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(54) APPARATUS FOR ILLUMINATING A SCENE AND CONTROL METHOD THEREOF

(57) An apparatus for illuminating a scene to be cap-
tured includes an illumination source configured to illu-
minate the scene; an adaptive optical element configured
to be controlled to change an illumination in the scene
by the illumination source; and a controller configured to

determine an illumination pattern corresponding to the
scene, and configured to control the adaptive optical el-
ement to change the illumination in the scene by the il-
lumination source based on the determined illumination
pattern.



EP 3 010 223 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a camera or an
electronic apparatus (e.g., a smartphone) comprising a
camera, and more particularly, to an electronic apparatus
comprising an adaptive optical element which can be
controlled to change an illumination pattern provided by
an illumination source.
[0002] When an image is captured in a low-light setting,
an illumination source such as a flash can be used to
temporarily increase the amount of light in a scene being
captured. The illumination source may not be capable of
sufficiently illuminating the scene because illumination
sources used in portable devices are not designed to
reproduce a sufficient amount of light to illuminate a
whole scene. Consequently, by using a related art cam-
era and a flash system, a foreground subject can be over-
exposed while a background section is underexposed
due to the limited dynamic range of an image sensor and
the use of flash that is not powerful enough to illuminate
the whole scene. This is particularly problematic in cam-
eras integrated with mobile phones because design con-
straints impose size restrictions on lenses and image
sensors of the mobile phones, thereby limiting the
amount of light that can reach the image sensors. As a
result, the captured image may appear noisy and overly
dark, and elements in the foreground can be overex-
posed. The image quality may be improved by performing
post-processing on the image, however, the post-
processing requires additional processing time and re-
sources, and can be inconvenient for a user.
[0003] According to an aspect of an exemplary embod-
iment, there is provided an apparatus for illuminating a
scene to be captured, the apparatus including: an illumi-
nation source configured to illuminate the scene; an
adaptive optical element configured to be controlled to
change an illumination in the scene by the illumination
source; and a controller configured to determine an illu-
mination pattern corresponding to the scene, and con-
figured to control the adaptive optical element to change
the illumination in the scene by the illumination source
based on the determined illumination pattern.
[0004] The controller may be further configured to ob-
tain pre-capture data related to the scene, and configured
to determine the illumination pattern based on the pre-
capture data.
[0005] The pre-capture data may include data related
to illumination levels of areas within the scene, and the
controller may be further configured to determine the il-
lumination pattern in which a higher illumination level is
set for an area having a lower illumination level within
the scene and a lower illumination level is set for an area
having a higher illumination level within the scene.
[0006] The controller may be further configured to ob-
tain the data related to illumination levels from an image
sensor that is configured to capture an image of the
scene.
[0007] The pre-capture data may include colour infor-

mation related to a plurality of elements within the scene,
and the controller may be further configured to determine
the illumination pattern in which a higher illumination level
is set for a first element, which is determined to reflect
less light from the illumination source based on color in-
formation of the first element, and a lower illumination
level is for a second element, which is determined to re-
flect more light from the illumination source based on
color information of the second element.
[0008] The pre-capture data may include image data
captured from the scene using an image sensor that is
configured to capture an image of the scene, and the
apparatus may further include: a foreground separator
configured to separate a foreground element and a back-
ground in the scene based on the image data, wherein
the controller is configured to determine the illumination
pattern in which an illumination level set for the fore-
ground element is different from an illumination level set
for the background.
[0009] The adaptive optical element may be further
configured to have an optical property including at least
one of a refractive index and reflectivity.
[0010] The controller may be further configured to con-
trol at least one of an exposure time and an exposure
intensity of the illumination source.
[0011] The controller may be further configured to ob-
tain information about a dynamic range of an image sen-
sor that is configured to capture an image of the scene,
and configured to determine the illumination pattern
based on the dynamic range of the image sensor.
[0012] The adaptive optical element may include at
least one of an adaptive microlens array and a shape
controlled lens.
[0013] The adaptive optical element may include one
or more lenses configured to be moveable in a forward
or rear direction on an optical path of light between the
illumination source and the scene.
[0014] The illumination source may include a plurality
of light emitting elements.
[0015] The controller may be configured to separate a
foreground element and a background within the scene
based on an illumination level within the scene.
[0016] According to an aspect of another exemplary
embodiment, there is provided a control method of an
apparatus for illuminating a scene to be captured, the
apparatus including an illumination source configured to
illuminate the scene and an adaptive optical element con-
figured to be controlled to change an illumination in the
scene by the illumination source, the control method in-
cluding: determining an illumination pattern correspond-
ing to the scene; and controlling the adaptive optical el-
ement to change the illumination in the scene by the il-
lumination source based on the determined illumination
pattern.
[0017] The control method may further include obtain-
ing pre-capture data related to the scene, wherein the
determining includes determining the illumination pattern
based on the pre-capture data.
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[0018] The determining the illumination pattern based
on the pre-capture data may include determining the il-
lumination pattern in which a higher illumination level is
set for an area having a low illumination level within the
scene and a lower illumination level is set for an area
having a higher illumination level within the scene.
[0019] The control method may further include obtain-
ing data related to illumination levels from an image sen-
sor that is configured to capture an image of the scene.
[0020] The pre-capture data may include colour infor-
mation related to a plurality of elements within the scene,
and the determining the illumination pattern based on the
pre-capture data may include: determining the illumina-
tion pattern in which a higher illumination level is set for
a first element, which is determined to reflect less light
from the illumination source based on color information
of the first element, and a lower illumination level is set
for a second element, which is determined to reflect more
light from the illumination source based on color informa-
tion of the second element.
[0021] The pre-capture data may include image data
captured from the scene using an image sensor that is
configured to capture an image of the scene, and the
method may further include: separating a foreground el-
ement and a background in the scene based on the image
data, wherein the determining the illumination pattern
based on the pre-capture data includes determining the
illumination pattern in which an illumination level set for
the foreground element is different from an illumination
level set for the background.
[0022] The adaptive optical element may be config-
ured to have an optical property including at least one of
a refractive index and reflectivity.
[0023] The control method may further include control-
ling at least one of an exposure time and an exposure
intensity of the illumination source.
[0024] The control method may further include obtain-
ing information about a dynamic range of an image sen-
sor that is configured to capture an image of the scene,
wherein the illumination pattern is determined based on
the dynamic range of the image sensor.
[0025] According to an aspect of still another exempla-
ry embodiment, there is provided a non-transitory com-
puter-readable storage medium storing computer pro-
gram instructions which, when executed, cause a com-
puter to perform the above control method.
[0026] According to an aspect of still another exempla-
ry embodiment, there is provided an apparatus for cap-
turing an image, the apparatus including: an illumination
source configured to illuminate a scene; an image sensor
configured to capture the image of the scene; and a con-
troller configured to determine an illumination pattern
based on information about the scene, and configured
to control an illumination in the scene by the illumination
source based on the determined illumination pattern.
[0027] The information about the scene may include
information about at least one of an illumination level and
a color within the scene.

[0028] The apparatus may further include an adaptive
optical element positioned between the illumination
source and the scene, wherein the adaptive optical ele-
ment includes at least one of an adaptive microlens array,
a shape controlled lens, and a micromirror array.
[0029] The controller may be further configured to con-
trol the adaptive optical element to switch or move the
adaptive optical element, or change a shape of the adap-
tive optical element.
[0030] The controller may be configured to control an
illumination in the scene by controlling at least one of an
exposure time and an exposure intensity of the illumina-
tion source based on the determined illumination pattern.
[0031] The above and/or other aspects will become
more apparent by describing certain exemplary embod-
iments with reference to the accompanying drawings, in
which:

FIG. 1 schematically illustrates an image capture de-
vice, according to an exemplary embodiment;
FIGS. 2A to 2C schematically illustrate different illu-
mination patterns obtained using a shape-controlled
lens as an adaptive optical element, according to an
exemplary embodiment;
FIG. 3 illustrates an adaptive optical element com-
prising a micromirror array, according to an exem-
plary embodiment;
FIG. 4 illustrates an adaptive optical element com-
prising a microlens array, according to an exemplary
embodiment;
FIG. 5 illustrates an adaptive optical element com-
prising a moveable lens, according to an exemplary
embodiment;
FIG. 6 is a flowchart showing a control method of an
image capture device, according to an exemplary
embodiment;
FIG. 7 is a flowchart showing a method of determin-
ing an illumination pattern based on pre-capture im-
age data, according to an exemplary embodiment;
FIG. 8 is a flowchart showing a method of determin-
ing an illumination pattern based on pre-capture light
meter data, according to an exemplary embodiment;
FIG. 9 is a flowchart showing a method of determin-
ing an illumination pattern based on colour informa-
tion, according to an exemplary embodiment;
FIG. 10 schematically illustrates the controller of FIG.
1; and
FIGS. 11A, 11B, 12A, and 12B illustrate images be-
fore and after an illumination pattern is applied there-
to, according to an exemplary embodiment.

[0032] Certain exemplary embodiments are described
in greater detail below with reference to the accompany-
ing drawings, wherein like reference numerals refer to
like elements throughout. In this regard, the exemplary
embodiments may have different forms and should not
be construed as being limited to the descriptions set forth
herein. Accordingly, the exemplary embodiments are
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merely described below, by referring to the figures, to
explain aspects of the present description. Sizes of ele-
ments in the drawings may be exaggerated for conven-
ience of explanation. In other words, since sizes and
thicknesses of components in the drawings are illustrated
for convenience of explanation, the following exemplary
embodiments are not limited thereto.
[0033] Referring now to FIG. 1, an image capture de-
vice according to an exemplary embodiment will be de-
scribed. In an exemplary embodiment, the image capture
device is included in a mobile communication device,
e.g., a smartphone. However, exemplary embodiments
are not limited thereto, and can be applied to image cap-
ture systems in any type of devices, including but not
limited to, stand-alone digital cameras, camcorders, we-
bcams, tablet computers, laptops and desktop comput-
ers, wearable cameras, surveillance cameras, and
speed cameras.
[0034] An image capture device 100 comprises an im-
age sensor 102, such as a charge coupled device (CCD)
or a complementary metal-oxide-semiconductor
(CMOS) sensor, configured to capture an image of a
scene 120, one or more lenses 104 configured to focus
light from the scene 120 onto the image sensor 102, an
illumination source 106 configured to illuminate the scene
120, and a light meter 108 configured to obtain informa-
tion about light levels within the scene 120. In an exem-
plary embodiment, the illumination source 106 comprises
a light emitting diode (LED) based flash, which can be
triggered immediately before capturing an image to pro-
vide additional illumination to the scene 120. However,
in another exemplary embodiment, a different type of il-
lumination sources such as a Xenon flash may be used.
[0035] Also, the image capture device 100 further com-
prises an adaptive optical element 110 controllable to
change an illumination in the scene 120 by the illumina-
tion source 106, and a controller 112. The controller 112
is configured to determine an illumination pattern of the
illumination in the scene 120, and to control the adaptive
optical element 110 to provide the illumination pattern
when an image is captured by the image sensor 102.
[0036] In an exemplary embodiment, the illumination
source 106 may include a plurality of discrete light emit-
ting elements, for example a plurality of LEDs. When a
plurality of discrete light emitting elements are used, each
light emitting element may be provided with a separate
adaptive optical element. Alternatively, some or all of the
light emitting elements may share the same adaptive op-
tical element, such that a given adaptive optical element
receives light from two or more the light emitting ele-
ments.
[0037] Various types of adaptive optical elements can
be used alone or in combination in exemplary embodi-
ments. The adaptive optical element may be configured
to have one or more variable optical properties, such as
reflectivity or a refractive index. Examples of adaptive
optical elements having variable optical properties in-
clude, but are not limited to, shape-controlled lenses,

such as liquid lenses and sound-controlled lenses, adap-
tive microlens arrays, and micromirror arrays. In a liquid
lens, the refractive index of the liquid can be electrically
tuned using the Kerr effect, to control the focal length of
the lens. Alternatively, the refractive index of the adaptive
optical element can be controlled by changing the die-
lectric permittivity or magnetic permeability of a material
included in the adaptive optical element, for example, by
applying an external electric field to the adaptive optical
element.
[0038] Instead of, or in addition to, an optical element
having variable optical properties, in some exemplary
embodiments, the adaptive optical element may include
one or more elements having fixed optical properties,
such as a fixed-focus lens configured to be mechanically
moveable from one position to another.
[0039] In more detail, the controller 112 is configured
to control the adaptive optical element 110 so that the
scene 120 may be properly exposed when illuminated
by the illumination source 106. The controller 112 may
determine a suitable illumination pattern for the scene
120 based on various types of information. In an exem-
plary embodiment, the controller 112 is configured to ob-
tain pre-capture data from the image sensor 102 and the
light meter 108. The pre-capture data provides informa-
tion relating to the scene 120 to be captured, and can be
used to determine the illumination pattern. In addition to,
or instead of, obtaining pre-capture data, the controller
112 may obtain information about a dynamic range of
the image sensor 102, and used the information about
the dynamic range in determining the illumination pattern.
[0040] In another exemplary embodiment, in addition
to or instead of obtaining pre-capture data, the controller
112 may obtain information about a dynamic range of
the image sensor 102 and/or thermal dark current and/or
noise associated therewith, and determine the illumina-
tion pattern based on the obtained information.
[0041] The illumination pattern can be defined in vari-
ous ways. In some exemplary embodiments, the illumi-
nation pattern can simply be expressed in terms of control
parameters which are used to control the adaptive optical
element. In other exemplary embodiments, the illumina-
tion pattern may be stored as an array of values that
define different illumination levels at different x-y coordi-
nates within the scene 120. Depending on the type of
adaptive optical element that is used, suitable control pa-
rameters for the adaptive optical element can be deter-
mined based on the illumination pattern.
[0042] The image data can be analysed using a fore-
ground separation algorithm, to separate a foreground
element 122 from a background 124. When the fore-
ground element 122 is identified, the controller 112 can
set different illumination levels for the foreground element
122 and the background 124 when determining the illu-
mination pattern. Normally, a higher illumination level
may be set for the background 124, to achieve an even
exposure across the scene 120. However, in some cas-
es, a higher illumination level may be set for the fore-
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ground element 122, for example, when the foreground
element 122 is darker in colour than the background 124,
and/or in shadow in comparison to the background 124.
[0043] Also, as described above, in an exemplary em-
bodiment, the controller 112 uses light meter data that is
received from the light meter 108. The light meter data
relates to light levels within the scene 120. Depending
on the type of light meter that is used, the light meter data
may be expressed as a single average value relating to
ambient light levels across the scene 120 as a whole, or
may include a plurality of values each associated with a
different area within the scene 120. When granular infor-
mation about light levels within the scene 120 is available,
the controller 112 can set a higher illumination level for
a darker area within the scene 120 and set a lower illu-
mination level for a lighter area within the scene 120 when
determining the illumination pattern. Here, the terms
’darker’ and ’lighter’ areas are used to refer to areas with
lower and higher Lux values (or illumination values), re-
spectively.
[0044] In addition to controlling the adaptive optical el-
ement 110, in some exemplary embodiments, the con-
troller 112 can also control the exposure time and/or the
exposure intensity of the illumination source 106 to
achieve the desired illumination pattern.
[0045] Although it is described that the light meter data
relating to light levels within the scene 120 is obtained
from a separate light meter 108 in an exemplary embod-
iment, the light meter data may not be used, or may be
captured by using the image sensor 102 in other exem-
plary embodiments. For example, the image sensor 102
can be used to pre-capture an image before capturing a
final image of the scene 120 illuminated by the flash. The
pre-capture image can be analysed to extract information
about light levels within the scene 120, which may be
expressed as lux values for individual pixels or groups
of pixels. By using the image sensor 102 to obtain the
light meter data, the separate light meter can be omitted,
and higher-resolution information about light levels within
the scene 120 can be obtained.
[0046] In an exemplary embodiment, the illumination
pattern is determined based on pre-capture data. In some
exemplary embodiments, the pre-capture data can in-
clude colour information relating to a plurality of elements
within the scene 120, in addition to or instead of the other
types of pre-capture data described above. When colour
information is available, the controller 112 can estimate
the amount of light from the illumination source 106 that
will be reflected by each element in the scene 120, and
set the illumination pattern accordingly. The controller
112 can set a higher illumination level can be set for an
element that is estimated to reflect less light from the
illumination source 106, and set a lower illumination level
for an element that is estimated to reflect more light from
the illumination source 106. For example, a predominate-
ly black object will reflect less light than a predominately
white object. To avoid a pale object appearing over-ex-
posed in the final image, a lower illumination level can

be used for the object. Similarly, a higher illumination
level can be used for a darker-coloured object, to avoid
the object appearing under-exposed. By using this ap-
proach, the level of reflected light reaching the image
sensor 102 when capturing the image may become sub-
stantially uniform across the scene 120.
[0047] In the exemplary embodiment shown in FIG. 1,
the adaptive optical element 110 and the controller 112
are included in the image capture device 100 together
with other elements of the image capture device 100,
including the image sensor 102 and the illumination
source 106. However, in other exemplary embodiments,
the adaptive optical element 110, the controller 112
and/or the illumination source 106 may be embodied in
a separate device from a device in which the image sen-
sor 102 is included. For example, the adaptive optical
element 110 and/or the controller 112 may be provided
in a separate device configured to be mechanically at-
tached to a related art smartphone device, and to com-
municate wirelessly with a camera controller in the smart-
phone. The illumination source 106 can be included in
the smartphone or in the separate device.
[0048] FIGS. 2A to 2C schematically illustrate different
illumination patterns obtained using a shape-controlled
lens as an adaptive optical element, according to an ex-
emplary embodiment. Various types of shape-controlled
lens are known in the art, such as liquid lenses and sound-
controlled lenses, and a detailed description will be omit-
ted to avoid obscuring the inventive concept. In FIG 2A,
the shape-controlled lens 210 is controlled to adopt a
plano-convex lens shape, to focus light emitted from an
illumination source 206 onto a scene 220. In FIG. 2B, the
shape-controlled lens 210 is controlled to adopt a neutral
lens shape, so that the path of light from the illumination
source 206 is unaffected by the shape-controlled lens
210. In FIG. 2C, the shape-controlled lens 210 is control-
led to adopt a plano-convex lens shape, to disperse light
emitted from the illumination source 206 widely over the
scene 220.
[0049] As described above, exemplary embodiments
are not limited to shape-controlled lenses as the adaptive
optical element. Other types of adaptive optical elements
are schematically illustrated in FIGS. 3 to 5. In FIG. 3, an
exemplary embodiment is illustrated in which an adaptive
optical element 310 comprises a micromirror array, sim-
ilar to a digital micromirror device (DMD) used in a digital
light processing (DLP) projector. The micromirror array
310 includes a plurality of independently controllable mi-
cromirrors which can be individually switched to reflect
light from an illumination source 306 towards or away
from a scene 320. In the exemplary embodiment shown
in FIG. 3 the micromirror array 310 is set to direct light
towards a periphery of the scene 320, but the micromirror
array 310 may be controlled to provide any other desired
illumination pattern.
[0050] In FIG. 4, an exemplary embodiment is illustrat-
ed in which an adaptive optical element 410 comprises
an adaptive microlens array disposed between an illumi-
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nation source 406 and a scene 420. The microlens array
410 includes an array of adaptive microlenses, which
may, for example, include miniature liquid lenses. The
shape of each lens can be independently controlled to
achieve a desired illumination pattern for the scene 420.
[0051] In FIG. 5, an exemplary embodiment is illustrat-
ed in which an adaptive optical element 510 comprises
a lens configured to be moveable into and out of an optical
path between an illumination source 506 and a scene
520. Although a single lens 510 is illustrated in the ex-
emplary embodiment of FIG. 5, a plurality of lens may be
provided in other exemplary embodiments. When a plu-
rality of moveable lenses are used, different combina-
tions of lenses may be moved into and out of the optical
path to achieve different illumination patterns.
[0052] Various different types of the adaptive optical
element have been described above with reference to
FIGS. 2A to 5. In exemplary embodiments, any of the
various types of the adaptive optical element may be
used alone or in combination with other types, to achieve
a desired illumination pattern.
[0053] Referring now to FIG. 6, a flowchart showing a
control method of an image capture device is illustrated,
according to an exemplary embodiment. The method il-
lustrated in FIG 6 can be performed by using the control-
ler 112 of FIG. 1 to achieve an even exposure across a
scene that is being imaged. Depending on an embodi-
ment, some or all of operations in FIG. 6 may be per-
formed by dedicated hardware such as an application-
specific integrated circuit (ASIC) or a field programmable
gate array (FPGA), or may be performed in software by
computer program instructions stored in a memory and
executed on one or more processors.
[0054] First, in operation S601, pre-capture data relat-
ing to the scene is obtained. The pre-capture data may
include various types of information, for example, light
meter data, image data, and/or colour data. In an exem-
plary embodiment, information about the dynamic range
of the image sensor may also be obtained in operation
S601.
[0055] Next, in operation S602, an illumination pattern
is determined for the scene. In an exemplary embodi-
ment, the illumination pattern is determined based on the
pre-capture data and dynamic range information ob-
tained in operation S601. However, as explained above,
in some embodiments, the pre-capture data and/or dy-
namic range information may be omitted, when, for ex-
ample, pre-programmed illumination patterns are stored
for different camera modes, in which case operation
S601 may be modified as appropriate or omitted entirely.
[0056] Then, in operation S603, the adaptive optical
element is controlled to provide the illumination pattern
when the image is captured by the image sensor. In some
embodiments, the adaptive optical element controller
may operate as a slave to a separate master controller
(or image sensor controller) which controls the operation
of the image sensor. For example, the image sensor con-
troller may signal to the adaptive optical element control-

ler when an image is about to be captured, at which point
the adaptive optical element may be switched to provide
the desired illumination pattern. The image sensor con-
troller may separately trigger the illumination source and
read image data from the image sensor as normal. How-
ever, in an exemplary embodiment, the controller 112
may also control the operation of the illumination source
in operation S604 and the image sensor in operation
S605. Specifically, in operation S604 the illumination
source is controlled to illuminate the scene, based on a
suitable exposure time and/or exposure intensity neces-
sary to provide the desired illumination pattern. In oper-
ation S605, image data is read from the image sensor
while the scene is being illuminated.
[0057] By adapting the illumination pattern according
to the content of a scene, using a method as shown in
FIG. 1, exemplary embodiments can achieve a more uni-
form exposure across the scene without the need for
post-processing on the image.
[0058] As explained above, various different types of
pre-capture data can be used when determining the illu-
mination pattern. A method of determining an illumination
pattern based on pre-capture image data will now be de-
scribed with reference to FIG. 7. First, in operation S701,
pre-capture data including image data is obtained. The
image data may be obtained using the image sensor, or
may be obtained using a separate dedicated sensor. For
example, the pre-capture image data may be obtained
using a separate low-resolution sensor.
[0059] Then, in operation S702, the image data is an-
alysed to identify a foreground element in the scene, and
in operation S703, the illumination pattern is determined
by setting different illumination levels for the foreground
element and for the background, as described above.
[0060] By using image data to separate the foreground
element from the background in the scene, the adaptive
optical element can be controlled to avoid over-exposing
the foreground, which is a problem when capturing im-
ages in low-light conditions using related art cameras
and flash systems. Also, by enabling the scene to be
properly exposed by the illumination source, exemplary
embodiments can avoid the need to switch to a higher
ISO setting in low-light conditions, which may introduce
more noise into the captured image. Accordingly, exem-
plary embodiments can provide higher-quality images
under low-light conditions.
[0061] A method of determining an illumination pattern
based on pre-capture light meter data will now be de-
scribed with reference to FIG. 8. First, in operation S801,
pre-capture data including light meter data is obtained.
As described above, the light meter data may be obtained
from the image sensor, or from a separate light meter
sensor. In an exemplary embodiment, the light meter da-
ta may include a plurality of values relating to ambient
light levels at different locations within the scene.
[0062] Then, in operation S802, the illumination pat-
tern is determined based on the light meter data, by set-
ting a higher illumination level for a darker area within
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the scene and setting a lower illumination level for a light-
er area within the scene. In this manner, a more uniform
exposure across the scene may be achieved when the
final image is captured.
[0063] A method of determining an illumination pattern
based on colour information will now be described with
reference to FIG. 9. First, in operation S901, pre-capture
data including colour information is obtained. The colour
information may be obtained using the same image sen-
sor that is used to capture the final image of the scene
when illuminated by the illumination source, or may be
obtained using a separate dedicated sensor. For exam-
ple, the colour information may be obtained using a sep-
arate low-resolution sensor.
[0064] Then, in operation S902, the image data is an-
alysed to determine the amount of light from the illumi-
nation source to be reflected by each one of a plurality
of elements in the scene. As explained above, objects
that are paler in colour reflect more light from the illumi-
nation source, and objects that are darker in colour reflect
less light. In operation S903 the illumination pattern is
determined by setting different illumination levels for the
elements according to the colour information for each
element, as described above.
[0065] By using colour information to determine an
amount of light from the illuminate source to be reflected
by each element in the scene, the adaptive optical ele-
ment can be controlled to avoid over-exposing lighter col-
oured objects and under-exposing darker coloured ob-
jects.
[0066] Referring now to FIG. 10, the controller 112 of
FIG. 1 is schematically illustrated. As shown in FIG. 10,
the controller 112 includes a foreground separator 112a,
an image processor 112b, and an illumination pattern
generator 112c. Depending on an embodiment, the fore-
ground separator 112a may be implemented using a soft-
ware algorithm, dedicated hardware, or a combination of
hardware and software. Various methods for separating
one or more foreground objects in an image from the
background are known in the art, and a detailed descrip-
tion will not be provided here.
[0067] The foreground separator 112a and image
processor 112b receive the pre-capture data, including
image data and light meter data, from the image sensor
102 and the light meter 108. The foreground separator
112a performs foreground separation based on the pre-
capture image data, and determines a relative size and
position of one or more foreground elements in the scene.
The image processor 112b uses the image data and the
light meter data to obtain information about light levels
in an x-y plane of the scene, foreground colour informa-
tion in the x-y plane, and light levels in the background.
The obtained information is passed to the illumination
pattern generator 112c, which retrieves dynamic range
information stored in a memory. The illumination pattern
generator 112c determines an illumination pattern by set-
ting illumination levels within the x-y plane of the scene
based on the information received from the foreground

separator 112a and the image processor 112b, taking
into account the dynamic range of the image sensor 102.
The illumination pattern generator 112c outputs control
signals to the adaptive optical element 110 and the illu-
mination source 106. Depending on an embodiment, the
control signals sent to the adaptive optical element 110
may include a command to change the shape of one or
more shape-controlled lenses, and/or a command to
switch an array of microlenses and/or micromirrors,
and/or a command to move one or more moveable lenses
into or out of the optical path of light. Also, depending on
an embodiment, the control signal signals sent to the
illumination source 106 may include a command to set
the exposure time and/or a command to set the exposure
intensity.
[0068] A system as shown in FIG. 10 can be used to
perform any of the above-described methods, to provide
more uniform illumination levels when a scene is illumi-
nated by the illumination source.
[0069] FIGS. 11A, 11B, 12A, and 12B illustrate images
before and after an illumination pattern is applied thereto,
according to an exemplary embodiment.
[0070] FIGS. 11A and 12A illustrate images captured
in a scene which is not provided with an appropriate
amount of light. As illustrated in FIGS. 11A and 12A, the
scene can be separated into a foreground element in-
cluding a face and an upper body of a subject and a
background showing an environment in which the subject
is located. When capturing an image of the subject, the
amount of light may not be properly adjusted (e.g., the
face portion may be over-exposed by a large amount of
light) so that a pale image of the foreground element (e.g.,
the face) is obtained. In this case, there may be a need
for additional processing, such as post-processing, to ap-
propriately adjust the brightness of the foreground ele-
ment.
[0071] FIGS. 11B and 12B illustrate images captured
by using the adaptive optical element and the controller,
according to an exemplary embodiment. The controller
can determine a uniform illumination pattern for the face
corresponding to the foreground element and the back-
ground such that an appropriate amount of light is pro-
vided to the face of the subject.
[0072] The controller may pre-capture the image be-
fore capturing the image and obtain pre-capture data
based on the pre-captured image, to determine the illu-
mination pattern. The pre-capture data may include data
related to illumination levels within the scene. Thus, the
controller may determine the illumination pattern of the
scene based on the pre-capture data. For example, the
controller may set a lower illumination level for a section
(e.g., the face of the subject) corresponding to the fore-
ground element which is determined as a lighter area
and set a higher illumination level for a section corre-
sponding to the background which is determined as a
darker area. Then, a device such as a camera captures
the image of the subject based on the determined illumi-
nation pattern, thereby obtaining the images having uni-
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form brightness, as illustrated in FIGS. 11B and 12B.
[0073] Exemplary embodiments have been described
in which an illumination pattern is determined based on
pre-capture data, for example, data received from a light
meter sensor and/or a camera image sensor. However,
in other exemplary embodiments, pre-capture data may
not be used, and another approach to determine a suit-
able illuminate pattern may be used. In some embodi-
ments, the image capture device may store various pre-
defined illumination patterns each associated with a dif-
ferent camera mode. For example, when a ’portrait’ mode
is selected, it may be assumed that a foreground object
is located approximately centrally in the scene. Accord-
ingly, a predefined illumination pattern can be used in
which a lower illumination level is set for a central region,
and a higher illumination level is set for a peripheral re-
gion.
[0074] While certain exemplary embodiments have
been described herein with reference to the drawings, it
will be understood that many variations and modifications
will be possible without departing from the scope of the
invention as defined in the accompanying claims.

Claims

1. An apparatus for illuminating a scene to be captured,
the apparatus comprising:

an illumination source configured to illuminate
the scene;
an adaptive optical element configured to be
controlled to change an illumination in the scene
by the illumination source; and
a controller configured to determine an illumina-
tion pattern corresponding to the scene, and
configured to control the adaptive optical ele-
ment to change the illumination in the scene by
the illumination source based on the determined
illumination pattern.

2. The apparatus of claim 1, wherein the controller is
further configured to obtain pre-capture data related
to the scene, and configured to determine the illumi-
nation pattern based on the pre-capture data.

3. The apparatus of claim 2, wherein the pre-capture
data comprises data related to illumination levels of
areas within the scene, and the controller is further
configured to determine the illumination pattern in
which a higher illumination level is set for an area
having a lower illumination level within the scene and
a lower illumination level is set for an area having a
higher illumination level within the scene.

4. The apparatus of claim 3, wherein the controller is
further configured to obtain the data related to illu-
mination levels from an image sensor that is config-

ured to capture an image of the scene.

5. The apparatus of claim 2, wherein the pre-capture
data comprises colour information related to a plu-
rality of elements within the scene, and the controller
is further configured to determine the illumination
pattern in which a higher illumination level is set for
a first element, which is determined to reflect less
light from the illumination source based on color in-
formation of the first element, and a lower illumina-
tion level is for a second element, which is deter-
mined to reflect more light from the illumination
source based on color information of the second el-
ement.

6. The apparatus of claim 2, wherein the pre-capture
data comprises image data captured from the scene
using an image sensor that is configured to capture
an image of the scene, and the apparatus further
comprises:

a foreground separator configured to separate
a foreground element and a background in the
scene based on the image data,
wherein the controller is configured to determine
the illumination pattern in which an illumination
level set for the foreground element is different
from an illumination level set for the background.

7. The apparatus of any one of the preceding claims,
wherein the adaptive optical element is further con-
figured to have an optical property comprising at
least one of a refractive index and reflectivity.

8. The apparatus of any one of the preceding claims,
wherein the controller is further configured to control
at least one of an exposure time and an exposure
intensity of the illumination source.

9. The apparatus of any one of the preceding claims,
wherein the controller is further configured to obtain
information about a dynamic range of an image sen-
sor that is configured to capture an image of the
scene, and configured to determine the illumination
pattern based on the dynamic range of the image
sensor.

10. The apparatus of any one of the preceding claims,
wherein the adaptive optical element comprises at
least one of an adaptive microlens array and a shape
controlled lens.

11. The apparatus of any one of the preceding claims,
wherein the adaptive optical element comprises one
or more lenses configured to be moveable in a for-
ward or rear direction on an optical path of light be-
tween the illumination source and the scene.
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12. The apparatus of any one of the preceding claims,
wherein the illumination source comprises a plurality
of light emitting elements.

13. The apparatus of any one of the preceding claims,
wherein the controller is configured to separate a
foreground element and a background within the
scene based on an illumination level within the
scene.

14. A control method of an apparatus for illuminating a
scene to be captured, the apparatus comprising an
illumination source configured to illuminate the
scene and an adaptive optical element configured
to be controlled to change an illumination in the
scene by the illumination source, the control method
comprising:

determining an illumination pattern correspond-
ing to the scene; and
controlling the adaptive optical element to
change the illumination in the scene by the illu-
mination source based on the determined illu-
mination pattern.

15. The control method of claim 14, further comprising:

obtaining pre-capture data related to the scene,
wherein the determining comprises determining
the illumination pattern based on the pre-cap-
ture data.
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