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METHOD AND APPARATUS FOR COLOR-PRESERVING

SPECTRUM RESHAPE
RELATED APPLICATION
[001] The present application claims priority from U.S. Provisional Patent

Application No. 62/300,794, filed February 27, 2016, the content of which is

incorporated by reference in its entirety herein.

TECHNICAL FIELD
[002] This disclosure relates to display devices and, in particular, to methods
and apparatus to reduce the amount of harmful blue light while preserving the color

fidelity of the display devices.

BACKGROUND

[003] A plethora of health issues may occur when human eyes are exposed to
blue light for an extended period of time. For example, long absorption of blue light
around the wavelength of 482 nm at night by the light sensitive cells called “intrinsically
photosensitive retinal ganglion cells” (ipRGCs) on human retina can cause harmful
changes to the human circadian clock. The harmful effects may include insomnia and
low sleep quality. Blue light at the high energy wavelengths (380-420 nm) can cause
other types of health issues as well.  Although simply applying a blue light blocker to a
display device can reduce the harmful blue light, the blue light blocker adversely
generates unpleasant yellowish and/or pinkish effects on the display. The degradation
of image quality is undesirable for commercial products such as, for example, TVs,

smartphones, and computers.
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SUMMARY

[004] The following is a simplified summary of the disclosure in order to
provide a basic understanding of some aspects of the disclosure. This summary is not
an extensive overview of the disclosure. It is intended to neither identify key or critical
elements of the disclosure, nor delineate any scope of the particular implementations of
the disclosure or any scope of the claims. Its sole purpose is to present some concepts
of the disclosure in a simplified form as a prelude to the more detailed description that is
presented later.

[005] Implementations of the disclosure may include a system including an light
emitter to generate a primary light, a filter to filter the primary light to substantially
remove a spectrum energy in a wavelength band, a display device to present visual
content using the filtered primary light, and a processing device to receive a visual
content, calculate, in view of the filtered primary light, a metamer of the visual content,
and provide, to the display device, the metamer of the visual content to display in view of
the filtered light.

[006] Implementations of the present disclosure may include a method including
receiving, by a processing device, a visual content to be displayed on a display device,
filtering a primary light, emitted from a light source associated with the display device, to
substantially remove a spectrum energy in a wavelength band, calculating, in view of the
filtered primary light, a metamer of the visual content, and providing , to the display
device, the metamer of the visual content to display in view of the filtered light.

[007] Implementations of the disclosure may include a machine-readable non-
transitory storage medium storing instructions which, when executed, cause a processing
device to perform operations including receiving, by the processing device, a visual
content to be displayed on a display device, wherein a primary light associated with the
display device is filtered to substantially remove a spectrum energy in a wavelength band,
calculating, in view of the filtered primary light, a metamer of the visual content, and
providing, to the display device, the metamer of the visual content to display in view of

the filtered light.
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BRIEF DESCRIPTION OF THE DRAWINGS

[008] The present disclosure is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings.

[009] The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will

be provided by the Office upon request and payment of the necessary fee.

[0010] FIG. 1 illustrates a system according to an implementation of the present
disclosure.
[0011] FIG. 2 illustrates the spectral transmittance profile of a resulting blue light

blocker according to an implementation of the present disclosure.

[0012] FIG. 3 illustrates a flow diagram of a method to perform color
compensation according to an implementation of the present disclosure.

[0013] FIGS. 4A - 4C illustrate the effects of blue light blocker and color
compensation according to an implementation of the present disclosure.

[0014] FIGS. SA-5B illustrate the spectrum energy for blue color areas according
to an implementation of the present disclosure.

[0015] FIG. 6 illustrates a flow diagram of a method to perform color-preserving
spectrum reshaping according to an implementation of the disclosure.

[0016] FIG. 7 is a block diagram illustrating an exemplary computer system,

according to some implementations of the disclosure.
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DETAILED DESCRIPTION

[0017] To correct the above-noted and other deficiencies of existing systems,
implementations of the present disclosure provide systems and methods that reduce the
spectrum energy of the harmful blue light while preserving the overall color fidelity of a
visual content (e.g., image or video) presented on a display device. Implementations of
the present disclosure include a combination of blue light blocking filter (referred to as
blue light blocker) that may remove the spectrum energy within a selected wavelength
band (e.g., the blue light band) and a color compensation processor to correct color
distortions. It should be understood that implementations of the disclosure can be
applied to any targeted wavelength bands including those other than the blue light band.
The blue light blocker is applied to a light source of the display device while the color
compensation is applied to the pixel values of the visual content. The combination of
the blue light blocker and the color compensation may result in displaying a metamer of
the input visual content on the display device, where the metamer is perceived by an
average human observer substantially identical as the input visual content but with
substantially reduced harmful blue light spectrum energy.

[0018] In this disclosure, a display device is a visual output device including
suitable types of control circuits and display panels to present colored visual content,
where the display panels include, but not limited to, liquid crystal display (LCD) panels,
light-emitting diode display (LED) panels, and organic light-emitting diode display
(OLED) panels. These display panels can be used in any suitable types of apparatus
including, but not limited to, television sets (TVs), computer monitors, mobile phone
(e.g., smart phone) screens, head-mounted displays, large format screens (e.g., movie
screens), and medical device monitors. The display device can present two-dimensional
visual content on a flat (or slightly curved) display panels or three-dimensional visual
content in a virtual reality environment.

[0019] FIG. 1 illustrates a system 100 according to an implementation of the
present disclosure. System 100 can be suitable hardware devices including such as, for
example, television sets (TVs), computer monitors, mobile phone (e.g., smart phone)
screens, head-mounted displays, large format screens (e.g., movie screens), and medical

device monitors. As shown in FIG. 1, system 100 may include a processing device 102,
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a light emitter 104, a blue light blocker 106, and a display device 108. In one
implementation, display device 108 may further include control circuit 110 to drive one
or more display panels.

[0020] Processing device 102 can be a general-purpose processor such as, for
example, a central processing unit (CPU) or a graphic processing unit (GPU) that can be
programmed to perform the color compensation. Alternatively, processing device 102
can be an application-specific integrated circuits (ASICs) implementing the color
compensation. In one implementation, processing device 102 may receive visual
content (e.g., images or videos) stored in a memory (not shown) in system 100. In
another implementation, processing device 102 may receive visual content from a content
source external to system 100. The visual content may be represented by an array of
pixel values defined according to an image representation format. For example, an
image can be represented by a two-dimensional array of pixels, and a video can be
represented by a stack of two-dimensional arrays of pixels. Each pixel value may
include a red color intensity value (R), a green color intensity value (G), and a blue color
intensity value (B) in the RGB format.

[0021] Light emitter 104 may include hardware components to generate three
primary color light sources (referred to as the primaries) including a red light source (1), a
green light source (g), and a blue light source (b). Control circuit 110 may modulate the
intensities of different light sources based on the pixel values of the visual content to
generate the visual display on the display panel in display device 108. In one
implementation (e.g., LCDs), light emitter 104 may be a light source generator separate
from display device 108. In another implementation (e.g., OLEDs), light emitter 104
may be an integral part of display device 108 (e.g., as a layer in the OLED panel). In
some implementations, the primaries associated with display device 108 are designed
according to a fixed protocol. Thus, the blue primary light source cannot be changed.

A blue light blocker 106, therefore, may be used to reduce the spectrum energy of blue
light in targeted wavelength bands.

[0022] Blue light blocker 106 can be a hardware filter that substantially removes
the spectrum energy in one or more targeted wavelength bands, where a wavelength band

can be in the blue light wavelength section. Blue light blocker 106 may perform the
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filtering at light emitter 104, on the light path between light emitter 104 and display
device 108, or at the receiver (e.g., the viewer).

[0023] For example, light blocker 106 can be a logic circuit or a coating material
(e.g., a semiconductor material that can selectively block a wavelength band) in light
emitter 104 to directly remove the blue light spectrum energy in the emitted primaries.

In another example, light blocker 106 can be a glass coated with chemical agents to
selectively filter out the spectrum energy in the targeted blue light wavelength bands.

The blue light blocker 106 in the form of coated glass can be placed in the light path
between light emitter 104 and display device 108. In yet another example, the blue light
blocker 106 can be part of a head-mounted device (e.g., a pair of wearable glasses coated
with filtering agents).

[0024] Blue light blocker 106 may filter the primary light sources generated from
light emitter 104 to produce filtered primary light sources. Without color compensation,
the display of the visual content in view of the filtered primary light sources is distorted
with the unpleasant yellowish and/or pinkish effects. To compensate the effects due to
the blue light blocker 106, processing device may perform color compensation to the
input visual content and display the color-compensated visual content on display device
108. To perform the color compensation, processing device 102 may, at 112, receive
the visual content from a memory or from an external content source. Processing device
102 may, at 114, perform color compensation to generate a metamer of the input visual
content in view of the filtered light. Processing device 102 may, at 116, present the
metamer of the visual content to display device 108. Thus, the displayed visual content
generated by system 100 may be a metamer of the input visual content that induces
minimum harmful perceptual response (e.g., ipRGC response) from human observers.
[0025] Following sections include exemplary implementations of the blue light

blocker and color compensation.

Blue Light Blocker

[0026] Display device 108 may be associated with a display gamut volume which
includes all the colors that the display device 108 can reproduce. When the blue light

blocker is applied to the primary light sources, the number of colors can be reproduced by
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display device 108 may reduce, thus resulting in a smaller display gamut volume.
Implementation of the present disclosures include a blue light blocker that is designed to
minimize both the spectrum energy in the blue light wavelength band and the reduction
of the display gamut volume. In particular, the blue light blocker is to minimize a
weighted sum of the spectrum energy in the blue light wavelength band and maximize the
display gamut volume.
[0027] Given the RGB values (R, G, B) of a pixel, the emission spectrum d(A) of
the pixel can be described as

d(4) = 1r(R)r(A) + 16(G)g(4) + 13(B)b(2), (1)
where #z(-), t¢(-), and 7z(-) denote the luminance transfer functions of the display for R,
G, and B channels, respectively, and r(4), g(4), and b(1) are the spectra of the three
corresponding display primaries. In some implementations, #g(-), #5(-), and 75(-) can be
modeled as gamma functions.  After applying a blue light blocker with spectral
transmittance function F(4) to the primaries, the emission spectrum is F(4)d(%). The
colors that an average human observer can perceive can be represented in an XYZ space
(X,Y,Z). Using color matching functions (x(4), y(4), z(4)), the RGB values of a pixel

may be converted into XYZ values as follows:

X < Fd,x> <Fr,x> <Fg,x> <Fb,x> | t,(R) R,
Y |=|<Fd,y>|=|<Fg,y> <Fg,y> <Fby>|t.(G)|=H.| G, |, (2)
Z <Fd,z> <Fb,z> <Fg,z> <Fb,z> |t,(B) B,

where <-, ->is the inner product of two functions within a targeted wavelength band
(e.g., the visible light wavelength range of 400 nm — 700 nm), (R;, G, Br) denotes the
linearized RGB values (which are computed using the luminance transfer functions (#x(-),
t(+), tp(+)), and Hp denotes the transfer matrix from the linearized RGB value space to
the XYZ value space. The subscript F indicates that the transfer matrix is determined
by the spectral transmittance function F(4) of the blue light blocker. The display gamut
D is the set of all displayable XYZ values, i.e., those XYZ values corresponding to all
linearized RGB values within the RGB space range. The display gamut volume can be

determined by
|D|| = det(H ), 3)

where det(-) is the determinant operator.
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[0028] With respect to a spectral sensitivity profile m(4) of retina cells (e.g.,
ipRGC), the response I induced by F(4)d(4) of the blue light blocker can be represented
by

I =<Fd,m>=v.(R, G, B,) 4)
where, assuming that the expected values of Ry, G, By, are the same, vy represents
perceived spectrum energy of the light. The blue light blocker function #(4) can be

designed by solving the following optimization problem

arg rnin(— (det(H )* +w,|v, [ ) subject to:0< F(A)<1,VYAe[fb,., b1, (5)
F(A)

where w; is a weight parameter, II-l; is the L2 norm, fby, is the lower wavelength bound of
the blue light blocker, and fby; is the higher wavelength bound of the blue light blocker.
In one implementation, the lower bound is approximately 400 nm, and the higher bound
is approximately 700 nm, where the lower and higher bounds approximately match the
wavelength range of visible light. Thus, the blue light blocker can be designed to
maximize the display gamut volume while minimizing the blue light spectrum energy
perceived by ipRGC. The larger display gamut volume as a result of solving the
optimization problem can provide more colors for the color compensation to choose and
help restore the color fidelity of the display after the filtering primaries by blue light
blocker 106.

[0029] The optimization problem as shown in Equation (5) can be solved using a
suitable optimization solver such as, for example a gradient descent approach. For
example, F(1) can be represented by uniform samples Fy, F,, . . . , F, within the band of
[fbio, tbyi]. These samples Fy, Fa, . . ., F, can be derived by solving the optimization
problem using the gradient descent method.

[0030] FIG. 2 illustrates the spectral transmittance profile 200 of a resulting blue
light blocker according to an implementation of the present disclosure. The blue light
blocker, as shown in FIG. 2, includes a stop band 202 to remove spectrum energy from
approximately 450 nm to 525 nm. The stop band 202 may effectively remove blue light
to which the ipRGC is sensitive. Once the spectrum distribution of the blue light
blocker is determined, a hardware light filter can be manufactured with substantially the

same spectrum distribution.
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[0031] In addition to the stop band designed to block blue light generating
responses on ipRGC, the blue light blocker can be designed to block other bands of
wavelengths. For example, the blue light blocker can have a stop band to remove the
spectrum energy in the ultraviolet wavelength range or other color wavelength range. In
another implementation, the blue light blocker can have multiple stop bands that may

remove spectrum energy from multiple wavelength ranges.

Color Compensation

[0032] Blue light blocker, when applied alone without color compensation, may
produce unpleasant visual effects. Implementations of present disclosure apply color
compensation to the pixel values, producing a metamer of the input visual content that
can be displayed, in view of the filtered primary light sources, on display device 108 with
sufficient color fidelity. In one implementation, the color compensation may include
determining whether a pixel value falls within the display gamut volume. Responsive to
determining that the pixel value falls within the display gamut volume, the XYZ value of
the pixel is preserved. Responsive to determining that the pixel value is outside the
display gamut volume, the hue and saturation value of the pixel are preserved while
compressing the lightness value of the pixel.

[0033] FIG. 3 illustrates a flow diagram of a method 300 to perform color
compensation according to an implementation of the present disclosure. The method
may be performed by processing logic that comprises hardware (e.g., circuitry, dedicated
logic, programmable logic, microcode, etc.), software (e.g., instructions run on a
processing device to perform hardware simulation), or a combination thereof.

[0034] For simplicity of explanation, the methods of this disclosure are depicted
and described as a series of acts. However, acts in accordance with this disclosure can
occur in various orders and/or concurrently, and with other acts not presented and
described herein. Furthermore, not all illustrated acts may be required to implement the
methods in accordance with the disclosed subject matter. In addition, those skilled in
the art will understand and appreciate that the methods could alternatively be represented
as a series of interrelated states via a state diagram or events. Additionally, it should be

appreciated that the methods disclosed in this specification are capable of being stored on
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an article of manufacture to facilitate transporting and transferring such methods to
computing devices. The term “article of manufacture,” as used herein, is intended to
encompass a computer program accessible from any computer-readable device or storage
media. In one implementation, the methods may be performed by processing device
102 as shown in FIG. 1.
[0035] Referring to FIG. 1, at 302, processing device 102 may first calculate the
linearized RGB values from the RGB values for pixels of an input content using the
luminance transfer functions as:

(R,,.G,,.B,,) = (1, (R)).1;(G).1,(B,)), (6)
where (Ro, Go, B,) are the original RGB values, (Ro1, Gor, Boy) are the linearized RGB
values, and (#&(-), t(-), 15(-)) are the luminance transfer functions. To generate the
metamer of the original visual content, the eventual compensated RGB values (R. 1, Gc 1,
B. 1), when shown on display device 108 using blue light blocker 106, should be identical
or substantially identical to the original pixel. In practice, however, after applying a
forward transformation using the transfer matrix without the blue light blocker and then
applying an inverse transformation using the transfer matrix with the blue light blocker to
the linearized RGB values, the resulting RGB value can be out of the RGB value range
(e.g., [0, 1]), indicating that a matching XYZ values may not exist due to the limited
display gamut volume. These out-of-gamut pixels cannot be displayed on display
device 108.
[0036] Implementations of the present disclosure may identify an in-gamut match
for the out-of-gamut pixel. The in-gamut matching pixel may have identical hue value
and saturation value as the out-of-gamut pixel, but a compressed lightness value. The
in-gamut matching pixel may be used to replace the corresponding out-of-gamut pixel.
To this end, at 304, processing device may further calculate the CIELAB color space
representation of a pixel. The CIELAB color space representation includes the
perceptual attributes (L, a, b) from which lightness value (e.g., using L), hue value (e.g.,
using a and b), and saturation value (e.g., using ¢ and b) can be derived. The LAB

values (L, a,, b,) are obtained by

[L,a, b] =AHI[R,, G,, BoqL]T), (7

o

-10-
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where A 1is the transformation matrix between the XYZ space to the CIELAB space,
and H represents the transfer matrix from the RGB space to the XYZ space without using
the blue light blocker 106.

[0037] At 306, processing device 102 may calculate a scaling factor (K) map
which is a two-dimensional array with the same size as the pixel array. Each data point
in the scaling factor map is a scaling factor (K) that is to be applied to the lightness value
(L) of the corresponding pixel. The scaling factor (K) and the compensated RGB values

can be calculated as:

max K bje <1 8
ar a ,SU ct fto: .
g K ] RC,L’(;C,L’B <1, ( )

c,L —

where, [R., G., B, ,I"=H; A" (KL,a, b,1"). (9

Processing device 102 may apply the scaling factor K to each pixel as shown in Equation
(9). The application of the scaling factor (K) ensures that the compensated RGB values
(Rer, GeL, Ber) are in the display gamut volume of display device 108.

[0038] In one implementation, the application of the scaling factor (K) directly to
the lightness may result in degradation of details in the displayed visual content. To
improve the display quality, at 310, processing device 102 may optionally apply an edge
preserving filter or a low-pass filter to the scaling factor (K) map to generate a second
scaling factor (K’) map. At 312, processing device 102 may apply the second scaling
factor (K”) to the lightness value in each pixel, resulting in a metamer of the visual
content input.  After scaling, processing device 102 may convert the scaled CIELAB

values (K'L,.a,.b,) back to the linearized RGB values and then RGB values using the

luminance transfer functions (#z(-), tg(+), tg(*)).

[0039] One aspect of the color compensation in this disclosure is that the color
compensation does not shift the “white point” of the display device. A “white point” of
a display device is the color that serves to define the white color.  Since the color
compensation as described in the disclosure maintains the hue of pixels, the “white point”

of the display device is also preserved. An invariant “white point” after color

compensation may help prevent the occurrence of the unpleasant color-shifting problem.

-11-
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Experiment Results

[0040] FIGS. 4A - 4C illustrate the effects of blue light blocker and color
compensation according to an implementation of the present disclosure. FIG. 4A
illustrates an original image; FIG. 4B illustrates the effect of applying the blue light
blocker alone to the original image; FIG. 4C illustrates the effect of applying both the
blue light blocker and the color compensation to the original image. As shown in FIG.
4B, the application of blue light blocker may produce the unpleasant yellowish/pinkish
effects on the display. As shown in FIG. 4C, the combination of blue light blocker and
color compensation as described in this disclosure may produce a display with color
fidelity of the original image.

[0041] FIGS. SA-5B illustrate the spectrum energy for blue color areas according
to an implementation of the present disclosure. As shown in FIGS. SA-5B, the blue
area B in FIG. 5B has almost no power in the sensitive band for ipRGC. In contrast, the
blue area A in FIG. SA has significant power in the sensitive band for ipRGC. Thus,
the combination of the blue light blocker and the color compensation may help
substantially eliminate the spectrum energy of in targeted wavelength bands while
preserving the color fidelity of the visual display.

[0042] FIG. 6 illustrates a flow diagram of a method 600 to perform color-
preserving spectrum reshaping according to an implementation of the disclosure.

[0043] At 602, the processing device may receive, by the processing device, a
visual content to be displayed on a display device, wherein a primary light associated
with the display device is filtered to substantially remove a spectrum energy in a
wavelength band.

[0044] At 604, the processing device may calculate, in view of the filtered
primary light, a metamer of the visual content.

[0045] At 606, the processing device may provide, to the display device, the
metamer of the visual content to display in view of the filtered light.

[0046] FIG. 7 illustrates a diagrammatic representation of a machine in the
exemplary form of a computer system 700 within which a set of instructions, for causing
the machine to perform any one or more of the methodologies discussed herein, may be

executed. In alternative implementations, the machine may be connected (e.g.,

-12-
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networked) to other machines in a LAN, an intranet, an extranet, or the Internet. The
machine may operate in the capacity of a server or a client machine in client-server
network environment, or as a peer machine in a peer-to-peer (or distributed) network
environment. The machine may be a personal computer (PC), a tablet PC, a set-top box
(STB), a Personal Digital Assistant (PDA), a cellular telephone, a web appliance, a
server, a network router, switch or bridge, or any machine capable of executing a set of
instructions (sequential or otherwise) that specify actions to be taken by that machine.
Further, while only a single machine is illustrated, the term “machine” shall also be taken
to include any collection of machines that individually or jointly execute a set (or
multiple sets) of instructions to perform any one or more of the methodologies discussed
herein.

[0047] The exemplary computer system 700 includes a processing device
(processor) 702, a main memory 704 (e.g., read-only memory (ROM), flash memory,
dynamic random access memory (DRAM) such as synchronous DRAM (SDRAM) or
Rambus DRAM (RDRAM), etc.), a static memory 706 (e.g., flash memory, static random
access memory (SRAM), etc.), and a data storage device 718, which communicate with
each other via a bus 708.

[0048] Processor 702 represents one or more general-purpose processing devices
such as a microprocessor, central processing unit, or the like. More particularly, the
processor 702 may be a complex instruction set computing (CISC) microprocessor,
reduced instruction set computing (RISC) microprocessor, very long instruction word
(VLIW) microprocessor, or a processor implementing other instruction sets or processors
implementing a combination of instruction sets. The processor 702 may also be one or
more special-purpose processing devices such as an application specific integrated circuit
(ASIC), a field programmable gate array (FPGA), a digital signal processor (DSP),
network processor, or the like. The processor 702 is configured to execute instructions
726 for performing the operations and steps discussed herein.

[0049] The computer system 700 may further include a network interface device
722. The computer system 700 also may include a video display unit 710 (e.g., a liquid
crystal display (LCD), a cathode ray tube (CRT), or a touch screen), an alphanumeric

-13-
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input device 712 (e.g., a keyboard), a cursor control device 714 (e.g., a mouse), and a
signal generation device 720 (e.g., a speaker).

[0050] The data storage device 718 may include a computer-readable storage
medium 724 on which is stored one or more sets of instructions 726 (e.g., software)
embodying any one or more of the methodologies or functions described herein (e.g.,
instructions of the annotation subsystem 112). The instructions 726 may also reside,
completely or at least partially, within the main memory 704 and/or within the processor
702 during execution thereof by the computer system 700, the main memory 704 and the
processor 702 also constituting computer-readable storage media. The instructions 726
may further be transmitted or received over a network 774 via the network interface
device 722.

[0051] While the computer-readable storage medium 724 is shown in an
exemplary implementation to be a single medium, the term “computer-readable storage
medium” should be taken to include a single medium or multiple media (e.g., a
centralized or distributed database, and/or associated caches and servers) that store the
one or more sets of instructions. The term “computer-readable storage medium” shall
also be taken to include any medium that is capable of storing, encoding or carrying a set
of instructions for execution by the machine and that cause the machine to perform any
one or more of the methodologies of the present disclosure. The term “computer-
readable storage medium” shall accordingly be taken to include, but not be limited to,
solid-state memories, optical media, and magnetic media.

[0052] In the foregoing description, numerous details are set forth. It will be
apparent, however, to one of ordinary skill in the art having the benefit of this disclosure,
that the present disclosure may be practiced without these specific details. In some
instances, well-known structures and devices are shown in block diagram form, rather
than in detail, in order to avoid obscuring the present disclosure.

[0053] Some portions of the detailed description have been presented in terms of
algorithms and symbolic representations of operations on data bits within a computer
memory. These algorithmic descriptions and representations are the means used by
those skilled in the data processing arts to most effectively convey the substance of their

work to others skilled in the art.  An algorithm is here, and generally, conceived to be a
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self-consistent sequence of steps leading to a desired result. The steps are those
requiring physical manipulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated. It has
proven convenient at times, principally for reasons of common usage, to refer to these
signals as bits, values, elements, symbols, characters, terms, numbers, or the like.

[0054] It should be borne in mind, however, that all of these and similar terms are
to be associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the
following discussion, it is appreciated that throughout the description, discussions
utilizing terms such as "calculating", "applying", "determining", “identifying,”
"providing" or the like, refer to the actions and processes of a computer system, or similar
electronic computing device, that manipulates and transforms data represented as
physical (e.g., electronic) quantities within the computer system's registers and memories
into other data similarly represented as physical quantities within the computer system
memories or registers or other such information storage, transmission or display devices.
[0055] The disclosure also relates to an apparatus for performing the operations
herein. This apparatus may be specially constructed for the required purposes, or it may
include a general purpose computer selectively activated or reconfigured by a computer
program stored in the computer. Such a computer program may be stored in a computer
readable storage medium, such as, but not limited to, any type of disk including floppy
disks, optical disks, CD-ROMs, and magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), EPROMs, EEPROMs, magnetic or optical
cards, or any type of media suitable for storing electronic instructions.

[0056] The words “example” or “exemplary” are used herein to mean serving as
an example, instance, or illustration. Any aspect or design described herein as
“example’ or “exemplary” is not necessarily to be construed as preferred or advantageous
over other aspects or designs. Rather, use of the words “example” or “exemplary” is
intended to present concepts in a concrete fashion. As used in this application, the term
“or” is intended to mean an inclusive “or” rather than an exclusive “or”. That is, unless

specified otherwise, or clear from context, “X includes A or B” is intended to mean any
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of the natural inclusive permutations. That is, if X includes A; X includes B; or X
includes both A and B, then “X includes A or B” is satisfied under any of the foregoing
instances. In addition, the articles “a” and “an” as used in this application and the
appended claims should generally be construed to mean “one or more” unless specified
otherwise or clear from context to be directed to a singular form. Moreover, use of the
term “an embodiment” or “one embodiment” or “an implementation” or “one
implementation” throughout is not intended to mean the same embodiment or
implementation unless described as such.

[0057] Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, the
appearances of the phrase “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same embodiment.

In addition, the term “or” is intended to mean an inclusive “or” rather than an exclusive
“or.”

[0058] It is to be understood that the above description is intended to be
illustrative, and not restrictive. Many other implementations will be apparent to those of
skill in the art upon reading and understanding the above description. The scope of the

disclosure should, therefore, be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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CLAIMS

What is claimed is:
1. A system, comprising:
an light emitter to generate a primary light;
a filter to filter the primary light to substantially remove a spectrum energy in a
wavelength band;
a display device to present visual content using the filtered primary light; and
a processing device to:
receive a visual content;
calculate, in view of the filtered primary light, a metamer of the visual
content; and
provide, to the display device, the metamer of the visual content to display

in view of the filtered light.

2. The system of claim 1, wherein the filer is to substantially the spectrum energy in

a wavelength band between 400 nanometer (nm) and 700 nm.

3. The system of claim 1, wherein the display device comprises at least one of a
liquid crystal display (LCD) panel, a light-emitting diode display (LED) panel, or an
organic light-emitting diode display (OLED) panel.

4. The system of claim 1, wherein the filter is to substantially remove the spectrum
energy in the wavelength band and maximize a display gamut volume associated with the

display device in view of the filtered primary light.

5. The system of claim 4, wherein to calculate the metamer, the processing device is
further to:
determine, in view of the filtered primary light, whether a first pixel of the visual

content is within the display gamut volume;
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responsive to determining that the first pixel is outside the display gamut volume,
identify a second pixel within the display gamut volume, wherein the second pixel
comprises an identical hue value and an identical saturation value as the first pixel but a
scaled lightness value of the first pixel; and

replace the first pixel with the second pixel.

6. The system of claim 5, wherein to calculate the metamer, the processing device is
further to:

apply one of an edge-preserving filter or a low-pass filter to a scale factor map
comprising a plurality of scale factors to generate a second scale factor; and

use the second scale factor to scale a lightness value of the first pixel.

7. The system of claim 1, wherein calculation of the metamer preserves a white

point of the display device.

8. The system of claim 1, wherein the filter is further to substantially remove the

spectrum energy in a second wavelength band.

9. A method comprising:

receiving, by a processing device, a visual content to be displayed on a display
device;

filtering a primary light, emitted from a light source associated with the display
device, to substantially remove a spectrum energy in a wavelength band;

calculating, in view of the filtered primary light, a metamer of the visual content;
and

providing, to the display device, the metamer of the visual content to display in

view of the filtered light.

10. The method of claim 9, wherein the filtering is to substantially the spectrum

energy in a wavelength band between 400 nanometer (nm) and 700 nm.
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11. The method of claim 9, wherein the display device comprises at least one of a
liquid crystal display (LCD) panel, a light-emitting diode display (LED) panel, or an
organic light-emitting diode display (OLED) panel.

12. The method of claim 9, wherein the filtering is to substantially remove the
spectrum energy in the wavelength band and maximize a display gamut volume

associated with the display device in view of the filtered primary light.

13. The method of claim 12, wherein the calculating the metamer further comprises:
determining, in view of the filtered primary light, whether a first pixel of the
visual content is within the display gamut volume;
responsive to determining that the first pixel is outside the display gamut volume,
identifying a second pixel within the display gamut volume, wherein the second pixel
comprises an identical hue value and an identical saturation value as the first pixel but a
scaled lightness value of the first pixel; and

replacing the first pixel with the second pixel.

14. The method of claim 13, the calculating the metamer further comprises:
applying one of an edge-preserving filter or a low-pass filter to a scale factor map
comprising a plurality of scale factors to generate a second scale factor; and

using the second scale factor to scale a lightness value of the first pixel.

15. The method of claim 9, wherein calculation of the metamer preserves a white

point of the display device.

16. A non-transitory machine-readable storage medium storing instructions which,
when executed, cause a processing device to perform operations comprising:

receiving, by the processing device, a visual content to be displayed on a display
device, wherein a primary light associated with the display device is filtered to

substantially remove a spectrum energy in a wavelength band;
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calculating, in view of the filtered primary light, a metamer of the visual content;
and
providing, to the display device, the metamer of the visual content to display in

view of the filtered light.

17. The non-transitory machine-readable storage medium of claim 16, wherein the
primary light is filtered to substantially the spectrum energy in a wavelength band

between 400 nanometer (nm) and 700 nm.

18. The non-transitory machine-readable storage medium of claim 16, wherein the
display device comprises at least one of a liquid crystal display (LCD) panel, a light-
emitting diode display (LED) panel, or an organic light-emitting diode display (OLED)

panel.

19. The non-transitory machine-readable storage medium of claim 16, wherein the
primary light is filtered to substantially remove the spectrum energy in the wavelength
band and maximize a display gamut volume associated with the display device in view of

the filtered primary light.

20. The non-transitory machine-readable storage medium of claim 19, wherein the
calculating the metamer further comprises:

determining, in view of the filtered primary light, whether a first pixel of the
visual content is within the display gamut volume;

responsive to determining that the first pixel is outside the display gamut volume,
identifying a second pixel within the display gamut volume, wherein the second pixel
comprises an identical hue value and an identical saturation value as the first pixel but a
scaled lightness value of the first pixel; and

replacing the first pixel with the second pixel.
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