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Description

Title of Invention: DISPLAY DEVICE AND METHOD OF CON¬

TROLLING THE SAME

Technical Field
[1] Embodiments relate to a liquid crystal display with a heat generation unit to preheat a

liquid crystal display panel and a driving method thereof.

Background Art
[2] In general, a luminance of the actual world is known to have a dynamic range of

100,000,000:1. Also, a contrast range that can be distinguished by a human's eyes, that

is, a dynamic range of a human's eyes, is known to be about 1,000:1 to 10,000:1. A

dynamic range of cameras according to the newest technology is known to be about

10,000:1.

[3] On the other hand, a liquid crystal display panel, a plasma display panel, an organic

light emitting diode panel, and the like widely used as display devices have a dynamic

range of about 100:1 to 1000:1.

[4] That is, a dynamic range of images that can be output from display devices is

narrower than a dynamic range that can be distinguished by a human's eyes and a

dynamic range that can be detected by a camera or the like.

[5] In this manner, an image having a dynamic range greater than a dynamic range of an

image that can be output from a general display device is called a high dynamic range

(HDR) image. In contrast to the high dynamic range image, an image having a

dynamic range equal to or less than a dynamic range of an image that can be output

from a general display device is called a low dynamic range (LDR) image.

[6] When the high dynamic range image is input from such an image source, the display

device performs an operation of converting the high dynamic range image into a dis-

playable dynamic range. Such an operation is called "tone mapping."

[7] Tone mapping methods in the related art include a method in which an entire

dynamic range is compressed and the high dynamic range image is converted into the

low dynamic range image, a method in which the high dynamic range image is directly

displayed on a display device having a low dynamic range and the like.

[8] However, according to the method in which the entire dynamic range of the high

dynamic range image is compressed, there is a problem in that brightness of the image

output from the display device significantly decreases compared to an original image.

[9] Also, according to the method in which the high dynamic range image is directly

displayed on the display device having a low dynamic range, there is a problem in that

an image of a luminance, which is unable to be displayed on the display device, is not



displayed.

Disclosure of Invention

Technical Problem
Therefore, it is an aspect of the present disclosure to provide a display device and a

method of controlling the same through which an image displayed on a display device

can maintain brightness of an original image without change, and image information

included in a high luminance region can be displayed.

Solution to Problem
According to an aspect of the disclosed embodiments, there is provided a display

device, including: a content receiving unit configured to receive a high dynamic range

image and luminance information of the high dynamic range image; an image

processing unit configured to perform tone mapping based on the luminance in

formation such that the high dynamic range image is converted into a low dynamic

range image; and a display unit configured to display the low dynamic image, wherein

the luminance information includes a maximum luminance value and a minimum

luminance value of the high dynamic range image.

The luminance information may include a maximum luminance value and a

minimum luminance value of the high dynamic range image included in a scene.

The luminance information may include a maximum luminance value and a

minimum luminance value of the high dynamic range image forming a frame.

The luminance information may include a maximum luminance value and a

minimum luminance value of the high dynamic range image included in entire content.

The image processing unit may detect a first region whose luminance value is equal

to or greater than a reference luminance value within the high dynamic range image,

and perform tone mapping on an image of the first region based on feature information

of the image of the first region; and the feature information may include at least one of

edge information, texture information and gradation information of the high dynamic

range image.

The image processing unit may detect an edge region within the image of the first

region and generate a first mapping function based on a histogram of pixels included in

the edge region.

The first mapping function may have a gradient that is changed according to the

number of pixels included in the edge region.

In the first mapping function, a gradient of luminance values at which the number of

pixels included in the edge region is great may be greater than a gradient of luminance

values at which the number of pixels included in the edge region is small.

The first mapping function may be a cumulative histogram obtained by integrating a



histogram of pixels included in the edge region.

[20] The image processing unit may detect a texture region within the image of the first

region and generate a first mapping function based on a histogram of pixels included in

the texture region.

[21] The image processing unit may detect a gradation region within the image of the first

region and generate a first mapping function based on a histogram of pixels included in

the gradation region.

[22] The image processing unit may generate a second mapping function based on a

luminance value of the high dynamic range image.

[23] The image processing unit may perform second tone mapping according to the

second mapping function on the high dynamic range image, and perform first tone

mapping according to the first mapping function on the image on which the second

tone mapping is performed.

[24] The image processing unit may generate a second mapping function based on a

luminance value of a second region whose luminance value is less than the reference

luminance value within the high dynamic range image.

[25] The image processing unit may generate a tone mapping function based on the first

mapping function and the second mapping function, and convert the high dynamic

range image into the low dynamic range image according to the tone mapping

function. The image processing unit may perform linear tone mapping on a first pixel

whose luminance value is less than a reference luminance value among a plurality of

pixels included in the high dynamic range image, and perform nonlinear tone mapping

on a second pixel whose luminance value is equal to or greater than the reference

luminance value among the plurality of pixels.

[26] When a scene average luminance value of the high dynamic range image included in

a scene is less than a reference luminance value, the image processing unit may

perform linear tone mapping on a first pixel whose luminance value is less than the

reference luminance value among a plurality of pixels included in the high dynamic

range image and perform nonlinear tone mapping on a second pixel whose luminance

value is equal to or greater than the reference luminance value among the plurality of

pixels.

[27] When a scene average luminance value of the high dynamic range image included in

a scene is equal to or greater than a reference luminance value, the image processing

unit may perform linear tone mapping on a first pixel whose luminance value is less

than the scene average luminance value among a plurality of pixels included in the

high dynamic range image and perform nonlinear tone mapping on a second pixel

whose luminance value is equal to or greater than the scene average luminance value

among the plurality of pixels.



[28] According to another aspect of the disclosed embodiments, there is provided a

method of controlling a display device, including: receiving a high dynamic range

image and luminance information of the high dynamic range image; performing tone

mapping based on the luminance information such that the high dynamic range image

is converted into a low dynamic range image; and displaying the low dynamic image,

wherein the luminance information includes a maximum luminance value and a

minimum luminance value of the high dynamic range image.

[29] The luminance information may include a maximum luminance value and a

minimum luminance value of the high dynamic range image included in a scene.

[30] The luminance information may include a maximum luminance value and a

minimum luminance value of the high dynamic range image forming a frame.

[31] The luminance information may include a maximum luminance value and a

minimum luminance value of the high dynamic range image included in entire content.

[32] The performing of the tone mapping may include: detecting a first region whose

luminance value is equal to or greater than a reference luminance value within the high

dynamic range image, generating a tone mapping function based on feature in

formation of an image of the first region; and performing tone mapping on the high

dynamic range image according to the tone mapping function in order to convert the

high dynamic range image into the low dynamic image. The feature information may

include at least one of edge information, texture information and gradation information

of the high dynamic range image.

[33] According to an aspect of the disclosed embodiments, there are provided a display

device and a method of controlling the same through which different tone mapping

functions are used for a high luminance region and a low luminance region, and thus

an image displayed on a display device can maintain brightness of an original image,

and image information included in a high luminance region can be displayed.

[34] According to another aspect of the disclosed embodiments, there is provided a

method of controlling a display device, including determining a first region of an

image having a luminance higher than a second region of the image, determining first

and second mapping functions corresponding to the first and second regions, where the

first mapping function enhances one or more image features and the second mapping

function increases brightness, and mapping the image using the first and second

mapping functions responsive to luminance to preserve brightness of the image of the

second region and preserve feature information of the image of the first region.

Advantageous Effects of Invention
[35] There are provided a display device and a method of controlling the same through

which an image displayed on a display device can maintain brightness of an original



image without change, and image information included in a high luminance region can

be displayed.

Brief Description of Drawings
[36] These and/or other aspects of the embodiments will become apparent and more

readily appreciated from the following description of the embodiments, taken in con

junction with the accompanying drawings of which:

[37] FIG. 1 illustrates an exterior of a display device according to an embodiment;

[38] FIG. 2 illustrates a control configuration of a display device according to an em

bodiment;

[39] FIG. 3 illustrates an exemplary image processing unit included in a display device

according to an embodiment;

[40] FIG. 4 illustrates an exemplary operation of linearizing image data by an image

processing unit included in a display device according to an embodiment;

[41] FIG. 5 illustrates an exemplary original image;

[42] FIG. 6 illustrates a luminance histogram of the original image illustrated in FIG. 5;

[43] FIG. 7 illustrates an example in which the original image illustrated in FIG. 5 is p ar

titioned according to a luminance value of a pixel;

[44] FIG. 8 illustrates an exemplary image obtained by partitioning the original image i l

lustrated in FIG. 5 according to a luminance value;

[45] FIG. 9 illustrates another exemplary image obtained by partitioning the original

image illustrated in FIG. 5 according to a luminance value;

[46] FIG. 10 illustrates an example in which the image processing unit illustrated in FIG.

3 extracts a feature point from a first region;

[47] FIG. 11 illustrates an example in which the image processing unit illustrated in FIG.

3 generates a first mapping function based on a feature point of a first region;

[48] FIG. 12 illustrates another example in which the image processing unit illustrated in

FIG. 3 generates a first mapping function according to a feature point of a first region;

[49] FIG. 13 illustrates an example in which the image processing unit illustrated in FIG.

3 generates a second mapping function based on an image of a second region;

[50] FIG. 14 illustrates an exemplary tone mapping function generated by the image

processing unit illustrated in FIG. 3;

[51] FIG. 15 illustrates a result obtained when a display device of the related art performs

tone mapping on a high dynamic image;

[52] FIG. 16 illustrates a result obtained when a display device according to an em

bodiment performs tone mapping on a high dynamic image;

[53] FIG. 17 illustrates an exemplary high dynamic range image display operation of a

display device according to an embodiment;



[54] FIG. 18 illustrates another exemplary image processing unit included in a display

device according to an embodiment;
[55] FIGS. 19 and 20 illustrate an example in which the image processing unit illustrated

in FIG. 18 generates a tone mapping function;

[56] FIG. 2 1 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment;

[57] FIG. 22 illustrates another exemplary image processing unit included in a display

device according to an embodiment;

[58] FIG. 23 illustrates an example in which the image processing unit illustrated in FIG.

22 performs tone mapping on an image of a first region;

[59] FIG. 24 illustrates an example in which the image processing unit illustrated in FIG.

22 performs tone mapping on an image of a second region;

[60] FIG. 25 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment;

[61] FIG. 26 illustrates another exemplary image processing unit included in a display

device according to an embodiment;

[62] FIG. 27 illustrates a third mapping function generated by the image processing unit

illustrated in FIG. 26;

[63] FIG. 28 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment;

[64] FIG. 29 illustrates another exemplary image processing unit included in a display

device according to an embodiment;

[65] FIGS. 30 and 3 1 illustrate a fourth mapping function generated by the image

processing unit illustrated in FIG. 29; and

[66] FIG. 32 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment.

Best Mode for Carrying out the Invention
[67] Reference will now be made in detail to the embodiments, examples of which are i l

lustrated in the accompanying drawings, wherein like reference numerals refer to the

like elements throughout. The embodiments are described below by referring to the

figures.

[68] Embodiments described in this specification and configurations illustrated in

drawings are only exemplary examples of the disclosed embodiments. The em

bodiments cover various modifications that can substitute for the embodiments herein

and drawings at the time of filing of this application.

[69] Hereinafter, an embodiment will be described in detail with reference to the ac

companying drawings.



[70] FIG. 1 illustrates an exterior of a display device according to an embodiment. FIG. 2

illustrates a control configuration of a display device according to an embodiment.

[71] A display device 100 is a device that may process an image signal received from the

outside and visually display the processed image. Hereinafter, a case in which the

display device 100 is a television (TV) will be exemplified, but the present em

bodiment is not limited thereto. For example, the display device 100 may be im

plemented in various types such as a monitor, a mobile multimedia device or a mobile

communication device. A type of the display device 100 is not limited as long as a

device visually displays an image.

[72] As illustrated in FIGS. 1 and 2, the display device 100 includes a main body 101 that

forms an exterior of the display device 100 and accommodates various components of

the display device 100.

[73] A stand 102 supporting the main body 101 may be provided below the main body

101. The main body 101 may be stably disposed on a plane by the stand 102. However,

the present embodiment is not limited thereto, but the main body 101 may be installed

on a vertical surface such as a wall surface by a bracket or the like.

[74] A button group 121 configured to receive a user control command from the user and

a display panel 143 configured to display an image according to the user control

command may be provided in the front of the main body 101.

[75] Also, various components configured to implement functions of the display device

100 may be provided in the main body 101. A control configuration illustrated in FIG.

2 may be provided in the main body 101.

[76] Specifically, the display device 100 includes an input unit 120 configured to receive

the user control command from the user, a content receiving unit 130 configured to

receive content including an image and a sound from an external device, an image

processing unit 200 configured to process image data included in the content, a display

unit 140 configured to display an image corresponding to the image data included in

the content, a sound output unit 150 configured to output a sound corresponding to

sound data included in the content and a main control unit 110 configured to overall

control operations of the display device 100.

[77] The input unit 120 may include the button group 121 configured to receive various

user control commands from the user. For example, the button group 121 may include

a volume button for regulating a magnitude of a sound output from the sound output

unit 150, a channel button for changing a communication channel through which the

content receiving unit 130 receives content, a power button for turning power of the

display device 100 on or off and the like.

[78] Various buttons included in the button group 121 may use a push switch configured

to detect the user pressing, a membrane switch or a touch switch configured to detect



contact of a part of the user's body. However, the present embodiment is not limited

thereto, but the button group 121 may use various input methods that can output an

electrical signal corresponding to a specific operation of the user.

[79] Also, the input unit 120 may include a remote controller that receives the user control

command from the user remotely and transmits the received user control command to

the display device 100.

[80] The content receiving unit 130 may receive various pieces of content from various

external devices.

[81] For example, the content receiving unit 130 may receive content from an antenna

configured to wirelessly receive a broadcasting signal, a set-top box configured to

receive a broadcasting signal in a wired or wireless manner and appropriately convert

the received broadcasting signal, a multimedia playback device (for example, a DVD

player, a CD player or a blu-ray player) configured to play content stored in a

multimedia storage medium and the like.

[82] Specifically, the content receiving unit 130 may include a plurality of connectors 131

connected to the external device, a receiving path selecting unit 133 configured to

select a path through which content is received from among the plurality of connectors

131, a tuner 135 configured to select a channel (or a frequency) through which a

broadcasting signal is received when the broadcasting signal is received and the like.

[83] The connector 131 may include a coaxial cable connector (an RF coaxial cable

connector) configured to receive a broadcasting signal including content from the

antenna, a high definition multimedia interface (HDMI) connector configured to

receive content from the set-top box or the multimedia playback device, a component

video connector, a composite video connector, a D-sub connector and the like.

[84] The receiving path selecting unit 133 selects a connector through which content is

received from among the plurality of connectors 131 described above. For example,

the receiving path selecting unit 133 may automatically select the connector 131

through which content has been received or manually select the connector 131 through

which content will be received according to the user control command of the user.

[85] The tuner 135 extracts a transmission signal of a specific frequency (channel) from

various signals that are received through the antenna and the like when the

broadcasting signal is received. In other words, the tuner 135 may select a channel (or

a frequency) through which content is received according to a channel selecting

command of the user.

[86] The image processing unit 200 processes image content in the content received by

the content receiving unit 130 and provides the processed image data to the display

unit 140.

[87] The image processing unit 200 may be a computer and may include a graphic



processor 201 and a graphic memory 203.

[88] The graphic memory 203 may store an image processing program for image

processing and image processing data, or temporarily store image data output from the

graphic processor 201 or image data received from the content receiving unit 130.

[89] The graphic memory 203 may include a volatile memory such as an SRAM or a

DRAM and a non- volatile memory such as a flash memory, a read only memory

(ROM), an erasable programmable read only memory (EPROM) or an electrically

erasable programmable read only memory (EEPROM).

[90] For example, the non- volatile memory may semi permanently store the image

processing program for image processing and the image processing data. The volatile

memory may temporarily store the image processing program and the image

processing data loaded from the non-volatile memory, the image data received from

the content receiving unit 130 or the image data output from the graphic processor 201.

[91] Also, the non- volatile memory may be provided separately from the volatile memory

and form an auxiliary memory device of the volatile memory.

[92] The graphic processor 201 may process the image data stored in the graphic memory

203 according to the image processing program stored in the graphic memory 203. For

example, the graphic processor 201 may perform image processing such as image lin

earization and tone mapping to be described below.

[93] While the graphic processor 201 and the graphic memory 203 have been separately

described above, the present embodiment is not limited to a case in which the graphic

processor 201 and the graphic memory 203 are provided as separate chips. The graphic

processor 201 and the graphic memory 203 may be provided as a single chip.

[94] Detailed operations of the image processing unit 200 will be described in detail

below.

[95] The display unit 140 may include a display panel 143 configured to visually display

an image and a display driver 141 configured to drive the display panel 143.

[96] The display panel 143 may output an image according to image data received from

the display driver 141.

[97] The display panel 143 may include a pixel, which is a unit of displaying an image.

Each pixel may receive an electrical signal indicating image data and output an optical

signal corresponding to the received electrical signal.

[98] In this manner, optical signals output from a plurality of pixels included in the

display panel 143 are combined and thus one image is displayed on the display panel

143.

[99] Also, the display panel 143 may be classified as several types according to a method

in which each pixel outputs an optical signal. For example, the display panel 143 may

be classified as a light-emitting display in which a pixel itself emits light, a



transmissive display configured to block or transmit light emitted from a backlight or

the like, or a reflective display configured to reflect or absorb incident light from an

external light source.

[100] The display panel 143 may use a cathode ray tube (CRT) display, a liquid crystal

display (LCD) panel, a light emitting diode (LED) panel, an organic light emitting

diode (OLED), a plasma display panel (PDP), a field emission display (FED) panel or

the like. However, the display panel 143 is not limited thereto, and the display panel

143 may use various display methods through which an image corresponding to image

data can be visually displayed.

[101] The display driver 141 receives image data from the image processing unit 200

according to a control signal of the main control unit 110 and drives the display panel

143 to display an image corresponding to the received image data.

[102] Specifically, the display driver 141 delivers an electrical signal corresponding to

image data to each of the plurality of pixels of the display panel 143.

[103] The display driver 141 may deliver the electrical signal to each of the pixels using

various methods in order to deliver the electrical signal to all pixels of the display

panel 143 within a short time.

[104] For example, according to an interlace scanning method, the display driver 141 may

alternately deliver the electrical signal to pixels of odd-numbered columns and pixels

of even-numbered columns among the plurality of pixels.

[105] Also, according to a progressive scanning method, the display driver 141 may se

quentially deliver the electrical signal to the plurality of pixels in units of columns.

[106] In this manner, when the display driver 141 delivers the electrical signal corre

sponding to image data to each of the pixels of the display panel 143, each of the pixels

outputs an optical signal corresponding to the received electrical signal, the optical

signals output from the pixels are combined and one image is displayed on the display

panel 143.

[107] The sound output unit 150 may output a sound corresponding to sound data within

the content received by the content receiving unit 130 according to the control signal of

the main control unit 110. The sound output unit 150 may include at least one speaker

151 configured to convert an electrical signal into a sound signal.

[108] The main control unit 110 may include a main processor 111 and a main memory

113.

[109] The main memory 113 may store a control program and control data for controlling

operations of the display device 100, and temporarily store the user control command

received through the input unit 120 or a control signal output from the main processor

111.

[110] The main memory 113 may include a volatile memory such as an SRAM or a



DRAM and a non-volatile memory such as a flash memory, a read only memory

(ROM), an erasable programmable read only memory (EPROM) or an electrically

erasable programmable read only memory (EEPROM).

[Ill] For example, the non-volatile memory may semi permanently store a control

program and control data for controlling the display device 100. The volatile memory

may temporarily store a control program and control data loaded from the non-volatile

memory, the user control command received through the input unit 120 or the control

signal output from the main processor 111.

[112] Also, the non-volatile memory may be provided separately from the volatile memory

and form an auxiliary memory device of the volatile memory.

[113] The main processor 111 may process various types of data stored in the main

memory 113 according to the control program stored in the main memory 113.

[114] For example, the main processor 111 may process the user control command input

through the input unit 120, generate a channel selection signal for selecting a path

through which the content receiving unit 130 receives content according to the user

control command, and generate a volume control signal for regulating a magnitude of a

sound output from the sound output unit 150 according to the user control command.

[115] While the main processor 111 and the main memory 113 have been separately

described above, the present embodiment is not limited to a case in which the main

processor 111 and the main memory 113 are provided as separate chips. The main

processor 111 and the main memory 113 may be provided as a single chip.

[116] The main control unit 110 may control operations of various components included in

the display device 100 according to a control command of the user. In particular, the

main control unit 110 may control the image processing unit 200 to perform image

processing on the image data received by the content receiving unit 130 and control the

display unit 140 to display the image-processed image data.

[117] Hereinafter, a configuration of the image processing unit 200 will be described.

[118] FIG. 3 illustrates an exemplary image processing unit included in a display device

according to an embodiment.

[119] As described above, the image processing unit 200 includes the graphic processor

201 and the graphic memory 203 as hardware components.

[120] Also, the image processing unit 200 may include various image processing modules

as software components. Specifically, the graphic processor 201 may perform various

image processing operations according to the image processing program and the image

processing data stored in the graphic memory 203. When the image processing unit

200 is divided according to the image processing operations performed by the graphic

processor 201, the image processing unit 200 may include various image processing

modules as illustrated in FIG. 3.



[121] As illustrated in FIG. 3, the image processing unit 200 may include an image

reception module 205 configured to receive image data ID and metadata MD, a lin

earization module 210 configured to linearize the image data, a region partitioning

module 220 configured to partition an image based on a luminance, a first mapping

function generating module 231 configured to generate a tone mapping function of a

first region having a high luminance, a second mapping function generating module

232 configured to generate a tone mapping function of a second region having a low

luminance, a tone mapping module 240 configured to perform tone mapping, and a

detail enhancement module 250 configured to perform a post-processing operation on

the image on which tone mapping is performed.

[122] The image reception module 205 receives content C from the content receiving unit

130 and outputs the image data ID included in the received content C and the metadata

MD related to the image data ID. Here, the metadata MD may include information on

the image data ID.

[123] The linearization module 210 linearizes the image data ID and outputs a linearized

original image II.

[124] The region partitioning module 220 receives the original image I I from the lin

earization module 210, partitions the received original image I I into a first region R l

and a second region R2, and outputs an image of the first region R l and an image of

the second region R2.

[125] The first mapping function generating module 231 receives the image of the first

region R l from the region partitioning module 220, and generates and outputs a first

mapping function MF1 based on the image of the first region Rl.

[126] The second mapping function generating module 232 receives the image of the

second region R2 from the region partitioning module 220 and generates and outputs a

second mapping function MF2 based on the image of the second region R2.

[127] The tone mapping module 240 receives the first mapping function MF1 and the

second mapping function MF2 from the first mapping function generating module 231

and the second mapping function generating module 232, respectively, and generates a

tone mapping function TMF based on the first mapping function MF1 and the second

mapping function MF2.

[128] Also, the tone mapping module 240 performs tone mapping on the original image I I

according to the generated tone mapping function TMF and outputs a first image 12.

[129] The detail enhancement module 250 receives the first image 12 from the tone

mapping module 240, performs a detail enhancement operation on the received first

image 12, and outputs a second image 13 on which detail enhancement is performed.

[130] The image processing unit 200 receives image data of a high dynamic range from the

content receiving unit 130, generates a display image of a low dynamic range from the



received image data of a high dynamic range, and delivers the generated display image

to the display unit 140.

[131] Hereinafter, operations of respective modules included in the image processing unit

200 will be described.

[132] First, the image reception module 205 will be described.

[133] The image reception module 205 extracts the image data ID and the metadata MD

from the content C received by the content receiving unit 130.

[134] The content C includes the image data ID representing the original image and the

metadata MD related to the image data ID.

[135] The metadata MD may include luminance information of the image data ID. When

the content C is, for example, a video, the metadata MD may include luminance in

formation of the entire content C, luminance information of each scene included in the

content C, luminance information of each frame included in the content C and the like.

Here, the frame refers to a single still image forming the video. Also, the scene refers

to a bundle of a series of frames representing a single condition in a single background.

In other words, the scene may be understood as a bundle of successive frames in which

an image is not significantly changed.

[136] Specifically, the metadata MD may include a maximum luminance value, a

minimum luminance value and an average luminance value of a plurality of images

included in the content C. Also, the metadata MD may include a maximum luminance

value, a minimum luminance value and an average luminance value of an image

included in each scene. Also, the metadata MD may include a maximum luminance

value, a minimum luminance value and an average luminance value of an image

forming each frame.

[137] In this manner, the image reception module 205 may extract luminance information

of each scene or luminance information of each frame from the content C in addition to

the image data ID.

[138] Next, the linearization module 210 will be described.

[139] FIG. 4 illustrates an exemplary operation of linearizing image data by an image

processing unit included in a display device according to an embodiment. Also, FIG. 5

illustrates an exemplary original image. FIG. 6 illustrates a luminance histogram of the

original image illustrated in FIG. 5.

[140] As illustrated in FIG. 4, the linearization module 210 linearizes the image data ID

received from the image reception module 205 and calculates a luminance value of

each of the pixels included in the linearized image.

[141] The image data received by the content receiving unit 130 may be different from an

actual image due to various reasons. For example, there may be a difference between

an image of an actual imaging target according to an image sensor configured to obtain



an image of an imaging target and an image according to the image data. Also, during

a process in which an image is compressed or encoded in order to transmit or store the

image data, there may be a difference between an initially transmitted image and the

image according to the image data.

[142] In particular, since a high dynamic range image includes a great amount of in

formation, it is necessary to compress or encode the image in order to transmit the

image via a communication network or store the image in a storage medium.

[143] An original image whose maximum luminance is Llmax and whose minimum

luminance is Llmin may be converted into image data whose identifiable dynamic

range is N l (NO to Nl) (in this case, a difference between Llmax and Llmin is

assumed to be a number greater than Nl). For example, an original image whose

difference between the maximum luminance Llmax and the minimum luminance

Llmin is 10,000 nits may be compressed to image data whose expressible range is

2000 nits.

[144] When the dynamic range of the image decreases, a size of the image data decreases.

However, there is a concern about some pieces of information included in the original

image being lost. In this manner, when a dynamic range L I of the original image is

greater than a dynamic range N l of the image data, a first non-linear mapping function

F l illustrated in FIG. 4A may be used in order to minimize information that is lost

during the encoding or compressing process.

[145] When the first non-linear mapping function F l is used, a region including a great

amount of information and a region including a small amount of information within the

original image are compressed at different compression ratios. In other words, in the

region including a great amount of information, an image is compressed at a low com

pression ratio. In the region including a small amount of information, an image is

compressed at a high compression ratio. Accordingly, it is possible to increase com

pression efficiency, and the image data may include a greater amount of information.

[146] The image data ID included in the content C received by the content receiving unit

130 may be image data that is nonlinearly compressed by the first non-linear mapping

function F l illustrated in FIG. 4A.

[147] The linearization module 210 linearizes the image data that is nonlinearly

compressed in this manner.

[148] Specifically, the linearization module 210 may linearize the nonlinearly compressed

image data using a second non-linear mapping function F2 illustrated in FIG. 4B and

luminance information of the original image II. Also, the luminance information of the

original image II may be received from the image reception module 205 described

above, the luminance information of the original image II may include a maximum

luminance value and a minimum luminance value in units of scenes, or a maximum



luminance value and a minimum luminance value in units of frames.

[149] Here, the second non-linear mapping function F2 may use an inverse function of the

first non-linear mapping function F l that is used to compress the original image to

image data.

[150] The first non-linear mapping function F l compressing the original image to image

data corresponds to a function that is well-known by international standards or the like.

Therefore, the linearization module 210 may generate the second non-linear mapping

function F2 based on the first non-linear mapping function Fl. Also, the second non

linear mapping function F2 may be stored in the graphic memory 203 in advance.

[151] The image data ID received from the content receiving unit 130 may be restored to

the original image by the linearization module 210.

[152] For example, the restored original image may be the original image II as illustrated

in FIG. 5.

[153] Also, the linearization module 210 may analyze a luminance of the original image II.

[154] Specifically, the linearization module 210 may obtain a maximum luminance value

L Imax, a minimum luminance value Llmin and an average luminance value of the

original image II.

[155] The linearization module 210 may obtain the maximum luminance value Llmax, the

minimum luminance value Llmin and the average luminance value of the original

image I I using various methods.

[156] As described above, the maximum luminance value Llmax, the minimum luminance

value Llmin and the average luminance value of the original image II may be received

from the external device in the form of metadata MD of the image data ID.

[157] In this case, the maximum luminance value Llmax, the minimum luminance value

Llmin and the average luminance value may be provided in units of content C, in units

of frames of an image, or in units of scenes of an image. When the value is provided in

units of scenes, the linearization module 210 may refer to a maximum luminance value

Llmax, a minimum luminance value Llmin and an average luminance value of a

previous frame.

[158] When the metadata MD of the received content C does not include the maximum

luminance value Llmax, the minimum luminance value Llmin or the average

luminance value, the linearization module 210 may directly calculate the maximum

luminance value Llmax, the minimum luminance value Llmin and the average

luminance value from the linearized original image.

[159] The linearization module 210 may calculate a luminance value of a pixel included in

the original image I I using Equation 1. Here, each of the pixels of the linearized

original image includes a red color value, a green color value, and a blue color value.

[160] [Equation 1]



[161] L = 0.2126R+0.7152G+0.0722B

[162] (where, L denotes a luminance value of a pixel, R denotes a red color value of a

pixel, G denotes a green color value of a pixel, and B denotes a blue color value of a

pixel.)

[163] A luminance value of each of the pixels included in the original image may be rep

resented as a luminance histogram. Here, a luminance histogram G l of the original

image I I represents a frequency distribution of pixels according to the luminance

value. That is, an x axis of the luminance histogram G l represents a luminance value,

and a y axis represents the number of pixels corresponding to the luminance value.

[164] For example, the linearization module 210 may represent the original image I I i l

lustrated in FIG. 5 as the luminance histogram G l illustrated in FIG. 6. As illustrated

in FIG. 6, in an example of the original image I I illustrated in FIG. 5, the number of

pixels having the lowest luminance is the greatest, and the number of pixels decreases

as the luminance increases.

[165] The luminance histogram G l has been described above to facilitate understanding,

but this is only an example for facilitating understanding. The image processing unit

200 does not necessarily generate the luminance histogram Gl. The image processing

unit 200 may generate the luminance histogram G l as necessary.

[166] Next, the region partitioning module 220 will be described.

[167] FIG. 7 illustrates an example in which the original image illustrated in FIG. 5 is p ar

titioned according to a luminance value of a pixel. FIG. 8 illustrates an exemplary

image obtained by partitioning the original image illustrated in FIG. 5 according to a

luminance value. Also, FIG. 9 illustrates another exemplary image obtained by p ar

titioning the original image illustrated in FIG. 5 according to a luminance value.

[168] As illustrated in FIGS. 7, 8 and 9, the region partitioning module 220 partitions the

original image into the first region R l and the second region R2 based on a first

reference luminance value m according to luminances of the plurality of pixels.

Specifically, the region partitioning module 220 may partition the original image into a

first region including pixels whose luminances are equal to or greater than the

reference luminance value m, and a second region including pixels whose luminances

are less than the first reference luminance value m.

[169] When the luminance histogram G l illustrated in FIG. 6 is exemplified, the plurality

of pixels of the original image I I may be classified as pixels included in the first region

R l or pixels included in the second region R2 based on the first reference luminance

value m as illustrated in FIG. 7.

[170] Here, the first reference luminance value m may be set to the maximum luminance

value that can be maximally output from the display device 100 or a luminance value

smaller than the maximum luminance value.



[171] Also, the first reference luminance value m may be set by the user or may be a prede

termined value.

[172] When the original image I I illustrated in FIG. 5 is partitioned into the first region Rl

and the second region R2 according to the first reference luminance value m, the image

may be partitioned into the first region Rl in which a luminance value of a pixel is

equal to or greater than the first reference luminance value m and the second region R2

in which a luminance value of a pixel is less than the first reference luminance value m

as illustrated in FIG. 8.

[173] Also, the region partitioning module 220 may set a pixel whose luminance value is

equal to or greater than the first reference luminance value m and a pixel near the pixel

whose luminance value is equal to or greater than the first reference luminance value m

as the first region Rl. This is because continuity of the image needs to be maintained

after tone mapping is performed.

[174] For example, the region partitioning module 220 may partition the original image II

into a plurality of regions as illustrated in FIG. 9A.

[175] Then, the region partitioning module 220 may set regions such that a region

including a pixel whose luminance value is equal to or greater than the first reference

luminance value m is the first region Rl, and a region including no pixel whose

luminance value is equal to or greater than the first reference luminance value m in the

partitioned region is the second region R2.

[176] When the original image I I illustrated in FIG. 5 is partitioned into the first region Rl

and the second region R2 in this manner, the region partitioning module 220 may set

the pixel whose luminance value is equal to or greater than the first reference

luminance value m and the pixel near the pixel whose luminance value is equal to or

greater than the first reference luminance value m as the first region Rl as illustrated in

FIG. 9B.

[177] Next, the first mapping function generating module 231 will be described.

[178] FIG. 10 illustrates an example in which the image processing unit illustrated in FIG.

3 extracts a feature point from a first region. Also, FIG. 11 illustrates an example in

which the image processing unit illustrated in FIG. 3 generates a first mapping function

based on a feature point of a first region. FIG. 12 illustrates another example in which

the image processing unit illustrated in FIG. 3 generates a first mapping function

according to a feature point of a first region.

[179] As illustrated in FIGS. 10, 11 and 12, the first mapping function generating module

231 generates the first mapping function MF1 based on the image of the first region

Rl.

[180] Here, the first mapping function MF1 refers to a parameter function of converting the

image of the first region R l within the original image II, which is the high dynamic



range image, into a low dynamic range image. In other words, the image of the first

region Rl is converted into the low dynamic range image by the first mapping function

MFl.

[181] Specifically, the first mapping function MFl converts the high dynamic range image

whose luminance value ranges between the first reference luminance value m and a

maximum original luminance value L Imax into the low dynamic range image whose

luminance value ranges between a second reference luminance value n and a maximum

display luminance value L2max. Here, the second reference luminance value n may be

set by the user or may be appropriately set in advance by a designer of the display

device 100.

[182] The first mapping function generating module 231 extracts pixels including feature

information, and generates the first mapping function MFl based on a histogram of the

extracted pixels. Here, the feature information may include edge information of the

image included in the first region Rl, texture information of the image and gradation

information of the image.

[183] The first mapping function generating module 231 may generate the first mapping

function MFl for vividly displaying an edge of the first region Rl, vividly displaying a

texture of the image, or vividly displaying a gradation of the image.

[184] For example, in order to vividly display an edge region, the first mapping function

generating module 231 may extract a pixel having a luminance value whose difference

from that of an adjacent pixel is equal to or greater than a reference value from pixels

included in the first region Rl. In other words, the first mapping function generating

module 231 may extract a pixel FP having a luminance value whose difference from

that of an adjacent pixel is equal to or greater than a reference value as illustrated in

FIG. 10B from the image of the first region Rl illustrated in FIG. 10A. Here, the pixel

having a luminance value whose difference from that of an adjacent pixel is equal to or

greater than the reference value may be determined as being positioned at the edge

region of the image.

[185] Also, the first mapping function generating module 231 may calculate a frequency

distribution of pixels (the pixel having a luminance value whose difference from that

of an adjacent pixel is equal to or greater than the reference value) positioned at the

edge region.

[186] The frequency distribution of pixels positioned at the edge region may be represented

as an edge histogram G2 as illustrated in FIG. 11A. Specifically, an x axis of the edge

histogram G2 represents a luminance value and a y axis represents the number of

pixels having a luminance value whose difference from that of an adjacent pixel is

equal to or greater than the reference value.

[187] As illustrated in FIG. 11A, the number of pixels positioned at the edge region is the



greatest near a luminance value p. In luminance values other than near the luminance

value p, the number of pixels having a luminance value whose difference from that of

an adjacent pixel is equal to or greater than the reference value is small.

[188] In order to vividly display the edge region of the image displayed on the display

device 100, the first mapping function generating module 231 may allocate a wide

luminance range displayed on the display device 100 for a luminance range having the

great number of edge region pixels and allocate a narrow luminance range displayed

on the display device 100 for a luminance range having the small number of edge

region pixels.

[189] Specifically, the first mapping function generating module 231 may generate the first

mapping function MF1 in which luminance values at which the number of pixels p o

sitioned at the edge region is great have a large gradient and luminance values at which

the number of pixels positioned at the edge region is small have a small gradient as i l

lustrated in FIG. 1IB. In particular, in order to generate the first mapping function

MF1, the first mapping function generating module 231 may determine a cumulative

edge histogram obtained by integrating the edge histogram G2 as the first mapping

function MF1.

[190] However, the first mapping function MF1 generated by the first mapping function

generating module 231 is not limited thereto.

[191] For example, when an edge histogram Gl is the same as in FIG. 12A, the first

mapping function generating module 231 may generate the first mapping function

MF1 as illustrated in FIG. 12B.

[192] Specifically, the first mapping function generating module 231 may generate the first

mapping function MF1 that has a constant gradient above luminance values at which

the number of pixels positioned at the edge region is great as illustrated in FIG. 12B.

[193] As another example, in order to vividly display a texture of the image, the first

mapping function generating module 231 may extract a pixel of a region in which a

luminance value is changed within a constant range. The region in which a luminance

value is changed within a constant range may be determined as a region in which a

texture is exhibited.

[194] Also, the first mapping function generating module 231 may calculate a frequency

distribution of pixels of the region (a region in which a luminance value is changed

within a constant range) in which a texture is exhibited

[195] Also, the first mapping function generating module 231 may generate a first mapping

function in which a large gradient occurs near luminance values at which the number

of pixels of the region in which a texture is exhibited is great and a small gradient

occurs near luminance values at which the number of pixels of the region in which a

texture is exhibited is small.



[196] As another example, in order to vividly display a gradation of the image, the first

mapping function generating module 231 may extract a pixel of a region in which a

luminance value is constantly and continuously changed. The region in which a

luminance value is constantly and continuously changed may be determined as a

region in which a gradation is exhibited.

[197] Also, the first mapping function generating module 231 may calculate a frequency

distribution of pixels of the region (the region in which a luminance value is constantly

and continuously changed) in which a gradation is exhibited.

[198] Also, the first mapping function generating module 231 may generate a first mapping

function in which luminance values at which the number of pixels of the region in

which a gradation is exhibited is great have a large gradient and luminance values at

which the number of pixels of the region in which a gradation is exhibited is small

have a small gradient.

[199] In this manner, the first mapping function generating module 231 may generate

various first mapping functions MFl in order to vividly display various pieces of

image information included in the image of the first region Rl.

[200] Specifically, in order to vividly display various pieces of image information included

in the image of the first region Rl, the first mapping function generating module 231

may calculate a frequency distribution of pixels including feature information and

generate the first mapping function MFl based on the generated frequency distribution.

[201] Next, the second mapping function generating module 232 will be described.

[202] FIG. 13 illustrates an example in which the image processing unit illustrated in FIG.

3 generates a second mapping function based on an image of a second region.

[203] As illustrated in FIG. 13, the second mapping function generating module 232

generates the second mapping function MF2 based on the image of the second region

R2.

[204] Here, the second mapping function MF2 refers to a parameter function of converting

the image of the second region R2 within the original image II, which is the high

dynamic range image, into the low dynamic range image. In other words, the image of

the first region Rl is converted into the low dynamic range image by the second

mapping function MF2.

[205] Specifically, the first mapping function MFl converts the high dynamic range image

whose luminance value ranges between a minimum original luminance value Llmin

and the reference luminance value m into the low dynamic range image whose

luminance value ranges between a minimum display luminance value L2min and the

second reference luminance value n. Here, the second reference luminance value n

may be set by the user or may be appropriately set in advance by a designer of the

display device 100, as described above.



] Specifically, the second mapping function generating module 232 extracts luminance

information of the second region R2 and generates the second mapping function MF2

based on the extracted luminance information.

] The luminance information of the second region R2 may be obtained based on the

luminance histogram Gl of the original image II as illustrated in FIG. 13A.

] The second mapping function generating module 232 may generate the second

mapping function MF2 for sufficiently maintaining brightness of the image of the

second region R2 and preventing image information included in the image of the

second region R2 from being lost.

] For example, the second mapping function generating module 232 may allocate a

wide luminance range displayed on the display device 100 for a luminance region

having the great number of pixels and may allocate a narrow luminance range

displayed on the display device 100 for a luminance region having the small number of

pixels.

] Specifically, as illustrated in FIG. 13A, when the number of pixels decreases as the

luminance value increases, the second mapping function generating module 232 may

generate the second mapping function MF2 in which a gradient decreases as the

luminance value increases as illustrated in FIG. 13B. In particular, in order to generate

the second mapping function MF2, the second mapping function generating module

232 may generate the second mapping function MF2 based on a cumulative luminance

histogram obtained by integrating the luminance histogram Gl.

] However, the second mapping function MF2 generated by the second mapping

function generating module 232 is not limited thereto.

] For example, the second mapping function generating module 232 may generate a

linear tone mapping function, a log tone mapping function or the like.

] The linear tone mapping function converts the high dynamic range image into the

low dynamic range image such that a luminance value of the high dynamic range

image and a luminance value of the low dynamic range image have a linear relation.

] The linear tone mapping function, which is a tone mapping function of maintaining a

contrast between pixels, has an advantage in that a visual sense of difference rarely

occurs between the original image II and the display image 12.

] The linear tone mapping function converts the high dynamic range image into the

low dynamic range image such that a luminance value of the high dynamic range

image and a luminance value of the low dynamic range image have a relation of a log

function.

] In the log tone mapping function, a characteristic in which human visual char ac

teristics which underlie Weber's law increase similarly to a log function is used.

Weber's law states that a human's eyes sense a slight change of brightness in a dark



region, but cannot easily sense a great change of brightness in a bright region.

[217] The log tone mapping function generally increases brightness of the image according

to a characteristic of the log function and has a high contrast effect in a dark region of

the image.

[218] In this manner, the second mapping function generating module 232 may generate a

second mapping function based on a log function or a second mapping function based

on a zone system.

[219] Next, the tone mapping module 240 will be described.

[220] FIG. 14 illustrates an exemplary tone mapping function generated by the image

processing unit illustrated in FIG. 3. FIG. 15 illustrates a result obtained when a

display device of the related art performs tone mapping on a high dynamic image. FIG.

16 illustrates a result obtained when a display device according to an embodiment

performs tone mapping on a high dynamic image.

[221] As illustrated in FIGS. 14, 15 and 16, the tone mapping module 240 combines the

first mapping function MF1 with the second mapping function MF2, generates a tone

mapping function MF, and performs tone mapping on the original image I I using the

tone mapping function MF.

[222] Here, the tone mapping function MF refers to a parameter function of converting the

original image II, which is the high dynamic range image, into the low dynamic range

image. In other words, the original image I I is converted into the display image 12,

which is the low dynamic range image, according to the tone mapping function MF.

[223] Specifically, the tone mapping function MF converts the original image II whose

luminance value ranges between the minimum original luminance value Llmin and the

maximum original luminance value L Imax into the display image 12 whose luminance

value ranges between the minimum display luminance value L2min and the maximum

display luminance value L2max.

[224] When the first mapping function MF1 illustrated in FIG. 1IB and the second

mapping function MF2 illustrated in FIG. 13B are combined, the tone mapping

function MF according to an embodiment illustrated in FIG. 14 is generated.

[225] The tone mapping function MF generated in this manner may preserve brightness of

the image of the second region R2, which is a low luminance region, and preserve

feature information of the image of the first region Rl, which is a high luminance

region.

[226] The tone mapping module 240 may perform tone mapping on the original image II

and generate the first image 12. Specifically, the tone mapping module 240 may apply

all pixels included in the original image I I to the tone mapping function MF and thus

perform tone mapping.

[227] Here, the first image 12 has a luminance range that is the same as a luminance range



that can be output from the display device 100.

[228] In this manner, the tone mapping function MF generated by the tone mapping

module 240 that can preserve brightness of the low luminance region and feature in

formation of the high luminance region can more vividly display an image in the high

luminance region than a tone mapping function MF3 based on a log function.

[229] For example, when the tone mapping function MF3 based on a log function il

lustrated in FIG. 15A is used to perform tone mapping on the original image II i l

lustrated in FIG. 5, the display image 12 illustrated in FIG. 15B is output.

[230] Also, when the tone mapping function MF illustrated in FIG. 16A is used to perform

tone mapping on the original image II illustrated in FIG. 5, the display image 12 i l

lustrated in FIG. 16B is output.

[231] In the display image 12 on which tone mapping is performed by the tone mapping

function MF3 based on a log function, the image is not vividly displayed in a high

luminance region Rl as illustrated in FIG. 15B. On the other hand, in the display

image 12 on which tone mapping is performed by the tone mapping function MF

generated by the tone mapping module 240, the image is vividly displayed in a high

luminance region Rl as illustrated in FIG. 16B.

[232] Next, the detail enhancement module 250 will be described.

[233] Detail enhancement refers to processing of the image 12 on which tone mapping is

performed in order to provide a further vivid image for the user.

[234] Such detail enhancement may include various image processing techniques such as

contrast enhancement through which a difference between a bright region and a dark

region of an image is maximized, histogram equalization through which a histogram is

regulated to change an image having a low contrast distribution to an image having a

uniform contrast distribution, image sharpening through which an image is finely

converted, and image smoothing through which an image is gently converted.

[235] The detail enhancement module 250 may process the first image 12 using various

image processing techniques which are already well-known, and output the second

image 13 on which detail enhancement is performed.

[236] In this manner, the image processing unit 200 may partition the original image I I

into the first region Rl, which is a high luminance region, and the second region R2,

which is a low luminance region, perform tone mapping on the first region Rl based

on characteristics of the image such as an edge of the image, a texture of the image or a

gradation of the image and perform tone mapping on the second region R2 based on

brightness of the image.

[237] As a result, the image processing unit 200 may process the original image I I such

that the original image II, which is the high dynamic range image, is vividly displayed

on the display panel 143 having a low dynamic range.



[238] Hereinafter, operations of the display device 100 according to an embodiment will be

described.

[239] FIG. 17 illustrates an exemplary high dynamic range image display operation of a

display device according to an embodiment;

[240] As illustrated in FIG. 17, the high dynamic range image display operation (1000) of

the display device 100 will be described.

[241] The display device 100 receives an image from the outside (1010). The display

device 100 may receive content from the outside through the content receiving unit

130 and extract the image data ID and the metadata MD included in the received

content.

[242] The metadata MD is data including information on the image data ID, and may

include luminance information of units of scenes or luminance information of units of

frames. Specifically, the metadata MD may include a maximum luminance value, a

minimum luminance value and an average luminance value of the entire content C, a

maximum luminance value, a minimum luminance value and an average luminance

value of an image included in each scene or a maximum luminance value, a minimum

luminance value and an average luminance value of an image forming each frame.

[243] The image data ID and the metadata MD are extracted, and then the display device

100 linearizes the received image (1020). The display device 100 may linearize image

data in order to obtain the original image II.

[244] Specifically, the image processing unit 200 of the display device 100 may use the

second non-linear mapping function F2 and restore the image data to the original

image II. Also, the image processing unit 200 may calculate the luminance in

formation of the original image II based on a color value of each of the pixels included

in the restored original image II.

[245] The image is linearized and then the display device 100 partitions the original image

I I into a plurality of regions (1030). The display device 100 may partition the original

image I I into the first region Rl, which is a high luminance region, and the second

region R2, which is a low luminance region.

[246] Specifically, the image processing unit 200 of the display device 100 may partition

the original image I I into the first region Rl including a pixel whose luminance value

is equal to or greater than the reference luminance value and the second region R2

including a pixel whose luminance value is less than the reference luminance value m.

[247] The image is partitioned and then the display device 100 generates the first mapping

function MF1 and the second mapping function MF2 (1040). The display device 100

may generate the first mapping function MF1 of the image of the first region R l and

the second mapping function MF2 of the image of the second region R2.

[248] Specifically, the image processing unit 200 of the display device 100 may extract a



pixel including feature information such as an edge, a texture and a gradation from the

image of the first region R l and generate the first mapping function MF1 based on a

histogram of the pixels including feature information.

[249] Also, the image processing unit 200 may generate the second mapping function MF2

based on the luminance histogram of the image of the second region R2.

[250] After the first and second mapping functions MF1 and MF2 are generated, the

display device 100 generates the tone mapping function and performs tone mapping on

the original image I I (1050). The display device 100 may use the tone mapping

function MF in which the first and second mapping functions MF1 and MF2 are

combined and generate the first image 12 from the original image II.

[251] Specifically, the image processing unit 200 of the display device 100 may combine

the first mapping function MF1 with the second mapping function MF2 and generate

the tone mapping function MF. Also, the image processing unit 200 may apply the

original image II to the tone mapping function MF and generate the first image 12

from the original image II.

[252] The tone mapping is performed and then the display device 100 performs detail en

hancement on the first image 12 (1060). The display device 100 may perform image

processing such as contrast enhancement on the first image 12 in order to further

vividly display the first image 12.

[253] Specifically, the image processing unit 200 of the display device 100 may perform

detail enhancement such as contrast enhancement on the first image 12 and thus

generate the second image 13.

[254] The detail enhancement is performed and then the display device 100 displays the

image (1070). The display device 100 may display the second image 13 through the

display unit 140.

[255] In this manner, the display device 100 may partition the original image II into the

first region Rl, which is a high luminance region, and the second region R2, which is a

low luminance region, perform tone mapping based on characteristics of the image

such as an edge, a texture or a gradation of the image on the first region Rl, and

perform tone mapping on the second region R2 based on brightness of the image.

[256] As a result, the display device 100 may process the original image I I such that the

original image II, which is the high dynamic range image, is vividly displayed on the

display panel 143 having a low dynamic range.

[257] The display device 100 according to the embodiment and an exemplary configuration

and operation of the image processing unit 200 included therein have been described

above.

[258] However, an image processing unit included in the display device 100 is not limited

to the image processing unit 200 illustrated in FIG. 3, but various display devices 100



may include various image processing units.

[259] Hereinafter, various image processing units that can be included in the display device

100 according to the embodiment will be described. The same configurations as those

of the image processing unit 200 described above are denoted with like reference

numerals.

[260] FIG. 18 illustrates another exemplary image processing unit included in a display

device according to an embodiment. FIGS. 19 and 20 illustrate an example in which

the image processing unit illustrated in FIG. 18 generates a tone mapping function.

[261] As illustrated in FIG. 18, an image processing unit 200' may include the image

reception module 205 configured to receive the image data ID and the metadata MD,

the linearization module 210 configured to linearize the image data, the region p ar

titioning module 220 configured to partition an image based on a luminance, the first

mapping function generating module 231 configured to generate the tone mapping

function of the high luminance region, a tone mapping module 240' configured to

perform tone mapping, and the detail enhancement module 250 configured to perform

a post-processing operation on the image on which tone mapping is performed.

[262] The image reception module 205 extracts the image data ID and the metadata MD

from the content C received by the content receiving unit 130. Here, the content C

includes the image data ID representing the original image and the metadata MD

related to the image data ID. The metadata MD may include luminance information of

the image data ID. When the content C is, for example, a video, the metadata MD may

include at least one of luminance information of the entire content C, luminance in

formation of each scene included in the content C, and luminance information of each

frame included in the content C.

[263] The linearization module 210 may linearize the image data ID received from the

image reception module 205 and analyze a luminance of the linearized image.

Specifically, when the maximum luminance value Llmax, the minimum luminance

value Llmin or the average luminance value is not included in the metadata MD of the

content C, the linearization module 210 may directly calculate the maximum

luminance value Llmax, the minimum luminance value Llmin and the average

luminance value from the linearized original image.

[264] The region partitioning module 220 partitions the original image into the first region

R l and the second region R2 based on the first reference luminance value m according

to luminances of the plurality of pixels. Specifically, the region partitioning module

220 may partition the original image into a first region including pixels whose lu

minances are equal to or greater than the reference luminance value m, and a second

region including pixels whose luminances are less than the first reference luminance

value m.



[265] The first mapping function generating module 231 extracts pixels including feature

information from the first region Rl and generates the first mapping function MF1

based on a histogram of the extracted pixels. Here, the feature information may include

edge information of the image included in the first region Rl, texture information of

the image and gradation information of the image.

[266] The tone mapping module 240' generates the tone mapping function MF based on

the original image I I and the first mapping function MF1 and performs tone mapping

on the original image II using the tone mapping function MF.

[267] Here, the tone mapping function MF refers to a parameter function of converting the

original image II, which is the high dynamic range image, into the low dynamic range

image. In other words, the original image I I is converted into the display image 12,

which is the low dynamic range image, by the tone mapping function MF.

[268] First, the tone mapping module 240' generates a temporary tone mapping function

MF' based on the luminance information of the original image II. Here, the temporary

tone mapping function MF' may be used to finally generate the tone mapping function

MF.

[269] The luminance information of the original image II may be obtained based on the

luminance histogram Gl of the original image II as illustrated in FIG. 19A.

[270] The tone mapping module 240' may generate the temporary tone mapping function

MF' for sufficiently maintaining brightness of the original image II and preventing

image information included in the original image II from being lost.

[271] For example, the tone mapping module 240' may allocate a wide luminance range

displayed on the display device 100 for a luminance region having the great number of

pixels and may allocate a narrow luminance range displayed on the display device 100

for a luminance region having the small number of pixels.

[272] Specifically, as illustrated in FIG. 19A, when the number of pixels decreases as the

luminance value increases, the tone mapping module 240' may generate the temporary

tone mapping function MF' in which a gradient decreases as the luminance value

increases as illustrated in FIG. 19B. In particular, in order to generate the temporary

tone mapping function MF,' the tone mapping module 240' may determine a c u

mulative luminance histogram obtained by integrating the luminance histogram Gl as

the temporary tone mapping function MF.'

[273] However, the temporary tone mapping function MF' generated by the tone mapping

module 240' is not limited thereto.

[274] For example, the tone mapping module 240' may generate a tone mapping function

based on a log function or a tone mapping function based on a zone system, which is

already well-known.

[275] The tone mapping module 240' that has generated the temporary tone mapping



function MF' combines the temporary tone mapping function MF' with the first

mapping function MF1 received from the first mapping function generating module

231 and generates the tone mapping function MF.

[276] The tone mapping module 240' may combine the temporary tone mapping function

MF' with the first mapping function MF1 using various methods.

[277] For example, the tone mapping module 240' may synthesize the temporary tone

mapping function MF' of the high luminance region and the first mapping function

MF1 and generate the tone mapping function MF.

[278] Specifically, the tone mapping module 240' may perform normalization such that an

output of the first mapping function MF1 has a value between "0" and "1," synthesize

the temporary tone mapping function MF' of the reference luminance value m or more

and the normalized first mapping function MF1, and thus generate the tone mapping

function MF.

[279] As a result, tone mapping is performed on the original image II by the temporary

tone mapping function MF' and tone mapping may be performed again on the image

included in the first region Rl within the original image I I by the first mapping

function MF1.

[280] As another example, the tone mapping module 240' may replace the temporary tone

mapping function MF' of the high luminance region with the first mapping function

MF1. Specifically, the tone mapping module 240' may replace a part of the reference

luminance value m or more within the temporary tone mapping function MF' with the

first mapping function MF1.

[281] In this case, the tone mapping module 240' may calculate a luminance value 1of the

low dynamic range corresponding to the reference luminance value m and scale an

output range of the first mapping function MF1 based on a difference between the

calculated reference luminance value 1of the low dynamic range and the maximum

luminance value L2max of the low dynamic range. Specifically, the tone mapping

module 240' may scale the output range of the first mapping function MF1 such that

the output of the first mapping function MF1 ranges between the reference luminance

value 1of the low dynamic range and the maximum luminance value L2max of the low

dynamic range.

[282] When the temporary tone mapping function MF' illustrated in FIG. 19B and the first

mapping function MF1 illustrated in FIG. 1IB are combined, the tone mapping

function MF illustrated in FIG. 20 may be generated.

[283] The tone mapping function MF generated in this manner may preserve brightness of

the original image I I and preserve feature information of the image of the first region

Rl, which is a high luminance region.

[284] The tone mapping module 240' that has generated the tone mapping function MF



may perform tone mapping on the original image I I using the tone mapping function

MF and generate the first image 12. Specifically, the tone mapping module 240' may

apply all pixels included in the original image II to the tone mapping function MF and

thus perform tone mapping.

[285] Here, the first image 12 has a luminance range that is the same as a luminance range

that can be output from the display device 100.

[286] In this manner, the tone mapping function MF generated by the tone mapping

module 240' that can preserve brightness of the low luminance region and feature in

formation of the high luminance region can more vividly display an image in the high

luminance region than the tone mapping function based on a log function.

[287] The detail enhancement module 250 processes the image 12 on which tone mapping

is performed in order to provide a further vivid image for the user. Here, detail en

hancement may include various image processing techniques such as contrast en

hancement through which a difference between a bright region and a dark region of an

image is maximized, histogram equalization through which a histogram is regulated to

change an image having a low contrast distribution to an image having a uniform

contrast distribution, image sharpening through which an image is finely converted,

and image smoothing through which an image is gently converted.

[288] Hereinafter, operations of the display device 100 according to an embodiment will be

described.

[289] FIG. 2 1 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment.

[290] As illustrated in FIG. 21, the high dynamic range image display operation ( 1100) of

the display device 100 will be described.

[291] The display device 100 receives an image from the outside (11 10). The display

device 100 may receive content from the outside through the content receiving unit

130 and extract the image data ID and the metadata MD included in the received

content.

[292] The metadata MD is data including information on the image data ID, and may

include luminance information of units of scenes or luminance information of units of

frames. Specifically, the metadata MD may include a maximum luminance value, a

minimum luminance value and an average luminance value of the entire content C, a

maximum luminance value, a minimum luminance value and an average luminance

value of an image included in each scene or a maximum luminance value, a minimum

luminance value and an average luminance value of an image forming each frame.

[293] The image data ID and the metadata MD are extracted, and then the display device

100 linearizes the received image ( 1120). The display device 100 may linearize image

data in order to obtain the original image II.



[294] Specifically, the image processing unit 200 of the display device 100 may use the

second non-linear mapping function F2 and restore the image data to the original

image II. Also, the image processing unit 200 may calculate the luminance in

formation of the original image II based on a color value of each of the pixels included

in the restored original image II.

[295] The image is linearized and then the display device 100 detects the first region from

the original image I I ( 1130). The display device 100 may detect the first region Rl,

which is a high luminance region, from the original image II.

[296] Specifically, the image processing unit 200 of the display device 100 may detect the

first region R l including a pixel whose luminance value is equal to or greater than the

reference luminance value m from the original image II.

[297] The first region Rl is detected and then the display device 100 generates the first

mapping function MFl (1140). The display device 100 may generate the first mapping

function MFl of the image of the first region Rl.

[298] Specifically, the image processing unit 200 of the display device 100 may extract a

pixel including feature information such as an edge, a texture and a gradation from the

image of the first region R l and generate the first mapping function MFl based on a

histogram of the pixels including feature information.

[299] After the first mapping function MFl is generated, the display device 100 generates

the tone mapping function and performs tone mapping on the original image I I ( 1150).

The display device 100 may generate the temporary tone mapping function MF' and

generate the first image 12 from the original image I I using the temporary tone

mapping function MF' and the first mapping function MFl.

[300] Specifically, the image processing unit 200 of the display device 100 may generate

the temporary tone mapping function MF' based on the luminance histogram of the

original image II, combine the temporary tone mapping function MF' with the first

mapping function MFl and generate the tone mapping function MF.

[301] Also, the image processing unit 200 may apply the original image II to the tone

mapping function MF and thus generate the first image 12 from the original image II.

[302] The tone mapping is performed and then the display device 100 performs detail en

hancement on the first image 12 ( 1160). The display device 100 may perform image

processing such as contrast enhancement on the first image 12 in order to further

vividly display the first image 12.

[303] Specifically, the image processing unit 200 of the display device 100 may perform

detail enhancement such as contrast enhancement on the first image 12 and thus

generate the second image 13.

[304] The detail enhancement is performed and then the display device 100 displays the

image ( 1170). The display device 100 may display the second image 13 through the



display unit 140.

[305] In this manner, the display device 100 may detect the first region R l from the

original image II, perform tone mapping on the original image I I based on brightness

of the image and then perform tone mapping on the first region R l based on char ac

teristics of the image such as an edge, a texture or a gradation.

[306] As a result, the display device 100 may process the original image I I such that the

original image II, which is the high dynamic range image, is vividly displayed on the

display panel 143 having a low dynamic range.

[307] FIG. 22 illustrates another exemplary image processing unit included in a display

device according to an embodiment. Also, FIG. 23 illustrates an example in which the

image processing unit illustrated in FIG. 22 performs tone mapping on an image of a

first region. FIG. 24 illustrates an example in which the image processing unit i l

lustrated in FIG. 22 performs tone mapping on an image of a second region. Also, FIG.

25 illustrates another exemplary high dynamic range image display operation of a

display device according to an embodiment.

[308] As illustrated in FIG. 22, an image processing unit 200' ' may include the image

reception module 205 configured to receive the image data ID and the metadata MD,

the linearization module 210 configured to linearize the image data, the region p ar

titioning module 220 configured to partition an image according to a luminance, a first

tone mapping module 241 configured to perform tone mapping on the high luminance

region, a second tone mapping module 242 configured to perform tone mapping on the

low luminance region, an image synthesizing module 260 configured to synthesize the

image on which tone mapping is performed, and the detail enhancement module 250

configured to perform a post-processing operation on the image.

[309] The image reception module 205 extracts the image data ID and the metadata MD

from the content C received by the content receiving unit 130. Here, the content C

includes the image data ID representing the original image and the metadata MD

related to the image data ID. The metadata MD may include luminance information of

the image data ID. When the content C is, for example, a video, the metadata MD may

include at least one of luminance information of the entire content C, luminance in

formation of each scene included in the content C, and luminance information of each

frame included in the content C.

[310] The linearization module 210 may linearize the image data ID received from the

image reception module 205 and analyze a luminance of the linearized image.

Specifically, when the maximum luminance value Llmax, the minimum luminance

value Llmin or the average luminance value is not included in the metadata MD of the

content C, the linearization module 210 may directly calculate the maximum

luminance value Llmax, the minimum luminance value Llmin and the average



luminance value from the linearized original image.

] The region partitioning module 220 partitions the original image into the first region

R l and the second region R2 based on the first reference luminance value m according

to luminances of the plurality of pixels. Specifically, the region partitioning module

220 may partition the original image into a first region including pixels whose lu

minances are equal to or greater than the reference luminance value m, and a second

region including pixels whose luminances are less than the first reference luminance

value m.

] The first tone mapping module 241 generates the first mapping function MFl based

on the image of the first region Rl, and performs tone mapping on the image of the

first region R l using the first mapping function MFl.

] Here, the first mapping function MFl refers to a parameter function of converting the

image of the first region Rl, which is the high dynamic range image, into the low

dynamic range image. In other words, the image of the first region Rl is converted into

the low dynamic range image by the first mapping function MFl.

] Specifically, the first mapping function MFl converts the high dynamic range image

whose luminance value ranges between the first reference luminance value m and the

maximum original luminance value LImax into the low dynamic range image whose

luminance value ranges between the second reference luminance value n and the

maximum display luminance value L2max.

] The first tone mapping module 241 extracts pixels including feature information and

generates the first mapping function MFl based on a histogram of the extracted pixels.

Here, the feature information may include edge information of the image included in

the first region Rl, texture information of the image and gradation information of the

image.

] For example, in order to vividly display an edge region, the first tone mapping

module 241 may extract a pixel having a luminance value whose difference from that

of an adjacent pixel is equal to or greater than a reference value from pixels included in

the first region Rl and generate the first mapping function MFl based on a histogram

of the extracted pixels.

] Also, the first tone mapping module 241 performs tone mapping on the image of the

first region R l according to the first mapping function MFl and generates a first region

display image I2a.

] For example, the first tone mapping module 241 may perform tone mapping on the

image of the first region R l illustrated in FIG. 8 using the first mapping function MFl

illustrated in FIG. 23A and output the first region display image I2a as illustrated in

FIG. 23B.

] The second tone mapping module 242 generates the second mapping function MF2



based on the image of the second region R2 and performs tone mapping on the image

of the second region R2 using the second mapping function MF2.

[320] Here, the second mapping function MF2 refers to a parameter function of converting

the image of the second region R2, which is the high dynamic range image, into the

low dynamic range image. In other words, the image of the second region R2 is

converted into the low dynamic range image by the second mapping function MF2.

[321] Specifically, the second mapping function MF2 converts the high dynamic range

image whose luminance value ranges between the minimum original luminance value

Llmin and the first reference luminance value m into the low dynamic range image

whose luminance value ranges between the minimum display luminance value L2min

and the second reference luminance value n.

[322] The second tone mapping module 242 generates the second mapping function MF2

based on a luminance histogram of the image of the second region R2. Specifically, the

second tone mapping module 242 may generate the second mapping function MF2

based on a cumulative luminance histogram obtained by integrating the luminance

histogram of the image of the second region R2.

[323] However, the present embodiment is not limited thereto. The second tone mapping

module 242 may generate the second mapping function MF2 based on a linear

function, a log function or the like.

[324] Also, the second tone mapping module 242 performs tone mapping on the image of

the second region R2 according to the second mapping function MF2 and generates a

second region display image I2b.

[325] For example, when tone mapping is performed on the image of the second region R2

illustrated in FIG. 8 using the second mapping function MF2 illustrated in FIG. 24A,

the second tone mapping module 242 may generate the second region display image

I2b as illustrated in FIG. 24B.

[326] The image synthesizing module 260 synthesizes the first region display image I2a

received from the first tone mapping module 241 and the second region display image

I2b received from the second tone mapping module 242 and generates the first image

12.

[327] For example, the image synthesizing module 260 may synthesize the first region

display image I2a and the second region display image I2b illustrated in FIG. 24B and

generate the first image 12.

[328] In this manner, the first tone mapping module 241 may perform tone mapping using

feature information of the high luminance region. The second tone mapping module

242 may perform tone mapping using brightness information of the low luminance

region. Also, the image synthesizing module may synthesize the first region display

image I2a output from the first tone mapping module 241 and the second region



display image I2b output from the second tone mapping module 242.

[329] The detail enhancement module 250 processes the image 12 on which tone mapping

is performed in order to provide a further vivid image for the user. Here, detail en

hancement may include various image processing techniques such as contrast en

hancement through which a difference between a bright region and a dark region of an

image is maximized, histogram equalization through which a histogram is regulated to

change an image having a low contrast distribution to an image having a uniform

contrast distribution, image sharpening through which an image is finely converted,

and image smoothing through which an image is gently converted.

[330] Hereinafter, operations of the display device 100 according to an embodiment will be

described.

[331] FIG. 25 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment.

[332] As illustrated in FIG. 25, the high dynamic range image display operation (1200) of

the display device 100 will be described.

[333] The display device 100 receives an image from the outside (1210). The display

device 100 may receive content from the outside through the content receiving unit

130 and extract the image data ID and the metadata MD included in the received

content.

[334] The metadata MD is data including information on the image data ID, and may

include luminance information of units of scenes or luminance information of units of

frames. Specifically, the metadata MD may include a maximum luminance value, a

minimum luminance value and an average luminance value of the entire content C, a

maximum luminance value, a minimum luminance value and an average luminance

value of an image included in each scene or a maximum luminance value, a minimum

luminance value and an average luminance value of an image forming each frame..

[335] The image data ID and the metadata MD are extracted, and then the display device

100 linearizes the received image ( 1120). The display device 100 may linearize image

data in order to obtain the original image II.

[336] Specifically, the image processing unit 200 of the display device 100 may use the

second non-linear mapping function F2 and restore the image data to the original

image II. Also, the image processing unit 200 may calculate the luminance in

formation of the original image II based on a color value of each of the pixels included

in the restored original image II.

[337] The image is linearized and then the display device 100 partitions the original image

I I into a plurality of regions (1230). The display device 100 may partition the original

image I I into the first region Rl, which is a high luminance region, and the second

region R2, which is a low luminance region.



[338] Specifically, the image processing unit 200 of the display device 100 may partition

the original image I I into the first region Rl including a pixel whose luminance value

is equal to or greater than the reference luminance value m and the second region R2

including a pixel whose luminance value is less than the reference luminance value m.

[339] After the image is partitioned, the display device 100 generates the first mapping

function MF1 and performs tone mapping on the image of the first region Rl (1240).

[340] The display device 100 may generate the first mapping function MF1 of the image of

the first region Rl. Specifically, the image processing unit 200 of the display device

100 may extract a pixel including feature information such as an edge, a texture and a

gradation from the image of the first region Rl and generate the first mapping function

MF1 based on a histogram related to the pixel including feature information.

[341] Also, the display device 100 may perform tone mapping on the image of the first

region Rl. Specifically, the image processing unit 200 of the display device 100 may

use the first mapping function MF1, perform tone mapping on the image of the first

region Rl, and generate the first region display image I2a.

[342] Also, the display device 100 generates the second mapping function MF2 and

performs tone mapping on the image of the second region R2 (1250).

[343] The display device 100 may generate the second mapping function MF2 of the image

of the second region R2. Specifically, the image processing unit 200 of the display

device 100 may generate the second mapping function MF2 based on a luminance

histogram of the second region R2.

[344] Also, the display device 100 may perform tone mapping on the image of the second

region R2. Specifically, the image processing unit 200 of the display device 100 may

use the second mapping function MF2, perform tone mapping on the image of the

second region R2, and generate the second region display image I2b.

[345] The tone mapping is performed and then the display device 100 synthesizes the

image on which tone mapping is performed (1260). Specifically, the image processing

unit 200 of the display device 100 may synthesize the first region display image I2a

and the second region display image I2b and generate the first image 12.

[346] Then, the display device 100 performs detail enhancement on the first image 12

(1270). The display device 100 may perform image processing such as contrast en

hancement on the first image 12 in order to further vividly display the first image 12.

[347] Specifically, the image processing unit 200 of the display device 100 may perform

detail enhancement such as contrast enhancement on the first image 12 and thus

generate the second image 13.

[348] The detail enhancement is performed and then the display device 100 displays the

image (1280). The display device 100 may display the second image 13 through the

display unit 140.



[349] In this manner, the display device 100 may partition the original image II into the

first region Rl, which is a high luminance region, and the second region R2, which is a

low luminance region, perform tone mapping based on characteristics of the image

such as an edge, a texture or a gradation of the image on the first region Rl, and

perform tone mapping on the second region R2 based on brightness of the image.

[350] As a result, the display device 100 may process the original image I I such that the

original image II, which is the high dynamic range image, is vividly displayed on the

display panel 143 having a low dynamic range.

[351] FIG. 26 illustrates another exemplary image processing unit included in a display

device according to an embodiment. FIG. 27 illustrates a third mapping function

generated by the image processing unit illustrated in FIG. 26.

[352] As illustrated in FIGS. 26 and 27, an image processing unit 200"' may include the

image reception module 205 configured to receive the image data ID and the metadata

MD, the linearization module 210 configured to linearize the image data, a third

mapping function generating module 233 configured to generate a tone mapping

function of the high dynamic range image, the tone mapping module 240 configured to

perform tone mapping, and the detail enhancement module 250 configured to perform

a post-processing operation on the image on which tone mapping is performed.

[353] The image reception module 205 extracts the image data ID and the metadata MD

from the content C received by the content receiving unit 130. Here, the content C

includes the image data ID representing the original image and the metadata MD

related to the image data ID. The metadata MD may include luminance information of

the image data ID. When the content C is, for example, a video, the metadata MD may

include at least one of luminance information of the entire content C, luminance in

formation of each scene included in the content C, and luminance information of each

frame included in the content C.

[354] The linearization module 210 may linearize the image data ID received from the

image reception module 205 and analyze a luminance of the linearized image.

Specifically, when the metadata MD of the content C does not include the maximum

luminance value LImax and the minimum luminance value Llmin, the linearization

module 210 may directly calculate the maximum luminance value L Imax and the

minimum luminance value Llmin from the linearized original image.

[355] The third mapping function generating module 233 receives the metadata MD from

the image reception module 205 and generates a third mapping function MF3 based on

the received metadata MD. Here, the metadata MD may include luminance in

formation of the entire content C, that is, the maximum luminance value LImax and

the minimum luminance value Llmin of the entire content C.

[356] Also, the third mapping function MF3 may be defined between the maximum



luminance value Llmax and the minimum luminance value Llmin of the content C. In

other words, a maximum value input to the third mapping function MF3 is the

maximum luminance value Llmax of the content C and a minimum value input to the

third mapping function MF3 is the minimum luminance value Llmin of the content C.

[357] In this manner, by the third mapping function MF3 generated based on the luminance

information of the entire content C, tone mapping may be performed on the original

image I I included in the entire content C. In other words, even if the frame or the

scene is changed, when the content C is not changed, the third mapping function MF3

is not changed.

[358] The original image I I may be classified as a low luminance part or a high luminance

part based on a third reference luminance value Th. The low luminance part and the

high luminance part may be differently mapped by the third mapping function MF3. In

other words, a mapping function of mapping the low luminance part and a mapping

function of mapping the high luminance part may be different from each other.

[359] In this case, the third reference luminance value Th of the original image II may

correspond to a target average luminance value Ave_target of a first image 12. In other

words, the third reference luminance value Th is mapped to the target average

luminance value Ave_target. The average luminance value refers to an average of

luminance values output from all pixels included in the display panel 143. The target

average luminance value Ave_target is a target value of the average luminance value.

Such a target average luminance value Ave_target may be defined in advance

according to a type and performance of the display panel 143.

[360] In particular, the third reference luminance value Th of the original image I I may be

the same as a predetermined target average luminance value Ave_target of the first

image 12.

[361] The third mapping function MF3 may include a mapping function MF3-1 of the low

luminance part and a mapping function MF3-2 of the high luminance part.

[362] The low luminance part whose luminance value is less than the third reference

luminance value Th may be linearly mapped as illustrated in FIG. 27. In particular,

when the third reference luminance value Th is the same as the target average

luminance value Ave_target, a luminance value of the low luminance part of the

original image II is the same as a luminance value of the low luminance part of the

first image 12.

[363] Specifically, the low luminance part may be mapped by Equation 2.

[364] [Equation 2]

[365] j _ j

[366] (where, L I denotes a luminance value input to a third mapping function, L2 denotes



a luminance value output from the third mapping function, and Gl denotes a constant)

[367] In Equation 2, a value of Gl may be changed according to the third reference

luminance value Th and the target average luminance value Ave_target. Specifically,

Gl is determined such that the third reference luminance value Th is mapped to the

target average luminance value Ave_target.

[368] In particular, when the third reference luminance value Th is the same as the target

average luminance value Ave_target, Gl has a value of "1."

[369] The high luminance part whose luminance value is greater than the third reference

luminance value Th may be nonlinearly mapped, as illustrated in FIG. 27.

[370] In order to map the high luminance part, Equation 3 may be used.

[371] [Equation 3]

3 2 L2 = o[l - ¾ - l )2 ] + (1 -
[373] (where, L I denotes a luminance value input to a third mapping function, L2 denotes

a luminance value output from the third mapping function, and a and n denote a

constant.)

[374] In Equation 3, a value of "n" may be determined in advance, and a value of a may be

changed according to the maximum luminance value LImax and the minimum

luminance value Llmin of the original image I I included in the entire content C.

[375] The tone mapping module 240 uses the third mapping function MF3 and performs

tone mapping on the original image II.

[376] Specifically, luminance values of all pixels included in the original image II are

input to the third mapping function MF3, and the first image 12 is generated based on

the luminance value output from the third mapping function MF3. In this case, a pixel

whose luminance value is less than the third reference luminance value Th may be

mapped by Equation 2, and a pixel whose luminance value is equal to or greater than

the third reference luminance value Th may be mapped by Equation 3.

[377] The detail enhancement module 250 processes the image 12 on which tone mapping

is performed in order to provide a further vivid image for the user. Here, detail en

hancement may include various image processing techniques such as contrast en

hancement through which a difference between a bright region and a dark region of an

image is maximized, histogram equalization through which a histogram is regulated to

change an image having a low contrast distribution to an image having a uniform

contrast distribution, image sharpening through which an image is finely converted,

and image smoothing through which an image is gently converted.

[378] Hereinafter, operations of the display device 100 according to an embodiment will be

described.

[379] FIG. 28 illustrates another exemplary high dynamic range image display operation of



a display device according to an embodiment.

[380] As illustrated in FIG. 28, the high dynamic range image display operation (1300) of

the display device 100 will be described.

[381] The display device 100 receives an image from the outside (1310). The display

device 100 may receive content from the outside through the content receiving unit

130 and extract the image data ID and the metadata MD included in the received

content.

[382] The metadata MD is data including information on the image data ID, and may

include luminance information of units of scenes or luminance information of units of

frames. Specifically, the metadata MD may include a maximum luminance value, a

minimum luminance value and an average luminance value of the entire content C, a

maximum luminance value, a minimum luminance value and an average luminance

value of an image included in each scene or a maximum luminance value, a minimum

luminance value and an average luminance value of an image forming each frame.

[383] The image data ID and the metadata MD are extracted, and then the display device

100 linearizes the received image (1320). The display device 100 may linearize image

data in order to obtain the original image II.

[384] Specifically, the image processing unit 200 of the display device 100 may use the

second non-linear mapping function F2 and restore the image data to the original

image II. Also, the image processing unit 200 may calculate the luminance in

formation of the original image II based on a color value of each of the pixels included

in the restored original image II.

[385] The image is linearized and then the display device 100 generates the third mapping

function MF3 (1330). The display device 100 may generate the third mapping function

MF3 based on the metadata MD. Specifically, the display device 100 may generate the

third mapping function MF3 based on the maximum luminance value LImax and the

minimum luminance value Llmin of the entire content C.

[386] When a luminance value of a pixel included in the original image I I is less than the

third reference luminance value, the third mapping function MF3 is Equation 2. When

a luminance value of a pixel included in the original image I I is equal to or greater

than the third reference luminance value, the third mapping function MF3 is Equation

3.

[387] The third mapping function MF3 is generated and then the display device 100

performs tone mapping on the original image I I (1340).

[388] Specifically, the display device 100 inputs luminance values of all pixels included in

the original image I I to the third mapping function MF3 and generates the first image

12 based on the luminance value output from the third mapping function MF3. In this

case, when the luminance value is less than the third reference luminance value, the



pixel included in the original image I I may be mapped by Equation 2. When the

luminance value is equal to or greater than the third reference luminance value, the

pixel included in the original image I I may be mapped by Equation 3.

[389] The tone mapping is performed and then the display device 100 performs detail en

hancement on the first image 12 (1350). The display device 100 may perform image

processing such as contrast enhancement on the first image 12 in order to further

vividly display the first image 12.

[390] Specifically, the image processing unit 200 of the display device 100 may perform

detail enhancement such as contrast enhancement on the first image 12 and thus

generate the second image 13.

[391] The detail enhancement is performed and then the display device 100 displays the

image (1360). The display device 100 may display the second image 13 through the

display unit 140.

[392] In this manner, the display device 100 may perform linear tone mapping on the low

luminance region of the original image II and nonlinear tone mapping on the high

luminance region.

[393] FIG. 29 illustrates another exemplary image processing unit included in a display

device according to an embodiment. FIGS. 30 and 3 1 illustrate a fourth mapping

function generated by the image processing unit illustrated in FIG. 29

[394] As illustrated in FIGS. 29, 30 and 31, the image processing unit 200"" may include

the image reception module 205 configured to receive the image data ID and the

metadata MD, the linearization module 210 configured to linearize the image data, a

fourth mapping function generating module 234 configured to generate a tone mapping

function of the high dynamic range image, the tone mapping module 240 configured to

perform tone mapping, and the detail enhancement module 250 configured to perform

a post-processing operation on the image on which tone mapping is performed.

[395] The image reception module 205 extracts the image data ID and the metadata MD

from the content C received by the content receiving unit 130. Here, the content C

includes the image data ID representing the original image and the metadata MD

related to the image data ID. The metadata MD may include luminance information of

the image data ID. When the content C is, for example, a video, the metadata MD may

include at least one of luminance information of the entire content C, luminance in

formation of each scene included in the content C, and luminance information of each

frame included in the content C.

[396] The linearization module 210 may linearize the image data ID received from the

image reception module 205 and analyze a luminance of the linearized image.

Specifically, when the metadata MD of the content C does not include the maximum

luminance value LImax and the minimum luminance value Llmin, the linearization



module 210 may directly calculate the maximum luminance value L Imax and the

minimum luminance value Llmin from the linearized original image.

[397] The fourth mapping function generating module 234 receives the metadata MD from

the image reception module 205 and generates a fourth mapping function MF4 based

on the received metadata MD. Here, the metadata MD may include luminance in

formation of each scene included in the content C, that is, the maximum luminance

value L Imax and the minimum luminance value Llmin of each scene.

[398] Also, the fourth mapping function MF4 may be defined between the maximum

luminance value L Imax and the minimum luminance value Llmin of each scene. In

other words, a maximum value input to the fourth mapping function MF4 is the

maximum luminance value L Imax of a corresponding scene and a minimum value

input to the fourth mapping function MF4 is the minimum luminance value Llmin of

the corresponding scene.

[399] In this manner, by the third mapping function MF3 generated based on the luminance

information of the scene, tone mapping may be performed on the original image I I

included in the corresponding scene. In other words, even if the frame is changed,

when the scene is not changed, the fourth mapping function MF4 is not changed.

However, even if the content C is not changed, when the scene is changed, the fourth

mapping function MF4 is changed.

[400] The fourth mapping function MF4 may be changed according to a scene average

luminance value Ave_scene indicating an average luminance value of the entire scene.

Also, the original image I I may be classified as a low luminance part or a high

luminance part. The low luminance part and the high luminance part may be dif

ferently mapped by the fourth mapping function MF4. In other words, a mapping

function of mapping the low luminance part and a mapping function of mapping the

high luminance part may be different from each other.

[401] First, the fourth mapping function MF4 when the scene average luminance value

Ave_scene is less than a fourth reference luminance value Th will be described.

[402] The fourth mapping function MF4 may include a mapping function MF4-1 of the

low luminance part of the original image I I and a mapping function MF4-2 of the high

luminance part of the original image II.

[403] In this case, the low luminance part and the high luminance part of the original image

I I may be divided based on the fourth reference luminance value Th. Also, the fourth

reference luminance value Th of the original image I I may correspond to the target

average luminance value Ave_target of the first image 12. In other words, the fourth

reference luminance value Th is mapped to the target average luminance value

Ave_target. The average luminance value refers to an average of luminance values

output from all pixels included in the display panel 143. The target average luminance



value Ave_target is a target value of the average luminance value. Such a target

average luminance value Ave_target may be defined in advance according to a type

and performance of the display panel 143. In particular, the fourth reference luminance

value Th of the original image I I may be the same as a predetermined target average

luminance value Ave_target of the first image 12.

] The low luminance part whose luminance value is less than the fourth reference

luminance value Th may be linearly mapped as illustrated in FIG. 30. In particular,

when the fourth reference luminance value Th is the same as the target average

luminance value Ave_target, the luminance value of the low luminance part of the

original image II is the same as the luminance value of the low luminance part of the

first image 12.

] Specifically, the low luminance part may be mapped by Equation 2.

] [Equation 2]

]
'2 l l

] (where, L I denotes a luminance value input to a fourth mapping function, L2 denotes

a luminance value output from the fourth mapping function and Gl is a constant.)

] In Equation 2, a value of Gl may be changed according to the fourth reference

luminance value Th and the target average luminance value Ave_target. Specifically,

Gl is determined such that the fourth reference luminance value Th is mapped to the

target average luminance value Ave_target.

] In particular, when the fourth reference luminance value Th is the same as the target

average luminance value Ave_target, Gl has a value of "1."

] The high luminance part whose luminance value is equal to or greater than the fourth

reference luminance value Th may be nonlinearly mapped as illustrated in FIG. 30.

] The high luminance part may be mapped by Equation 3.

] In this manner, when the scene average luminance value Ave_scene is less than the

fourth reference luminance value Th, the fourth mapping function MF4 generated by

the fourth mapping function generating module 234 is Equation 2 when the luminance

value of the pixel included in the original image II is less than the fourth reference

luminance value Th, or is Equation 3 when the luminance value of the pixel included

in the original image II is equal to or greater than the fourth reference luminance value

Th.

] Next, the fourth mapping function MF4 when the scene average luminance value

Ave_scene is equal to or greater than the fourth reference luminance value Th will be

described..

] The fourth mapping function MF4 may include the mapping function MF4-1 of the

low luminance part of the original image I I and the mapping function MF4-2 of the



high luminance part of the original image II.

[416] In this case, the low luminance part and the high luminance part of the original image

I I are divided based on the scene average luminance value Ave_scene. Also, the scene

average luminance value Ave_scene of the original image II may correspond to the

target average luminance value Ave_target of the first image 12. In other words, the

scene average luminance value Ave_scene is mapped to the target average luminance

value Ave_target. The average luminance value refers to an average of luminance

values output from all pixels included in the display panel 143. The target average

luminance value Ave_target is a target value of the average luminance value. Such a

target average luminance value Ave_target may be defined in advance according to a

type and performance of the display panel 143.

[417] The low luminance part whose luminance value is less than the scene average

luminance value Ave_scene may be linearly mapped as illustrated in FIG. 31.

[418] Specifically, the low luminance part may be mapped by Equation 5.

[419] [Equation 5]

[421] (where, L I denotes a luminance value input to a fourth mapping function, L2 denotes

a luminance value output from the fourth mapping function, and G2 is a constant.)

[422] In Equation 5, a value of G2 may be changed according to the scene average

luminance value Ave_scene and the target average luminance value Ave_target.

Specifically, G2 is determined such that the scene average luminance value Ave_scene

is mapped to the target average luminance value Ave_target.

[423] In particular, when the scene is changed, since the scene average luminance value

Ave_scene is changed, G2 may be changed whenever the scene is changed.

[424] The high luminance part whose luminance value is equal to or greater than the scene

average luminance value Ave_scene may be nonlinearly mapped as illustrated in FIG.

31.

[425] The high luminance part may be mapped by Equation 6.

[426] [Equation 6]

] 2 = a [l - (Li - 2 ] + ( 1 -

[428] (where, L I denotes a luminance value input to a fourth mapping function, Ave_target

denotes a target average luminance value, L2 denotes a luminance value output from

the fourth mapping function, Ave_scene denotes a scene average luminance value, and

a and n are constants.)

[429] In Equation 6, a value of n may be determined in advance, and a value of a may be

determined according to the maximum luminance value LImax and the minimum

luminance value Llmin of the original image I I included in each scene.



[430] In this manner, when the scene average luminance value Ave_scene is equal to or

greater than the fourth reference luminance value Th, the fourth mapping function

MF4 generated by the fourth mapping function generating module 234 is Equation 5

when the luminance value of the pixel included in the original image I I is less than the

scene average luminance value Ave_scene, or is Equation 6 when the luminance value

of the pixel included in the original image I I is equal to or greater than the scene

average luminance value Ave_scene.

[431] The tone mapping module 240 performs tone mapping on the original image II using

the fourth mapping function MF4.

[432] Specifically, the tone mapping module 240 inputs luminance values of all pixels

included in the original image I I to the fourth mapping function MF4 and generates the

first image 12 based on the luminance value output from the fourth mapping function

MF4.

[433] In this case, when the scene average luminance value Ave_scene is less than the

fourth reference luminance value Th, a pixel whose luminance value is less than the

third reference luminance value Th may be mapped by Equation 2, and a pixel whose

luminance value is equal to or greater than the third reference luminance value Th may

be mapped by Equation 3.

[434] Also, when the scene average luminance value Ave_scene is equal to or greater than

the fourth reference luminance value Th, a pixel whose luminance value is less than

the scene average luminance value Ave_scene may be mapped by Equation 5, and a

pixel whose luminance value is equal to or greater than the scene average luminance

value Ave_scene may be mapped by Equation 6.

[435] The detail enhancement module 250 processes the image 12 on which tone mapping

is performed in order to provide a further vivid image for the user. Here, detail en

hancement may include various image processing techniques such as contrast en

hancement through which a difference between a bright region and a dark region of an

image is maximized, histogram equalization through which a histogram is regulated to

change an image having a low contrast distribution to an image having a uniform

contrast distribution, image sharpening through which an image is finely converted,

and image smoothing through which an image is gently converted.

[436] Hereinafter, operations of the display device 100 according to an embodiment will be

described.

[437] FIG. 32 illustrates another exemplary high dynamic range image display operation of

a display device according to an embodiment.

[438] As illustrated in FIG. 32, the high dynamic range image display operation (1400) of

the display device 100 will be described.

[439] The display device 100 receives an image from the outside (1210). The display



device 100 may receive content from the outside through the content receiving unit

130 and extract the image data ID and the metadata MD included in the received

content.

[440] The metadata MD is data including information on the image data ID, and may

include luminance information of units of scenes or luminance information of units of

frames. Specifically, the metadata MD may include a maximum luminance value, a

minimum luminance value and an average luminance value of the entire content C, a

maximum luminance value, a minimum luminance value and an average luminance

value of an image included in each scene or a maximum luminance value, a minimum

luminance value and an average luminance value of an image forming each frame.

[441] The image data ID and the metadata MD are extracted, and then the display device

100 linearizes the received image (1420). The display device 100 may linearize image

data in order to obtain the original image II.

[442] Specifically, the image processing unit 200 of the display device 100 may use the

second non-linear mapping function F2 and restore the image data to the original

image II. Also, the image processing unit 200 may calculate the luminance in

formation of the original image II based on a color value of each of the pixels included

in the restored original image II.

[443] The image is linearized and then the display device 100 generates the fourth mapping

function MF4 (1330). The display device 100 may generate the fourth mapping

function MF4 based on the metadata MD. Specifically, the display device 100 may

generate the fourth mapping function MF4 based on the maximum luminance value

L Imax, the minimum luminance value Llmin and the scene average luminance value

Ave_scene of each scene.

[444] Specifically, when the scene average luminance value Ave_scene is less than the

fourth reference luminance value Th, the fourth mapping function MF4 is Equation 2

when the luminance value of the pixel included in the original image I I is less than the

fourth reference luminance value Th, or is Equation 3 when the luminance value of the

pixel included in the original image I I is equal to or greater than the fourth reference

luminance value Th.

[445] When the scene average luminance value Ave_scene is equal to or greater than the

fourth reference luminance value Th, the fourth mapping function MF4 is Equation 5

when the luminance value of the pixel included in the original image I I is less than the

scene average luminance value Ave_scene, or is Equation 6 when the luminance value

of the pixel included in the original image I I is equal to or greater than the scene

average luminance value Ave_scene.

[446] The fourth mapping function MF4 is generated and then the display device 100

performs tone mapping on the original image I I (1440).



[447] Specifically, the display device 100 inputs luminance values of all pixels included in

the original image I I to the fourth mapping function MF4 and generates the first image

12 based on the luminance value output from the fourth mapping function MF4.

[448] In this case, when the scene average luminance value Ave_scene is less than the

fourth reference luminance value Th, a pixel whose luminance value is less than the

third reference luminance value Th may be mapped by Equation 2, and a pixel whose

luminance value is equal to or greater than the third reference luminance value Th may

be mapped by Equation 3.

[449] Also, when the scene average luminance value Ave_scene is equal to or greater than

the fourth reference luminance value Th, a pixel whose luminance value is less than

the scene average luminance value Ave_scene may be mapped by Equation 5, and a

pixel whose luminance value is equal to or greater than the scene average luminance

value Ave_scene may be mapped by Equation 6.

[450] The tone mapping is performed and then the display device 100 performs detail en

hancement on the first image 12 (1450). The display device 100 may perform image

processing such as contrast enhancement on the first image 12 in order to further

vividly display the first image 12.

[451] Specifically, the image processing unit 200 of the display device 100 may perform

detail enhancement such as contrast enhancement on the first image 12 and thus

generate the second image 13.

[452] The detail enhancement is performed and then the display device 100 displays the

image (1460). The display device 100 may display the second image 13 through the

display unit 140.

[453] In this manner, the display device 100 may perform linear tone mapping on the low

luminance region of the original image II and nonlinear tone mapping on the high

luminance region.

[454] Although a few embodiments have been shown and described, it would be ap

preciated by those skilled in the art that changes may be made in these embodiments

without departing from the principles and spirit of the embodiments, the scope of

which is defined in the claims and their equivalents.



Claims
A display device, comprising:

a content receiving unit configured to receive a high dynamic range

image and luminance information of the high dynamic range image

where the high dynamic range image is an input image having an image

dynamic range greater than a display dynamic range of the display

device;

an image processing unit configured to perform tone mapping based on

the luminance information to convert the high dynamic range image

into a low dynamic range image; and

a display unit configured to display the low dynamic image,

wherein the luminance information includes an image maximum

luminance value and an image minimum luminance value of the high

dynamic range image.

The display device according to claim 1, wherein the luminance in

formation includes a scene maximum luminance value and a scene

minimum luminance value of the high dynamic range image included

in a scene.

The display device according to claim 1, wherein the luminance in

formation includes a frame maximum luminance value and a frame

minimum luminance value of the high dynamic range image included

in a frame.

The display device according to claim 1, wherein the luminance in

formation includes a content maximum luminance value and a content

minimum luminance value of the high dynamic range image included

in an entire content.

The display device according to claim 1, wherein the image processing

unit detects a first region where the luminance value is equal to or

greater than a reference luminance value within the high dynamic range

image, and performs tone mapping on a region image of the first region

based on feature information of the region image of the first region, and

wherein the feature information includes at least one of edge in

formation, texture information and gradation information.

The display device according to claim 5, wherein the image processing

unit detects an edge region within the region image of the first region

and generates a first mapping function based on a histogram of pixels

included in the edge region.



The display device according to claim 6, wherein the first mapping

function has a gradient that is changed according to a number of pixels

included in the edge region.

The display device according to claim 7, wherein, in the first mapping

function, a gradient of luminance values at which the number of pixels

included in the edge region is a first value is greater than a gradient of

luminance value at which the number of pixels included in the edge

region is a second value smaller that the first value.

The display device according to claim 6, wherein the first mapping

function is a cumulative histogram obtained by integrating a histogram

of pixels included in the edge region.

The display device according to claim 5, wherein the image processing

unit detects a texture region within the region image of the first region

and generates a first mapping function based on a histogram of pixels

included in the texture region.

The display device according to claim 5, wherein the image processing

unit detects a gradation region within the region image of the first

region and generates a first mapping function based on a histogram of

pixels included in the gradation region.

The display device according to claim 5, wherein the image processing

unit generates a second mapping function based on a luminance value

of the high dynamic range image.

The display device according to claim 12, wherein the image

processing unit performs second function tone mapping according to

the second mapping function on the high dynamic range image to

produce a tone mapped image, and performs first function tone

mapping according to the first mapping function on the tone mapped

image on which the second tone mapping is performed.

The display device according to claim 5, wherein the image processing

unit generates a second mapping function based on a luminance value

of a second region whose luminance value is less than the reference

luminance value within the high dynamic range image.

The display device according to claim 14, wherein the image

processing unit generates a tone mapping function based on the first

mapping function and the second mapping function, and converts the

high dynamic range image into the low dynamic range image according

to the tone mapping function.

The display device according to claim 1, wherein the image processing



unit performs linear tone mapping on a first pixel whose luminance

value is less than a reference luminance value among a plurality of

pixels included in the high dynamic range image, and performs

nonlinear tone mapping on a second pixel whose luminance value is

equal to or greater than the reference luminance value among the

plurality of pixels.

[Claim 17] The display device according to claim 1, wherein, when a scene

average luminance value of the high dynamic range image included in a

scene is less than a reference luminance value, the image processing

unit performs linear tone mapping on a first pixel whose luminance

value is less than the reference luminance value among a plurality of

pixels included in the high dynamic range image and performs

nonlinear tone mapping on a second pixel whose luminance value is

equal to or greater than the reference luminance value among the

plurality of pixels.

[Claim 18] The display device according to claim 1, wherein, when a scene

average luminance value of the high dynamic range image included in a

scene is equal to or greater than a reference luminance value, the image

processing unit performs linear tone mapping on a first pixel whose

luminance value is less than the scene average luminance value among

a plurality of pixels included in the high dynamic range image and

performs nonlinear tone mapping on a second pixel whose luminance

value is equal to or greater than the scene average luminance value

among the plurality of pixels.

[Claim 19] A method of controlling a display device, comprising:

receiving a high dynamic range image and luminance information of

the high dynamic range image where the high dynamic range image is

an input image having an image dynamic range greater than a display

dynamic range of the display device;

performing tone mapping based on the luminance information to

convert the high dynamic range image into a low dynamic range image;

and

displaying the low dynamic image,

wherein the luminance information includes an image maximum

luminance value and an image minimum luminance value of the high

dynamic range image.

[Claim 20] The method according to claim 19, wherein the luminance information

includes a scene maximum luminance value and a scene minimum



luminance value of the high dynamic range image included in a scene.

The method according to claim 19, wherein the luminance information

includes a frame maximum luminance value and a frame minimum

luminance value of the high dynamic range image forming a frame.

The method according to claim 19, wherein the luminance information

includes a content maximum luminance value and a content minimum

luminance value of the high dynamic range image included in an entire

content.

The method according to claim 19,

wherein the performing tone mapping includes:

detecting a first region where the luminance value is equal to or greater

than a reference luminance value within the high dynamic range image,

generating a tone mapping function based on feature information of a

region image of the first region; and

performing tone mapping on the high dynamic range image according

to the tone mapping function to convert the high dynamic range image

into the low dynamic image, and

wherein the feature information includes at least one of edge in

formation, texture information and gradation information of the high

dynamic range image.

A method, comprising:

determining a first region of an image having a luminance higher than a

second region of the image;

determining first and second mapping functions corresponding to the

first and second regions, where the first mapping function enhances one

or more image features and the second mapping function increases

brightness; and

mapping the image using the first and second mapping functions re

sponsive to luminance to preserve brightness of the image of the second

region and preserve feature information of the image of the first region.

The method according to claim 24, further comprising:

concatenating the first and second mapping functions producing a con

catenated mapping function,

wherein the mapping of the image includes:

mapping the image using the concatenated mapping function re

sponsive to image luminance.
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