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(54) Local dimming boost up using depth map

(57) Present invention discloses a local dimming
boost up method and system for liquid crystal displays
comprising extracting a depth map of an image which is
displayed on the display; calculating a histogram of said
depth map for each locally controllable backlight regions

of said display and adjusting backlight driving values of
said backlight regions in accordance with said calculated
histogram. Using the method and system of the present
invention, a true image perception is obtained in displays
with local dimming capability.
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Description

Related Technical Field

[0001] The present invention relates to a system and
method for dimming backlights of LCDs (liquid crystal
displays) using depth map.

Prior Art

[0002] With the help of recent developments in semi-
conductor technologies, it has become possible to use
LED (Light Emitting Diode) backlights in LCDs (Liquid
Crystal Displays). LED backlights enable much better
contrast ratios, since multiple LEDs or LED regions are
arranged to have locally controllable backlights.
[0003] The contrast improvement arises from the tech-
nique of "local dimming". Local dimming comprises dim-
ming or boosting backlights in accordance with intensity
histogram of the displayed image. The backlights corre-
sponding to dark regions of the image are dimmed as to
make these regions darker, and backlights of bright re-
gions are boosted to make brighter. Hence the overall
contrast is increased, improving the image quality signif-
icantly.
[0004] The common technique for obtaining backlight
dimming values is to use histogram of intensities of the
regions of image. A histogram is created based on the
intensities, that is; brightness or darkness of the regions
of the image. The created histogram is analyzed and dim-
ming values are obtained by weighing nominal LED driv-
ing values with histogram values and determining boost-
ed or dimmed LED driving values.
[0005] Related to the known local dimming techniques
known from the prior art, the patent document US
2009/0278867 A1 discloses a method in which a gamut
mapping is utilized to control and normalize dimming val-
ues of a display. Within the method of the document, time
continuity and smooth light transition is determined. It is
obvious that the method is merely based on the colouring
or intensity of the image. Another patent document WO
2009/057723 A1 discloses a backlight control method in
which the backlight level is adjusted by extracting a tone
map of an image and identifying mostly used colour code
in each region of the image. Stated method is also based
on colouring or intensity of the image and lacks determi-
nation of a true perception.
[0006] However, intensity based dimming may lead to
image quality degradation since human perception does
not merely depend on brightness. Since a 3D perception
is always created by human brain, perspective is also
important for a perceived image. For human vision sys-
tem, a bigger and/or a closer object always draws atten-
tion independent from its colour. For an image that is
displayed on a locally dimmed display, an image darker
but closer to the view of camera may appear on the
screen. Although the object draws attention of the viewer,
since the region on which the object appeared is dark-

ened by dimming system of the display, the perceived
image creates disturbance because of inadequate per-
ception.
[0007] Regarding the problems of the prior art, a sys-
tem and method for local dimming boost up for LCDs
should be realized.

Brief Description of the Invention

[0008] Present invention discloses a local dimming
boost up method for liquid crystal displays which com-
prises extracting a depth map of an image which is dis-
played on the display; calculating a histogram of said
depth map for each locally controllable backlight regions
of said display and adjusting backlight driving values of
said backlight regions in accordance with said calculated
histogram. The invention also discloses system of local
dimming boost up which uses the stated method.
[0009] The method and system of the present inven-
tion utilizes depth map, which gives true information
about the significance levels of the objects on an image
in terms of human perception, to obtain a far better and
true image perception on the displays with the local dim-
ming capability. The system and method enables elimi-
nation of misperceptions of image due to different signif-
icance levels of intensity and perspective position of the
objects on the image.

Object of the Invention

[0010] The object of the invention to provide a system
and method for local dimming boost up for liquid crystal
displays (LCDs).
[0011] Another object of the invention is to provide a
system and method for local dimming boost up for LCDs,
using depth map of a displayed image.
[0012] Another object of the invention is to provide a
system and method for local dimming boost up for LCDs,
which create a depth map using linear mapping.
[0013] Another object of the invention is to provide a
system and method for local dimming boost up for LCDs,
which boosts up led driving values using a weighing pa-
rameter.
[0014] Another object of the invention is to provide a
system and method for local dimming boost up for LCDs,
which limits the boost up value.
[0015] Another object of the invention is to provide a
system and method for local dimming boost up for LCDs,
which limits the boost up value in accordance with max-
imum led driving value.

Brief Description of the Drawings

[0016]

Figure 1 shows an image with three objects having
different depths.
Figure 2 shows led driving values of display on which
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the image on figure 1 is shown.
Figure 3 shows led driving values boosted up using
depth map of the image given in figure 1.
Figure 4 a block diagram of the method of the
present invention.
Figure 5 a graph of a linear weighing function based
on intensity values.
Figure 6 a graph of a limiting function for boost up
values.

[0017] The reference numbers as used in figures may
possess the following meanings;

Detailed Description of the Invention

[0018] Present invention comprises a system and
method for local dimming boost up of backlight for LCDs
(Liquid Crystal Displays).
[0019] Recent LCDs use LEDs (Light Emitting Diodes)
as backlight element. LED backlights can be positioned
either behind the LCD panel or along the edges of the
panel. LED backlight occupies much smaller area than
conventional fluorescent backlights and therefore it is
possible to use many LEDs as backlight for LCDs.
[0020] Since LCD comprises a plurality of LEDs for
backlight, the LEDs can be controlled independently or
in groups, illuminating a certain region of the LCD. Usage
of LEDs in LCDs also enables utilization of backlight for
enhancement of the image. The most widely used meth-
od for LED backlights is enhancement of image contrast
by dimming or boosting LED driving values to alter LED
light intensity. The stated method extracts image inten-
sities of an image that is currently displayed on the LCD.
An intensity histogram is created by using said intensi-
ties. Then LED driving values are adjusted in accordance
with created histogram. Within the used method, the
LEDs illuminating a region on which a dark region of the
image is displayed are dimmed as to create a darker
perception. Also the LEDs illuminating a region on which
a bright region of the image is displayed are boosted as
to create a brighter perception. Consequently, a better
quality vision is created having an improved contrast ra-

Image (1)
First object (1a)
Second object (1b)
Third object (1c)
Intensity based backlight dimming (2)
Depth map extraction (3)
Histogram analysis (4)
Boost up region classification (5)
Threshold (6a)
First maximum led driving value (6b)
Second maximum led driving value (6c)
First boost up limit (6d)
Second boost up limit (6e)

tio.
[0021] Darker regions of an image are less noticeable
than brighter regions of the image in the dimming meth-
ods known from the state of the art. However, the human
visual perception does not merely depend on colour and
brightness of the image. An important aspect of human
visual perception is position and size of an object in re-
lation to the point of view. As an object is either closer to
the viewing point or is bigger than surrounding objects,
it draws attention due to human visual perception system.
[0022] Since the colour and/or brightness of an object
are independent from its position and size, it is not pos-
sible to obtain a true image perception via intensity based
dimming or boosting. The present invention offers a
method and system as a solution to stated problem.
[0023] Present invention comprises a method of local
dimming boost up for liquid crystal displays comprising
the steps of;

- Extracting a depth map of an image which is dis-
played on the display

- Calculating a histogram of said depth map for each
locally controllable backlight regions of said display

- Adjusting backlight driving values of said backlight
regions in accordance with said calculated histo-
gram.

[0024] The method of said invention adjusts the dim-
ming values in accordance with depth map of the image.
Hence the perceived image is enhanced in proportion to
the position and/or size of the objects in the image.
[0025] An exemplary image (1) on which the method
is applicable is given in figure 1. The image (1) comprises
three objects (1a, 1b, 1c). Here the first object (1a) has
the most significance and the third object (1 c) has the
least significance. The first object (1 a) may have a dark
colour with apparent boundaries.
[0026] The LED driving values corresponding to said
objects (1a, 1b, 1c) and nearby regions are given in figure
2. The maximum driving value in this embodiment is 128.
The value corresponding to the region of the first object
(1a) is 64, which is a medium driving level. Although the
third object (1c) is much less significant than the first ob-
ject (1a), the driving value corresponding to region of
third object (1 c) is 50, which is close to that of first object
(1a). Therefore, an emphasis on the first object is not
determined with the stated driving values.
[0027] Figure 3 shows backlight driving values for the
same image (1) which are adjusted by the method of the
present invention. Since the significance of the first object
(1a) is higher, this significance appears on the depth map
of the said image. Hence, the driving level of the regions
corresponding to the first object (1a) is boosted to em-
phasis said object. Since other objects (1b, 1c) also have
significance with respect to surrounding environment,
driving levels of regions corresponding to these objects
(1b, 1c) are also boosted. However, the boost levels are
consistent with the significance of the objects (1 a, 1 b,
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1 c). Hence while the driving values for the first object
(1a) is boosted from 64 to 82, the driving values for the
third object (1c) is boosted from 40 to 52.
[0028] Figure 4 shows the block diagram of the method
in an embodiment of the present invention. An input im-
age can first be processed to have an intensity based
backlight dimming (2) as known from the prior art. Mean-
while, a depth map of the image is extracted (3). The
histogram of the extracted depth map is then analyzed
(4) to determine boost up values. Then the intensity
based backlight dimming is evaluated with the histogram
of the depth map and boost up region classifications are
made (5) to determine final backlight driving values.
[0029] In an embodiment of the invention, said adjust-
ing backlight driving values of said backlight is done by
weighing said histogram of depth map with a histogram
of intensity map of said image using a weighing param-
eter. Since local dimming techniques known from the
state of the art usually employ image intensity, it is pref-
erable to use a weighing equation to obtain a true adjust-
ment by utilizing image intensity in boost up technique.
[0030] Preferably, the weighing parameter is further
adjusted in relation to intensity of the image. A graph of
an exemplary weighting parameter function in relation to
intensity is given in figure 5, wherein minimum weighing
parameter is 1 and K denotes maximum weighing pa-
rameter. Since a static weighting parameter results in
limited boost up, a non linear boost level can be obtained
by adjusting weighting parameter. Consequently, as a
region of the image gets brighter, the effect of depth map
based boost up is increased to preserve true image per-
ception.
[0031] In an another embodiment of the invention said
adjustment of backlight driving values is limited in ac-
cordance with maximum backlight driving value of the
display. To preserve the true image perception, it is im-
portant not to boost up a region on which a darker portion
of the image is shown up to a point that the region be-
comes brighter than a brighter region of the image. A
common practice in this method can be limiting the boost
up value at a maximum value which is half of the maxi-
mum backlight driving value of the display, as it is shown
on the figure 6. In the given graph in figure 6, a first boost
up limit (6d) is set to 64 while a first maximum backlight
driving value (6b) is 128. While a second maximum back-
light driving value (6c) is 255, a second boost up limit
(6e) is set to 128. A threshold (6a) can be defined so that
a boost up can be inhibited when the maximum backlight
driving value is lower than the defined threshold (6a).
The inhibition of boost up prevents a bright disturbing
region on a dark scene shown on the display.
[0032] Present invention further comprises a system
for local dimming boost up using depth map. The system
comprises;

- Means for extracting a depth map of an image which
is displayed on the display

- Means for calculating a histogram of said depth map

for each locally controllable backlight regions of said
display

- Means for adjusting backlight driving values of said
backlight regions in accordance with said calculated
histogram.

[0033] Preferably the system of present invention fur-
ther comprises means for weighing said histogram of
depth map with a histogram of intensity map of said image
using a weighing parameter.
[0034] Within the method and system of the present
invention, the local dimming is further adjusted to create
a better true image perception based on the image depth
and significance.

Claims

1. A local dimming boost up method for liquid crystal
displays characterized in that the method compris-
es the steps of;

- Extracting a depth map of an image which is
displayed on the display;
- Calculating a histogram of said depth map for
each locally controllable backlight regions of
said display;
- Adjusting backlight driving values of said back-
light regions in accordance with said calculated
histogram.

2. A local dimming boost up method according to claim
1 characterized in that said adjusting backlight driv-
ing values of said backlight regions further comprises
weighing said histogram of depth map with a histo-
gram of intensity of said image using a weighing pa-
rameter.

3. A local dimming boost up method according to claim
2 characterized in that said weighing parameter is
adjusted in relation to said intensity map of the im-
age.

4. A local dimming boost up method according to claim
2 characterized in that said adjusting backlight driv-
ing values of said backlight regions comprises limit-
ing backlight driving values in accordance with max-
imum backlight driving value of the display.

5. A local dimming boost up method according to claim
4 characterized in that said limiting comprises de-
fining a threshold and inhibiting boost up when a
maximum backlight driving value of the display is
lower than said threshold.

6. A local dimming boost up system for liquid crystal
displays characterized in that the system compris-
es;
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- Means for extracting a depth map of an image
which is displayed on the display
- Means for calculating a histogram of said depth
map for each locally controllable backlight re-
gions of said display
- Means for adjusting backlight driving values of
said backlight regions in accordance with said
calculated histogram.

7. A local dimming boost up system according to claim
6 characterized in that the system further compris-
es means for weighing said histogram of depth map
with a histogram of intensity map of said image using
a weighing parameter.
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