illumi-
nation 911 may be corrected based on the acquired value
obtained by correcting illumination (930).

[0094] Forexample, asillustrated in FIG. 9B, the value
obtained by correcting illumination for each inclination
may be stored in the form of a lookup table 925 and a
illumination value that is actually measured in real time
may be corrected based on the corresponding lookup
table 925. Here, the lookup table 925 may be separately
provided for each sensor included in the user terminal
apparatuses 100 and 100’. For example, a corresponding
lookup table may be provided based on sensing charac-
teristics, a position in which a sensor is installed, and the
like according to a sensor type. For example, a lookup
table for correcting illumination measured by the first sen-
sor 120 and a lookup table for correcting illumination
measured by the second sensor 130 may be separately
provided. The lookup table may be stored during manu-
facture of the user terminal apparatuses 100 and 100’
but may be provided by a server (not shown) or updated.
[0095] Corrected illumination may be calculated ac-
cording to "input illumination®illumination correction val-
ue for each inclination" but is not limited thereto, and thus
may be calculated in various forms according to a type
of an illumination correction value for each inclination.
For example, when an illumination correction value for
each inclination is stored as an illumination amount to be
added or subtracted, the corrected illumination may be
calculated in the form of "input illumination = illumination
correction value for inclination".

[0096] As described above, inclination information
may be used during measurement of illumination, there-
by enhancing accuracy of an illumination measurement
value.

[0097] FIGS. 10A and 10B are diagrams illustrating a
method for calculating illumination according to an ex-
emplary embodiment.

[0098] As illustrated in FIG. 10A, illumination may be
calculated based on illumination 1011 measured by the
first sensor 120, illumination 1012 measured by the sec-
ond sensor 130, and inclination information 1020.
[0099] Indetail, a weight corresponding to each sensor
corresponding to the inclination information 1020 may be
acquired (1030) andillumination may be estimated based
on the acquired weight for each sensor (1040).

[0100] This is because a value of illumination of the
first sensor 120 and the second sensor 130 is changed
according to a device inclination. For example, when a
device is directed upward, a value for use of a front illu-
mination sensor may be high, and when the device is
directed downward, a value for use of a rear illumination
may be high. As such, weights for summing two or more
illumination sensors may be differentiated according to
an inclination of the device.
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[0101] For example, as illustrated in FIG. 9B, different
weights to be applied to respective illuminations meas-
ured by the first sensor 120 and the second sensor 130
for each inclination (e.g., an X-axis angle) of the user
terminal device 100 may be stored in the form of a lookup
table 1035 and an illumination that is actually measured
inreal time may be corrected based on the corresponding
lookup table 930. Here, the lookup table 1035 may be
embodied in various forms in some embodiments. For
example, an inclination range for applying the same
weight, a weight applied to each inclination range, and
the like may be differently set from the illustrated lookup
table 1035. For example, a specific weight may be
switched to "front illumination 100 % / rear illumination
0%" or "front illumination 0% / rear illumination 100%".
[0102] A lookup table may be set in the form of a cor-
rection value to be added or subtracted according to an
inclination instead of a weight. The lookup table may be
stored during manufacture of the user terminal appara-
tuses 100 and 100’ but may be provided by a server (not
shown) or updated.

[0103] Estimated illumination may be calculated ac-
cording to "(a*first sensor illumination) + (B*second sen-
sor illumination), "wherein o. and p are weights, but is not
limited thereto. For example, when an illumination cor-
rection value for each inclination is stored as an amount
of illumination to be added or subtracted, corrected illu-
mination may be calculated according to "{(first sensor
illumination-y)+(second  sensor illumination-8)}/k,"
wherein y and & are correction values.

[0104] FIG. 11 is a diagram illustrating a method for
calculating illumination according to an exemplary em-
bodiment.

[0105] Referringto FIG. 11, illumination may be calcu-
lated based on a sensing result of proximity sensors pro-
vided on front and rear surfaces on which the first sensor
120 and the second sensor 130 are provided. For exam-
ple, an IR sensor or the like may be used as the proximity
sensor provided on the rear surface, but is not limited
thereto. This is based on a principle in which sensing
data of a corresponding illumination sensor is reliable
only when there is no approaching person or object, in
that the reliability of sensing data of the illumination sen-
sor is lowered when a person or an object approaches.
[0106] Asillustrated, when proximity of an object is de-
tected by a proximity sensor positioned on a surface of
the first sensor 120 (1120:Y), reliability of the illumination
1011 sensed by the first sensor 120 is lowered, and thus
the illumination 1111 sensed by the first sensor 120 may
be disregarded (1130), and only when proximity is not
detected by the proximity sensor (1120:N), the illumina-
tion 1111 sensed by the first sensor 120 may be used
(1140).

[0107] In addition, like the first sensor 120, when prox-
imity of an object is detected by a proximity sensor posi-
tioned on a surface of the second sensor 130 (1150:Y),
reliability of the illumination 1112 sensed by the second
sensor 130 is disregarded, and thus the illumination 1112
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sensed by the second sensor 130 may be disregarded
(1155), and only when proximity is not detected by the
proximity sensor (1150:N), illumination sensed by the
second sensor 130 may be used (1160).

[0108] In detail, only when proximity of an object is not
detected on a surface on which each sensor is provided,
illumination may be calculated in consideration of incli-
nation using the illumination 1111 sensed by the first sen-
sor 120 and the illumination 1112 sensed by the second
sensor 130 via the various methods described with ref-
erence to FIGS. 9A and 9B (1170).

[0109] FIGS. 12A and 12B are diagrams illustrating an
illumination sensor according to an exemplary embodi-
ment.

[0110] FIG.12Aisadiagramillustratingacasein which
a heart rate monitor (HRM) sensor provided on a rear
surface of the user terminal device 100 is used as the
second sensor 130 according to an exemplary embodi-
ment.

[0111] In general, the HRM sensor may sense both
visible light rays and infrared light rays in order to meas-
ure a heart rate of a user. As illustrated in FIG. 12A, the
HRM sensor may sense a portion of a visible ray region.
Accordingly, the HRM sensor may be used instead of the
second sensor 130.

[0112] In detail, many indoor spaces include fluores-
cent lamp and/or light emitting diode (LED) illumination.
As illustrated in FIG. 12B, since the fluorescentlamp and
the LED illumination have insignificant IR components,
when light emitted therefrom is sensed by the HRM, only
the visible light rays are sensed. That is, under the fluo-
rescent lamp and the LED illumination, the HRM sensor
has high reliability as an illumination sensor. However,
sunlight and tungsten-based light bulbs include signifi-
cant IR components, and thus when light is sensed by
the HRM sensor, a sensed value is high. In this case, the
sensed value may downscaled and used. That is, when
the HRM sensor is used as a rear illumination sensor,
the characteristics of a light source need to be analyzed
in order to estimate illumination. For example, whether
an illumination of a space in which an object is currently
positioned is a fluorescent lamp or an incandescent lamp
may be determined and a scaling factor corresponding
thereto may be applied.

[0113] FIG. 13 is a diagram illustrating a method for
estimating a type of a light source according to an exem-
plary embodiment.

[0114] According to an exemplary embodiment, when
afrontillumination sensoris embodied as an RGB sensor
and a rear illumination sensor is embodied as an HRM
sensor, a type of a light source of a space in which a user
is positioned may be determined using a sensing value
of the RGB sensor.

[0115] Indetail, asillustrated in FIG. 13, an R/G/B ratio
of a sensing value 1311 sensed by the RGB sensor may
be analyzed (1320) and a weight corresponding to the
analyzed ratio, that is, the light source type may be ac-
quired (1330). In this case, as illustrated, a weight cor-
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responding to the R/G/B ratio may be acquired based on
predefined mapping information (e.g., a graph formed by
mapping an R/G/B ratio and a weight).

[0116] Then, the acquired weight may be applied to a
value 1312 sensed by the second sensor 130, that is,
the HRM sensor, to calculate an estimated value of illu-
mination of the second sensor (1340). For example, the
value 1312 sensed by the HRM sensor may be multiplied
by a weight to calculate an estimated value of illumina-
tion.

[0117] Forexample, since anincandescentlamp (bulb
color) contains more red wavelength ranges than blue
wavelength ranges, high R/B values may be obtained
from a value sensed by the first sensor 120, that is, a
front RGB sensor. In this case, a high HRM sensing value
may be obtained compared with illumination, and thus
the HRM sensing value may be corrected by reducing
an applied weight. However, a low R/B value is sensed
compared with an incandescent lamp with respect to the
LED, and thus illumination may be estimated from the
HRM sensing value by increasing the applied weight in
this case.

[0118] However, the aforementioned embodiment is
merely an exemplary embodiment, and as necessary,
the value 1312 sensed by the HRM sensor may be di-
rectly used as an illumination value rather than being
corrected or may be simply scaled and used as an illu-
mination value. For example, rear illumination = rear
HRM sensing value* K (fixed simple scaling factor) may
be calculated.

[0119] FIG. 14 is a flowchart illustrating a method for
adjusting luminance of a user terminal apparatus accord-
ing to an exemplary embodiment.

[0120] According to a method for adjusting luminance
of a user terminal apparatus including a first sensor that
is provided on a front surface of a user terminal apparatus
accordingto an exemplary embodimentillustrated in FIG.
14 and detects emitted light and a second sensor that is
provided on a rear surface of the user terminal apparatus
and detects emitted light, the first sensor and the second
sensor may detect emitted light (S1410).

[0121] Then luminance of a display provided on the
front surface may be adjusted based on front illumination
detected through the first sensor and rear illumination
detected through the second sensor (S1420).

[0122] In operation S1420 for adjusting the luminance
of the display, whether an illumination space is changed
may be determined based on instantaneous variation of
the front illumination and instantaneous variation of the
rear illumination, and when it is determined that the illu-
mination space is changed, luminance of the display may
be adjusted so as to correspond to the changed illumi-
nation space.

[0123] In operation S1420 for adjusting the luminance
of the display, when the instantaneous variation of the
front illumination and instantaneous variation of the rear
illumination are equal to or more than a predetermined
threshold value and variation directions thereof are iden-
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tical to each other, luminance of a display may be adjust-
ed at a time point when the illumination space is changed.
[0124] In addition, in operation S1420 for adjusting lu-
minance of display, when instantaneous variations of the
front illumination and rear illumination are positive num-
bers, an illumination space may be determined to be rel-
atively changed to a light space from a dark space, and,
when instantaneous variations of the front illumination
and rear illumination are negative numbers, the illumina-
tion space may be determined to be relatively changed
to a dark space from a light space.

[0125] In operation S1420 for adjusting luminance of
the display, a backlight situation may be determined
based on a comparison result of the front illumination and
the rear illumination, and when a current situation is de-
termined to be a backlight situation, luminance of the
display may be adjusted to correspond to the backlight
situation.

[0126] In operation S1420 for adjusting luminance of
the display, when a current situation is determined to be
a backlight situation, luminance of the display may be
increased compared with current luminance.

[0127] In operation S1420 for adjusting luminance of
the display, when a current situation is determined to be
a backlight situation, an intensity of the backlight may be
calculated and a value obtained by increasing luminance
may be calculated based on the intensity of backlight.
[0128] In operation S1420 for adjusting luminance of
the display, the intensity of backlight may be calculated
based on at least one of a ratio, a difference value, and
a mathematical calculation combination of front illumina-
tion and rear illumination.

[0129] In operation S1420 for adjusting luminance of
the display, when a current situation is determined to be
a backlight situation, luminance of display may be ad-
justed based on the rear illumination or a higher weight
than the front illumination may be applied to the rear il-
lumination to adjust luminance of the display to the cal-
culated luminance value.

[0130] As described above, according to the diverse
exemplary embodiments, when illumination is measured
using an optical sensor, measurement error may be min-
imized and measurement accuracy may be enhanced.
Thatis, it may be possible to sense optimum illumination
by combining device inclination information and proximity
information of an object using a plurality of illumination
data items. Accordingly, it may be possible to sense illu-
mination with high reliability even under various unfavo-
rable conditions such as user movement or inclination
and shadow.

[0131] In addition, it may be possible to accurately de-
termine a time point of change of an illumination space.
In particular, "minimum sensing delay time" that is con-
ventionally present may be drastically reduced in terms
of development of an illumination sensor. Accordingly, a
high performance and rapid illumination sensing device
may be developed. Here, in order to prevent instantane-
ous measurement error due to user shadow or dynamic
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external environments, sensing values may be accumu-
lated or a sensing value may be determined to be a true
value only when variation in the sensing value is main-
tained for predetermined time or more when the sensing
value is varied. In this regard, the "minimum sensing de-
lay time" may refer to delay time required to this objective.
[0132] In addition, physical optical sensing coverage
may be enlarged. Conventionally, a diffuser is installed
on a single optical sensor. However, according to the
diverse exemplary embodiments, two or more sensors
may be simultaneously used, and thus there may be
many instrumental advantages in terms of a measure-
ment direction and range.

[0133] In addition, it may be possible to accurately de-
tect a backlight situation and to recognize intensity of the
backlight. Due to the characteristics of a mobile electronic
device, the device may be frequently present in a back-
light situation. In particular, a user of a mobile device may
frequently face a backlight situation at the window in the
daytime. In this case, when display luminance is control-
led by accurately detecting a backlight situation and
backlight intensity, optimum visibility may be ensured.
[0134] In addition, it may be possible to control opti-
mum display luminance in consideration of a visual sys-
tem (VS). As described above, it may be possible to op-
timize luminance without irritation in terms of a user’s
visual perception by maintaining luminance constancy in
the same space and adjusting luminance when an illu-
mination space is changed.

[0135] The method for adjusting luminance of a user
terminal device according to the diverse exemplary em-
bodiments may be embodied as a program and provided
to a user terminal device.

[0136] For example, a non-transitory computer reada-
ble medium may be provided for storing a program for
an operation of executing detecting light emitted through
afirst sensor provided on a first surface of a user terminal
device and a second sensor provided on a rear surface
of the user terminal device and adjusting luminance of
display based on front illumination detected through the
first sensor and rear illumination detected through the
second sensor.

[0137] The non-transitory computer readable medium
is a medium which does not store data temporarily such
as a register, cache, or memory but stores data semi-
permanently and is readable by other devices. More spe-
cifically, the aforementioned applications or programs
may be stored in the non-transitory computer readable
media such as compact disks (CDs), digital video disks
(DVDs), hard disks, Blu-ray disks, universal serial buses
(USBs), memory cards, and read-only memory (ROM).

Claims
1. A user terminal device (100) comprising:

a display (110);
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a first sensor (120) provided on a front surface
of the user terminal device;

a second sensor (130) provided on a rear sur-
face of the user terminal device; and

a controller (140) configured to adjust a lumi-
nance of the display based on a frontillumination
identified by the first sensor and a rear illumina-
tion identified by the second sensor,

wherein the controller is further configured to:

obtain a first weight to be applied to the front
illumination and a second weight to be ap-
plied to the rear illumination;

identify that a current situation is a backlight
situation in which the rear illumination is
greater than the frontillumination by at least
a threshold value based on a comparison
result of the front illumination and the rear
illumination, and,

based on the identifying that the current sit-
uation is the backlight situation, obtain a lu-
minance value by applying the second
weight that is higher than the first weight to
the rear illumination, and

adjust the luminance of the display based
on the luminance value.

The user terminal (100) device of claim 1, wherein
the controller (140) is further configured to identify
that an illumination space is changed based on a
variation of the front illumination and a variation of
the rear illumination, and, based on the identifying
that the illumination space is changed, to adjust the
luminance of the display based on a luminance of
the changed illumination space.

The user terminal device (100) of claim 2, wherein
the controller (140) is further configured to identify
that the illumination space is changed and to adjust
the luminance of the display at a time point when the
variation of the front illumination and the variation of
the rear illumination are equal to or greater than pre-
set threshold values and when a variation direction
of the front illumination is the same as a variation
direction of the rear illumination.

The user terminal device (100) of claim 3, wherein
the controller (140) is further configured such that,
based on the variation of the front illumination and
the variation of the rear illumination corresponding
to anincreased luminance being received by the first
sensor and the second sensor, the controller identi-
fies that the illumination space is relatively changed
from a darker space to a lighter space; and, based
on the variation of the front illumination and the var-
iation of the rear illumination corresponding to a de-
creased luminance being received by the first sensor
and the second senor, the controller identifies that
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the illumination space is relatively changed from a
lighter space to a darker space.

The user terminal device of claim 1, wherein the con-
troller is further configured to calculate an intensity
of the backlight situation based on the identifying that
the current situation is the backlight situation, and to
calculate a target luminance of the display based on
the intensity of the backlight situation.

The user terminal device (100) of claim 5, wherein
the controller (140) is further configured to calculate
the intensity of the backlight based on at least one
of a ratio of the front illumination and the rear illumi-
nation, a difference between the front illumination
and the rear illumination, and a preset mathematical
calculation based on the front illumination and the
rear illumination.

The user terminal device (100) of claim 1, wherein,
based on the identifying that the current situation is
the backlight situation, the controller is further con-
figured to adjust the luminance of the display to a
luminance value calculated by applying a higher
weight to the rear illumination than the front illumi-
nation.

The user terminal device (100) of claim 1, wherein
each of the first sensor (120) and the second sensor
(130) comprises at least one of an RGB sensor, a
white sensor, an IR sensor, an IR+RED sensor, a
heart rate monitor (HRM) sensor, and a camera.

The user terminal device (100) of claim 1, wherein:

the first sensor (120) comprises an RGB sensor,
and the second sensor (130) comprises a heart
rate monitor (HRM) sensor which senses a por-
tion of a visible ray region; and

the controller (140) is further configured to scale
a sensing value sensed by the HRM sensor
based on a characteristic of the front illumination
and the rear illumination.

A method of adjusting luminance of a user terminal
device (100) comprising a first sensor (120) provided
on a front surface of the user terminal device and
configured to identify a front illumination and a sec-
ond sensor (130) provided on a rear surface of the
user terminal device and configured to identified a
rear illumination, the method comprising:

obtaining a first weight to be applied to the front
illumination and a second weight to be applied
to the rear illumination;

identifying the front illumination by the first sen-
sor and the rear illumination by second sensor;
and
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adjusting a luminance of a display provided on
the front surface of the user terminal device
based on the front illumination identified by the
first sensor and the rear illumination identified
by the second sensor,

wherein the adjusting comprises identifying that
a current situation is a backlight situation in
which the rear illumination is greater than the
front illumination by at least a threshold value
based on a comparison result of the front illumi-
nation and the rear illumination, and, based on
the identifying that the current situation is the
backlight situation, obtaining a luminance value
by applying the second weight which is higher
than the first weight to the rear illumination; and
adjusting the luminance of the display based on
the luminance value.

Patentanspriiche

Benutzerendgerat (100), umfassend:

eine Anzeige (110);

einen ersten Sensor (120), der auf einer vorde-
ren Oberflaiche des Benutzerendgerats bereit-
gestellt ist;

einen zweiten Sensor (130), der auf einer hin-
teren Oberflache des Benutzerendgerats bereit-
gestellt ist; und

eine Steuerung (140), die dazu konfiguriert ist,
eine Leuchtdichte der Anzeige basierend auf ei-
ner durch den ersten Sensor identifizierten vor-
deren Beleuchtung und einer durch den zweiten
Sensor identifizierten hinteren Beleuchtung ein-
zustellen,

wobei die Steuerung ferner konfiguriert ist, um:

ein erstes Gewicht, das auf die vordere Be-
leuchtung anzuwenden ist, und ein zweites
Gewicht, das auf die hintere Beleuchtung
anzuwenden ist, zu erhalten;

basierend auf einem Vergleichsergebnis
der vorderen Beleuchtung und der hinteren
Beleuchtung zu erkennen, dass eine aktu-
elle Situation eine Gegenlichtsituationist, in
der die hintere Beleuchtung um mindestens
einen Schwellwert gréRer ist als die vordere
Beleuchtung, und,

basierend auf dem ldentifizieren, dass die
aktuelle Situation die Hintergrundbeleuch-
tungssituation ist, einen Leuchtdichtewert
zu erhalten, indem das zweite Gewicht, das
hoher ist als das erste Gewicht, auf die hin-
tere Beleuchtung aufgebracht wird, und
die Leuchtdichte der Anzeige basierend auf
dem Leuchtdichtewert einzustellen.
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2,

Benutzerendgerat (100) nach Anspruch 1, wobei die
Steuerung (140) ferner konfiguriert ist, um zu iden-
tifizieren, dass ein Beleuchtungsraum basierend auf
einer Variation der vorderen Beleuchtung und einer
Variation der hinteren Beleuchtung geandert wird,
und basierend auf dem ldentifizieren, dass der Be-
leuchtungsraum geandert wird, die Leuchtdichte der
Anzeige basierend auf einer Leuchtdichte des ge-
anderten Beleuchtungsraums einzustellen.

Benutzerendgerat (100) nach Anspruch 2, wobei die
Steuerung (140) ferner konfiguriert ist, um zu iden-
tifizieren, dass der Beleuchtungsraum geéandert
wird, und um die Leuchtdichte der Anzeige zu einem
Zeitpunkt einzustellen, wenn die Variation der vor-
deren Beleuchtung und die Variation der hinteren
Beleuchtung gleich oder gréRRer als voreingestellte
Schwellenwerte sind, und wenn eine Variationsrich-
tung der vorderen Beleuchtung dieselbe ist wie eine
Variationsrichtung der hinteren Beleuchtung.

Benutzerendgerat (100) nach Anspruch 3, wobei die
Steuerung (140) ferner so konfiguriert ist, dass, ba-
sierend auf der Veranderung der vorderen Beleuch-
tung und der Veranderung der hinteren Beleuchtung
entsprechend einer erhdhten Leuchtdichte, die von
dem ersten Sensor und dem zweiten Sensor emp-
fangen wird, die Steuerung identifiziert, dass der Be-
leuchtungsraum relativ von einem dunkleren Raum
zu einem helleren Raum geéandert wird; und basie-
rend auf der Variation der vorderen Beleuchtung und
der Variation der hinteren Beleuchtung, die einerver-
ringerten Leuchtdichte entspricht, die von dem ers-
ten Sensor und dem zweiten Sensor empfangen
wird, die Steuerung identifiziert, dass der Beleuch-
tungsraum relativ von einem helleren Raum zu ei-
nem dunkleren Raum geéndert wird.

Benutzerendgerat nach Anspruch 1, wobei die Steu-
erung ferner dazu konfiguriert ist, eine Intensitat der
Hintergrundbeleuchtungssituation basierend auf
dem ldentifizieren, dass die aktuelle Situation die
Hintergrundbeleuchtungssituation ist, zu berech-
nen, und eine Zielhelligkeit der Anzeige basierend
auf der Intensitat der Hintergrundbeleuchtungssitu-
ation zu berechnen.

Benutzerendgerat (100) nach Anspruch 5, wobei die
Steuerung (140) ferner konfiguriert ist, um die Inten-
sitat der Hintergrundbeleuchtung basierend auf min-
destens einem von einem Verhaltnis der vorderen
Beleuchtung und der hinteren Beleuchtung, einem
Unterschied zwischen der vorderen Beleuchtung
und der hinteren Beleuchtung und einer voreinge-
stellten mathematischen Berechnung basierend auf
der Frontbeleuchtung und der Rickbeleuchtung zu
berechnen.
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Benutzerendgerat (100) nach Anspruch 1, wobei ba-
sierend auf dem Identifizieren, dass die aktuelle Si-
tuation die Hintergrundbeleuchtungssituation ist, die
Steuerung ferner dazu konfiguriert ist, die Leucht-
dichte der Anzeige auf einen Leuchtdichtewert ein-
zustellen, der berechnet wird, indem ein hoheres Ge-
wicht auf die hintere Beleuchtung als auf die vordere
Beleuchtung angewendet wird.

Benutzerendgerat (100) nach Anspruch 1, wobei so-
wohl dererste Sensor (120) als auch der zweite Sen-
sor (130) mindestens einen von einem RGB-Sensor,
einem WeilRsensor, einem |R-Sensor, einem
IR+RED-Sensor, einem Herzfrequenzsensor
(HRM) und einer Kamera umfasst.

Benutzerendgerat (100) nach Anspruch 1, wobei:

der erste Sensor (120) einen RGB-Sensor um-
fasst und der zweite Sensor (130) einen Herz-
frequenziiberwachungssensor (HRM) umfasst,
der einen Teil eines Bereichs sichtbarer Strah-
len erfasst; und

die Steuerung (140) ferner dazu konfiguriert ist,
einen Erfassungswert, der von dem HRM-Sen-
sor erfasst wird, basierend auf einer Charakte-
ristik der vorderen Beleuchtung und der hinteren
Beleuchtung zu skalieren.

Verfahren zum Anpassen der Leuchtdichte eines
Benutzerendgerats (100), das einen ersten Sensor
(120) umfasst, der auf einer vorderen Oberflache
des Benutzerendgerats bereitgestellt und konfigu-
riert ist, um eine vordere Beleuchtung zu identifizie-
ren, und einen zweiten Sensor (130), der auf einer
hinteren Oberflache des Benutzerendgerats bereit-
gestellt und dazu konfiguriert ist, eine hintere Be-
leuchtung zuidentifizieren, wobei das Verfahren Fol-
gendes umfasst:

Erhalten eines ersten Gewichts, das auf die vor-
dere Beleuchtung anzuwenden ist, und eines
zweiten Gewichts, das auf die hintere Beleuch-
tung anzuwenden ist;

Identifizieren der vorderen Beleuchtung durch
den ersten Sensor und der hinteren Beleuch-
tung durch den zweiten Sensor; und
Anpassen einer Leuchtdichte einer Anzeige, die
auf der Vorderseite des Benutzerendgerats be-
reitgestellt ist, basierend auf der durch den ers-
ten Sensor identifizierten vorderen Beleuchtung
und der durch den zweiten Sensor identifizierten
hinteren Beleuchtung,

wobei das Anpassen ein Identifizieren umfasst,
dass eine aktuelle Situation eine Hintergrund-
beleuchtungssituation ist, in der die hintere Be-
leuchtung um mindestens einen Schwellenwert
groRer als die vordere Beleuchtung ist, basie-
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rend auf einem Vergleichsergebnis der vorde-
ren Beleuchtung und der hinteren Beleuchtung,
und basierend auf dem Identifizieren, dass die
aktuelle Situation die Hintergrundbeleuchtungs-
situation ist, Erhalten eines Leuchtdichtewerts
durch Anwenden des zweiten Gewichts, das ho-
her als das erste Gewicht ist, auf die hintere Be-
leuchtung; und Anpassen der Leuchtdichte der
Anzeige basierend auf dem Leuchtdichtewert.

Revendications

Dispositif de terminal  d'utilisateur

comprenant :

(100),

un affichage (110) ;

un premier capteur (120) prévu sur une surface
avant du dispositif terminal utilisateur ;

un second capteur (130) prévu sur une surface
arriére du dispositif terminal utilisateur ; et

un dispositif de commande (140) configuré pour
ajuster une luminance de I'affichage sur la base
d’'un éclairage avant identifié par le premier cap-
teur et d’un éclairage arriére identifié par le se-
cond capteur,

dans lequel le dispositif de commande est en
outre configuré pour :

obtenir une premiére masse a appliquer sur
I'éclairage avant et une seconde masse a
appliquer sur I'éclairage arriére ;

identifier qu’une situation actuelle est une
situation de rétroéclairage dans laquelle
I'éclairage arriére est supérieur al’éclairage
avant a raison d’au moins une valeur de
seuil sur la base d’un résultat de comparai-
son de I'éclairage avant et de I'éclairage ar-
riére, et,

sur la base de lidentification du fait que la
situation actuelle est la situation de rétroé-
clairage, obtenir une valeur de luminance
en appliquant le second poids qui est supé-
rieur au premier poids a I'éclairage arriéere,
et

ajuster la luminance de I'affichage en fonc-
tion de la valeur de luminance.

2. Dispositif de terminal utilisateur (100) selon la reven-

dication 1, dans lequel le dispositif de commande
(140) est en outre configuré pour identifier qu'un es-
pace d’éclairage est modifié sur la base d’une varia-
tion de I'éclairage avant et d’'une variation de I'éclai-
rage arriére, et, sur la base de l'identification du fait
que I'espace d’éclairage est modifié, pour ajuster la
luminance de I'affichage surlabase d’'une luminance
de I'espace d’éclairage modifié.
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Dispositif de terminal utilisateur (100) selon la reven-
dication 2, dans lequel le dispositif de commande
(140) est en outre configuré pour identifier que l'es-
pace d’éclairage est modifié et pour ajuster la lumi-
nance de l'affichage a un instant ou la variation de
I'éclairage avant et la variation de I'éclairage arriére
sont égales ou supérieures a des valeurs de seuil
prédéfinies et lorsqu’une direction de variation de
I'éclairage avant est la méme qu’une direction de
variation de I'éclairage arriere.

Dispositif de terminal utilisateur (100) selon la reven-
dication 3, dans lequel le dispositif de commande
(140) esten outre configuré de sorte que, surlabase
de la variation de I'éclairage avant et de la variation
del’éclairage arriere correspondant a une luminance
accrue regue par le premier capteur et le second
capteur, le dispositif de commande identifie que I'es-
pace d’éclairage est relativement changé d’un es-
pace plus sombre a un espace plus clair ; et, sur la
base de la variation de I'éclairage avant et de la va-
riation de I'éclairage arriere correspondant a une di-
minution de la luminance regue par le premier cap-
teur et le second capteur, le dispositif de commande
identifie que I'espace d’éclairage est relativement
modifié d’un espace plus clair a un espace plus som-
bre.

Dispositif de terminal utilisateur selon la revendica-
tion 1, dans lequel le dispositif de commande est en
outre configuré pour calculer une intensité de la si-
tuation de rétroéclairage sur la base de l'identifica-
tion du fait que la situation actuelle est la situation
de rétroéclairage, et pour calculer une luminance ci-
ble de I'affichage sur la base de l'intensité de la si-
tuation de rétroéclairage.

Dispositif de terminal utilisateur (100) selon la reven-
dication 5, dans lequel le dispositif de commande
(140) est en outre configuré pour calculer I'intensité
du rétroéclairage sur la base d’au moins I'un d’'un
rapport de I'éclairage avant et de I'éclairage arriére,
d’'une différence entre I'éclairage avant et I'éclairage
arriére, et d’'un calcul mathématique prédéfini sur la
base de I'éclairage avant et de I'éclairage arriére.

Dispositif de terminal utilisateur (100) selon la reven-
dication 1, dans lequel, sur la base de I'identification
du fait que la situation actuelle est la situation de
rétroéclairage, le dispositif de commande est en
outre configuré pour ajuster la luminance de I'affi-
chage a une valeur de luminance calculée par I'ap-
plication d’un poids plus élevé sur I'éclairage arriére
que l'éclairage avant.

Dispositif de terminal utilisateur (100) selon la reven-
dication 1, dans lequel chacun du premier capteur
(120) etdu second capteur (130) comprend au moins
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I'un d’'un capteur RVB, d’'un capteur de blanc, d’'un
capteur IR, d’un capteur IR+ROUGE, un capteur de
fréquence cardiaque (HRM) et une caméra.

Dispositif terminal utilisateur (100) selon la revendi-
cation 1, dans lequel :

le premier capteur (120) comprend un capteur
RVB, et le second capteur (130) comprend un
capteur de moniteur de fréquence cardiaque
(HRM) qui détecte une partie d’'une région de
rayon visible ; et

le dispositif de commande (140) est en outre
configuré pour mettre a I'échelle une valeur de
détection détectée par le capteur HRM sur la
base d’une caractéristique de I'éclairage avant
et de I'éclairage arriére.

Procédé d’ajustement de la luminance d’un terminal
utilisateur (100) comprenant un premier capteur
(120) prévu sur une surface avant du terminal utili-
sateur et configuré pour identifier un éclairage avant
et un second capteur (130) prévu sur une surface
arriere du terminal utilisateur et configuré pour iden-
tifier un éclairage arriére, le procédé comprenant :

I'obtention d’'une premiére masse a appliquer
sur I'éclairage avant et d’'une seconde masse a
appliquer sur I'éclairage arriére ;

I'identification de I'éclairage avant par le premier
capteur et de I'éclairage arriére par le second
capteur ; et

I'ajustement d’'une luminance d'un affichage
prévu sur la surface avant du dispositif terminal
utilisateur sur la base de I'éclairage avant iden-
tifieé par le premier capteur et de I'éclairage ar-
riere identifié par le second capteur,

dans lequel I'ajustement comprend l'identifica-
tion du fait qu’une situation actuelle est une si-
tuation de rétroéclairage dans laquelle I'éclaira-
ge arriere est supérieur a I'éclairage avant a rai-
son d’au moins une valeur de seuil sur la base
d'un résultat de comparaison de I'éclairage
avant et de I'éclairage arriére, et, sur la base de
I'identification du fait que la situation actuelle est
la situation de rétroéclairage, I'obtention d’'une
valeur de luminance en appliquant le second
poids qui est supérieurau premier poids al’éclai-
rage arriere ; etl'ajustement de la luminance de
I'affichage sur la base de lavaleur de luminance.
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[Fig. 1C]
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[Fig. 3B]
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[Fig. SA]
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[Fig. 6]
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[Fig. 8A]
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[Fig. 10A]
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[Fig. 11]
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[Fig. 12A]
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[Fig. 14]
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