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DYNAMIC RANGE MAPPING METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202010365696.3,
filed with the China National Intellectual Property Administration on April 30, 2020 and entitled
"DYNAMIC RANGE MAPPING METHOD AND APPARATUS", which is incorporated herein

by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of display technologies, and more specifically, to a

dynamic range mapping method and apparatus.

BACKGROUND

[0003] A dynamic range (dynamic range, DR) indicates a ratio of a maximum value to a
minimum value of a variable in many fields. For a digital image, a dynamic range indicates a ratio
of maximum luminance to minimum luminance in a displayable range of the image, that is, a
quantity of grayscale levels obtained through division between a "brightest" part and a "darkest"
part of the image. A unit of luminance is candela per square meter (cd/m?) or may be represented
as nit (nit). A larger dynamic range of an image indicates more luminance levels for representing
the image and more realistic visual effect of the image. A dynamic range of a natural scene in the
real world is between 10 and 10°. The dynamic range is very large, and therefore is referred to as
a high dynamic range (high dynamic range, HDR). Compared with a high dynamic range image,
a common image has a standard dynamic range (standard dynamic range, SDR) or a low dynamic
range (low dynamic range, SDR).

[0004] Currently, a display device whose dynamic range is less than 0.1 nits to 400 nits is
generally referred to as an SDR display device. A display device whose dynamic range is greater
than 0.01 nits to 540 nits is generally referred to as an HDR display device. Different high dynamic
range display devices display different dynamic ranges, for example, an HDR display device of
0.01 nits to 540 nits and an HDR display device of 0.005 nits to 1000 nits. A dynamic range
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mapping method is mainly applied to an adaptation process between a front-end HDR signal and
a back-end HDR display device, including a tone mapping (tone mapping) process from high to
low and a tone mapping process from low to high. For example, a front end collects a 4000-nit
illumination signal, while a back-end display device has an HDR display capability of only 500
nits. Therefore, mapping the 4000-nit illumination signal to the 500-nit display device is a mapping
process from high to low. For another example, a front end collects a 100-nit SDR illumination
signal, while a back-end display device has an HDR display capability of 2000 nits. Therefore,
mapping the 100-nit illumination signal to the 2000-nit display device is a mapping process from
low to high.

[0005] In a conventional technology, when maximum luminance of an image is less than
maximum display luminance of a display device, a mapping algorithm based on a dynamic range
of'an "S"-shaped curve may be used to adjust a high dynamic range image to a dynamic range that
can be displayed by a display device for display. However, when the maximum luminance of the
image is close to the maximum display luminance of the display device, if the foregoing solution
is still used, there is an abnormality that luminance of a pixel of a mapped display device is greater

than that of an original image. As a result, user experience is affected.

SUMMARY

[0006] This application provides a dynamic range mapping method and apparatus, to help
avoid, when maximum display luminance of an image is close to maximum display luminance of
a display device, an abnormality that luminance of a pixel of a mapped terminal device is greater
than that of an original image.
[0007] According to a first aspect, a dynamic range mapping method is provided, including:

obtaining a display parameter of a terminal device;

obtaining feature information of image data;

obtaining a first parameter of a first tone mapping curve of the image data;

when a preset condition is met, obtaining a second parameter of a second tone mapping
curve based on the first parameter, the display parameter of the terminal device, and the feature
information of the image data, where output luminance at a first point on the second tone mapping

curve is not greater than input luminance at the first point on the second tone mapping curve; and
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performing dynamic range mapping on the image data based on the second parameter
of the second tone mapping curve.
[0008] Therefore, in this embodiment of this application, a parameter of the first tone mapping
curve is further adjusted, so that output luminance of a point on a tone mapping curve (that is, the
second tone mapping curve) corresponding to an adjusted curve parameter (that is, the second
parameter) is not greater than corresponding input luminance of the point. This helps avoid, when
maximum display luminance of an image is close to maximum display luminance of a display
device, an abnormality that luminance of a pixel of a mapped terminal device is greater than that
of an original image.
[0009] This embodiment of this application may be applied to a terminal device. The terminal
device is, for example, a display device. A product form of the display device may be an electronic
device such as a set-top box, a television display device, a mobile phone display device, or a
conversion device for live webcasting and video applications. In an example, on a set-top box, a
television display device, or a mobile phone display device, a solution provided in this embodiment
of this application may be implemented in a form of a hardware chip. On a live webcasting device
or a video playback device, a solution provided in this embodiment of this application are mainly
implemented in a form of software program code. However, this embodiment of this application
is not limited thereto.
[0010] For example, the image data may be, for example, an HDR source or an SDR source,
for example, pixel data in the image, for example, luminance and color data of each pixel.
[0011] For example, the feature information of the image data may be obtained from metadata
M of the image data. The metadata M may include, for example, a curve parameter Mcurve
corresponding to the image data, targeted system display actual peak luminance MpL (targeted
system display actual peak luminance), a maximum luminance value MaxSource (maximum
values of Y components of all pixels, or a maximum value of maximum values of RGB
components of all pixels) of content of the image data, a minimum luminance value MinSource
(minimum values of Y components of all pixels, or a minimum value of maximum values of RGB
components of all pixels), an average value (an average value of Y components of all pixels, or an
average value of maximum values of RGB components of all pixels), and a change range of
displayed content. This is not limited in this embodiment of this application.
[0012] In some embodiments, the feature information of the image data may be further
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obtained from pixel information of the image data V. Alternatively, a feature information value of
the image data with a preset value is used. This is not limited in this embodiment of this application.
[0013] For example, the display parameter MtpL of the terminal device may include maximum
display luminance MaxDisplay and/or minimum display luminance MinDisplay of the terminal
device, or another parameter. This is not limited in this embodiment of this application.

[0014] With reference to the first aspect, in some implementations of the first aspect, the preset
condition is met when any one of the following conditions is met:

[0015] When tone mapping is performed on the image data based on the first parameter, output
luminance at a second point on the first tone mapping curve is greater than input luminance at the
second point on the first tone mapping curve.

[0016] Alternatively, a parameter pp in the first parameter is greater than a first value Tp. The
first value Tp is obtained based on ap; in the first parameter and a preset correspondence between
ap1 and pp1. Tp indicates a threshold of a curve parameter p. When the first parameter pp1 exceeds
Tp, output luminance at a point on the second tone mapping curve may be greater than input
luminance.

[0017] Alternatively, a parameter api in the first parameter is greater than a second value Ta.
The second value Ta is obtained based on ppi in the first parameter and a preset correspondence
between api and ppi. Ta indicates a threshold of a curve parameter a. When the first parameter ap;
exceeds Ta, output luminance at a point on the second tone mapping curve may be greater than
input luminance.

[0018] Alternatively, a product of a parameter ap; and a parameter pp: in the first parameter is
greater than a third value Tap. The third value Tap is a preset rational number. When the product
of the parameter ap; and the parameter pp; in the first parameter exceeds Tap, output luminance at
a point on the second tone mapping curve may be greater than input luminance. For example, the
third value Tap may be a rational number between 3 and 4, for example, 3.2 or 3.4. This is not
limited in this embodiment of this application.

[0019] Therefore, in this embodiment of this application, when the preset condition is met, that
1s, output luminance of a point on the first tone mapping curve is greater than input luminance of
the point on the first tone mapping curve when tone mapping is performed on image data based on
the first tone mapping curve, a process of generating the second parameter of the second tone

mapping curve can be performed.
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[0020] With reference to the first aspect, in some implementations of the first aspect, the
second parameter includes a first linear spline curve parameter. The first linear spline curve
parameter includes a slope MB[0][0] of a first linear spline on the second tone mapping curve
and/or a maximum value TH3[0] of a luminance value of a range pixel of the first linear spline
and/or an intersection point base offset of the first linear spline and a vertical coordinate axis.
[0021] In this embodiment of this application, when dynamic range mapping is performed on
the image data based on the second parameter, a straight line part (that is, the first linear spline)
may be used to perform tone mapping in a dark region of the image data. In this way, a luminance
gain can be controlled. In addition, it is more convenient to control the second parameter to
gradually change from a straight line to a straight line y = x. The straight line y = x is equivalent
to that output luminance at any point on a tone mapping curve is equal to input luminance.
Therefore, in this embodiment of this application, a flicker phenomenon is not likely to be caused
for the content with gradient luminance.
[0022] With reference to the first aspect, in some implementations of the first aspect, the first
parameter includes a second linear spline curve parameter. The second linear spline curve
parameter includes a slope MB_mid[0][0] of a second linear spline on the first tone mapping curve
and/or a maximum value TH3 mid[0] of a luminance value of a range pixel of the second linear
spline. The display parameter includes maximum display luminance MaxDisplay of the terminal
device. The feature information includes a maximum luminance correction value max_lum of the
image data.
[0023] The obtaining a second parameter of a second tone mapping curve based on the first
parameter, the display parameter, and the feature information includes:

adjusting the curve parameters MB_mid[0][0] and TH3 mid[0] based on the maximum
display luminance MaxDisplay and the maximum luminance correction value max lum to obtain
the curve parameters MB[0][0] and TH3[0].
[0024] Therefore, in this embodiment of this application, the slope MB[0][0] of the first linear
spline on the second tone mapping curve and the maximum value TH3[0] of the luminance value
of the range pixel of the first linear spline may be obtained based on the slope MB_mid[0][0] of
the second linear spline on the first tone mapping curve, the maximum value TH3 mid[0] of the
luminance value of the range pixel of the second linear spline, the maximum display luminance
MaxDisplay of the terminal device, and the maximum luminance correction value max_lum of the

5



10

15

20

25

image data.
[0025] With reference to the first aspect, in some implementations of the first aspect, the curve
parameters MB_mid[0][0] and TH3 mid[0], and the curve parameters MB[0][0] and TH3[O0]
satisfy the following formulas:

MB[0][0] = min(max(MB_mid[0][0] + (1 — MB_mid[0][0]) * (WA)M |
MB_mid[0][0]),1), and

TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0]) * (WA)z |
TH3 mid[0]),1), where

MaxDisplay MaxDisplay
_ maxlum G(MaxDisplay,m_a_T)
WA = 1 MaxDisplay , Or
G(MaxDisplay,m_a_T)
MaxDisplay H(Max_lum,m_a_T)
__ Max_lum Max_lum
WA = H(Max_lum,m_a_T) P where
e
Max_lum
1
_1 n
K3x (L:nm;b)m_m
G(L,m_a) = = T , or
m_p—(lem_p—KZ)x(%)m‘m
1
1 —
_ m_n
Kax() ™"
G(L,m_a) = = T

m_m

m_p—(K1><m_p—K2)x(ij)
[0026] L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a
tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a T)
indicates a G(L) value corresponding to an input variable L when a value of a parameter M_a of
G(L)ism_a T, N1 and N2 are rational numbers, max(a, b) indicates calculating a larger value of

a and b, min(a, b) indicates calculating a smaller value of a and b, and H(L) is

_ m_pxL™-" m.m
H(L) = m_ax ((lem_p—KZ)me—"+K3) +m.b, or

m_pxL™-" )m—m

H(L) =max ((lem_p—KZ)me—"+K3

[0027] With reference to the first aspect, in some implementations of the first aspect, the first
parameter includes the second linear spline curve parameter. The second linear spline curve
parameter includes the slope MB_mid[0][0] of the second linear spline on the first tone mapping
curve and/or the maximum value TH3 mid[0] of the luminance value of the range pixel of the
second linear spline and/or an intersection point base offset mid of the first linear spline and the

vertical coordinate axis. The display parameter includes the maximum display luminance
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MaxDisplay of the terminal device. The feature information includes the maximum luminance
correction value max_lum of the image data.
[0028] The obtaining a second parameter of a second tone mapping curve based on the first
parameter, the display parameter, and the feature information includes:

adjusting the curve parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid
based on the maximum display luminance MaxDisplay and the maximum luminance correction
value max_lum to obtain the curve parameters MB[0][0], TH3[0], and/or base offset.
[0029] With reference to the first aspect, in some implementations of the first aspect, the curve
parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid, and the curve parameters
MB[0][0], TH3[0], and/or base offset satisty the following formulas:

MB[0][0] = min(max(MB _mid[0][0] + (1 — MB_mid[0][0]) * (WA)M |
MB_mid[0][0]),1),

TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0] * (WA)2 |
TH3 mid[0]),1), and

base offset = min(max(base offset mid * (1 — (WA)N3), 0), base _offset mid), where

MaxDisplay MaxDisplay
_ max_lum G(MaxDisplay,m_a_T)
WA = MaxDisplay ’

G(MaxDisplay,m_a_T)

1

L-m_b\m_m m-n
G(L,m_a) = koG )™
»Mm_a) = | O
m_p—(lem_p—KZ)X(L;nm;b)m‘m
1
) N
Kax(L )™ o
G(L,m_a) = == —
m_p—(lem_p—KZ)x(ﬁ)m-m

[0030] L is the input signal, G(L) is the inverse function of the function H(L) corresponding
to the tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L,
m_a T) indicates the G(L) value corresponding to the input variable L when the value of the
parameter M_a of G(L) is m_a T, N1, N2, and N3 are rational numbers, max(a, b) indicates

calculating the larger value of a and b, min(a, b) indicates calculating the smaller value of a and b,

and H(L) is
_ m_pxL™-1 m.m
H(L) = m_ax ((lem_p—KZ)me—"+K3) +m.b, or
_ m_pxL™-1 m.m
H(L) = m_ax ((lem_p—KZ)me—"+K3)
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[0031] With reference to the first aspect, in some implementations of the first aspect, the
second parameter includes a cubic spline curve parameter. The cubic spline curve parameter
includes interpolation point values TH1[1], TH2[1], and TH3[1] of a cubic spline on the second
tone mapping curve. TH1[1] indicates a minimum value of a luminance value of a first range pixel
of the cubic spline. TH2[1] indicates a maximum value of the luminance value of the first range
pixel of the cubic spline and a minimum value of a luminance value of a second range pixel of the
cubic spline. TH3[ 1] indicates a maximum value of the luminance value of the second range pixel
of the cubic spline.
[0032] With reference to the first aspect, in some implementations of the first aspect, the
interpolation point values TH1[1], TH2[1], and TH3[1] of the cubic spline are obtained based on
the second linear spline curve parameter TH3[0] in the first parameter and preset offset values of
correlation values for calculating the interpolation point values TH1[1], TH2[1], and TH3[1] of
the cubic spline, as shown in the following:

THI1[1] = TH3]0],

TH2[1]=THI1[1] + B, and

TH3[1]=TH2[1] + C * TH2[1] - D * THI[1].
[0033] B, C, and D are preset values of the correlation values for calculating the interpolation
point values THI1[1], TH2[1], and TH3[1] of the cubic spline. B is a preset offset value
corresponding to a luminance value of a dark-bright transition region pixel. C and D are preset
weighting coefficients corresponding to a luminance value of a bright region pixel.
[0034] Therefore, in this embodiment of this application, the interpolation point values TH1[1],
TH2[1], and TH3[1] of the cubic spline on the second parameter may be obtained based on the
second linear spline curve parameter in the first parameter and the preset offset values of the
correlation values for calculating the interpolation point values TH1[1], TH2[1], and TH3[1] of
the cubic spline.
[0035] With reference to the first aspect, in some implementations of the first aspect, the
interpolation point values TH1[1], TH2[1], and TH3[1] of the cubic spline are obtained based on
the second linear spline curve parameter TH3[0] in the first parameter and correlation values for
calculating the interpolation point values TH1[1], TH2[1], and TH3[1] of the cubic spline, as
shown in the following:

THI1[1] = 3Spline TH[i][0][w],
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TH2[1] = 3Spline_ TH[i][0][w] + 3Spline_ TH_Deltal[i][1][w], and

TH3[1] = 3Spline. TH[1][0][w] + 3Spline TH Deltal[i][1][w] +
3Spline TH_ Deltal[i][2][w].
[0036] 3Spline THJi][0][w], 3Spline TH Deltal[i][1][w], and 3Spline TH Deltal[i][2][w]
are the correlation values that are used for calculating the interpolation point values TH1[1],
TH2[1], and TH3[1] of the cubic spine and that are extracted from metadata.
[0037] Therefore, in this embodiment of this application, the interpolation point values TH1[ 1],
TH2[1], and TH3[1] of the cubic spline on the second parameter may be obtained based on the
second linear spline curve parameter in the first parameter and the correlation values that are used
for calculating the interpolation point values TH1[1], TH2[1], and TH3[1] of the cubic spline and
that are extracted from the metadata.
[0038] With reference to the first aspect, in some implementations of the first aspect, a Y
coordinate of a linear spline on the second tone mapping curve at TH3[0] is the same as a Y
coordinate of the cubic spline on the second tone mapping curve at TH1[1], and a first-order
derivative of the linear spline at TH3[0] is the same as a first-order derivative of the cubic spline
at TH1[1].
[0039] In this way, the linear spline curve in the second tone mapping curve and the cubic
spline curve in the second tone mapping curve can be consecutive at TH[1].
[0040] With reference to the first aspect, in some implementations of the first aspect, a Y
coordinate of a first cubic spline on the second tone mapping curve at TH2[1] is the same as a Y
coordinate of a second cubic spline on the second tone mapping curve at TH2[1], and a first-order
derivative of the first cubic spline at TH2[1] is the same as a first-order derivative of the second
cubic spline at TH2[1].
[0041] In this way, a first cubic spline curve and a second cubic spline curve in the second tone
mapping curve can be consecutive at TH[2].
[0042] With reference to the first aspect, in some implementations of the first aspect, a Y
coordinate of the second cubic spline on the second tone mapping curve at TH3[1] is the same as
a'Y coordinate of a third tone mapping function on the second tone mapping curve at TH3[1], and
a first-order derivative of the second cubic spline at TH3[1] is the same as a first-order derivative
of the third tone mapping function at TH3[1].
[0043] In this way, the second cubic spline curve in the second tone mapping curve and a curve
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of the third tone mapping function can be consecutive at TH[3].
[0044] With reference to the first aspect, in some implementations of the first aspect, the
obtaining a first parameter of a first tone mapping curve of the image data includes:

obtaining the metadata of the image data; and

determining the first parameter of the first tone mapping curve based on the metadata
and the display parameter.
[0045] For example, the display device may obtain, based on an average luminance value
average maxrgb, and/or a maximum luminance value MaxSource, and/or a minimum luminance
value MinSource of the content of the image data V in the metadata M, and/or maximum display
luminance MaxDisplay of the display device, and/or minimum display luminance MinDisplay of
the display device, and/or the curve parameter Mcuve(pl, p2, ...), and/or other data, the first
parameter of the first tone mapping curve. The first parameter may be represented, for example,
as Plaune(X, pl, p2, ...). X is an input luminance value, and p/, p2, ... are curve parameter values.
[0046] With reference to the first aspect, in some implementations of the first aspect, the
second parameter further includes a linear spline curve parameter. The linear spline curve
parameter includes a maximum value TH3C of a luminance value of a range pixel of the first linear
spline on the second tone mapping curve and a slope Dark of the first linear spline.
[0047] In this embodiment of this application, when dynamic range mapping is performed on
the image data based on the second parameter, the straight line part (that is, the first linear spline)
may be used to perform tone mapping in the dark region of the image data. In this way, the
luminance gain can be controlled. In addition, it is more convenient to control the second parameter
to gradually change from the straight line to the straight line y = x. The straight line y = x is
equivalent to that output luminance at any point on the tone mapping curve is equal to input
luminance. Therefore, in this embodiment of this application, the flicker phenomenon is not likely
to be caused for the content with gradient luminance.
[0048] With reference to the first aspect, in some implementations of the first aspect, the
method further includes:

obtaining a maximum value TH3CO of a luminance value of an initial range pixel of
the first linear spline;

obtaining an initial slope DarkO of the first linear spline;

determining a maximum value TH3C of the luminance value of the range pixel based
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on the maximum value TH3CO of the luminance value of the initial range pixel; and

determining the slope Dark based on the initial slope DarkO.
[0049] With reference to the first aspect, in some implementations of the first aspect, the
obtaining a maximum value TH3CO of a luminance value of an initial range pixel of the first linear
spline includes:

determining the maximum value TH3CO of the luminance value of the initial range
pixel based on the first parameter, where the first parameter includes a maximum value TH3[0] of
a luminance value of a range pixel of the second linear spline on the first tone mapping curve; or

determining the maximum value TH3CO of the luminance value of the initial range
pixel based on a preset value, where the preset value is, for example, decomposition of dark vision
and bright vision, that is, luminance in which responses of a cone cell and a rod cell of a human
eye change increase or decrease, for example, 1 nit; or

determining the maximum value TH3CO of the luminance value of the initial range
pixel based on the metadata of the image data, where the metadata includes feature data of a
quantity of dark region pixels in a histogram.
[0050] With reference to the first aspect, in some implementations of the first aspect, the
obtaining an initial slope Dark0 of the first linear spline includes:

determining the initial slope DarkO based on the first parameter, where the first
parameter includes the slope MB[0][0] of the second linear spline on the first tone mapping curve;
or

determining the initial slope Dark0 based on a ratio of a fourth value to the maximum
value TH3C of the luminance value of the range pixel, where the fourth value is an output value
of the first tone mapping curve at the maximum value TH3C of the luminance value of the range
pixel; or

determining the initial slope Dark0 based on a slope value of a preset input value of the
first tone mapping curve between 0 and the maximum value TH3C of the luminance value of the
range pixel.
[0051] With reference to the first aspect, in some implementations of the first aspect, the
maximum value TH3CO of the luminance value of the initial range pixel, the maximum value
TH3C of the luminance value of the range pixel, the initial slope Dark0, and the slope Dark satisfy
the following formulas:
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TH3C = TH3C0 + (MaxSource — TH3C0) * (WA)™2,
Dark = Dark0 + (1 — Dark0) * (WA)N!,

MaxDisplay  MaxDisplay

__ MaxSource G(MaxDisplay)
WA = 1— MaxDisplay
G(MaxDisplay)

, Or

MaxDisplay H(MaxSource)

WA — MaxSource MaxSource
- __H(MaxSource)

MaxSource

TH3C is greater than TH3CO and less than MaxSource. TH3CO is less than MaxSource.
N1 and N2 are rational numbers greater than 0. H(L) is the tone mapping curve. G(L) is the inverse
function of H(L).
[0052] With reference to the first aspect, in some implementations of the first aspect, the
maximum value TH3CO of the luminance value of the initial range pixel, the maximum value
TH3C of the luminance value of the range pixel, the initial slope Dark0, and the slope Dark satisfy
the following formulas:

TH3C = TH3C0 + (MaxLum — TH3C0) * (WA)N?,

DARK = DARKO + (1 — DARKO) * (WA)N!,

MaxDisplay = MaxDisplay
_ max_lum G(MaxDisplay)
WA = __MaxDisplay ’
G(MaxDisplay)

or

MaxDisplay H(MaxSource)

__ Max_lum Max_lum
WA = 1 __H(MaxSource)

Max_lum

[0053] MaxLum is an adjustment value of maximum luminance of the image data. TH3C is
greater than TH3CO and less than MaxSource. TH3CO is less than MaxSource. N1 and N2 are
rational numbers greater than 0. H(L) is the tone mapping curve function. G(L) is the inverse
function of H(L).
[0054] With reference to the first aspect, in some implementations of the first aspect, the
second parameter further includes the cubic spline curve parameter. The cubic spline curve
parameter includes a minimum value TH1D of a luminance value of a first range pixel of the first
cubic spline on the second tone mapping curve.
[0055] The method further includes:

determining the minimum value TH1D of the luminance value of the first range pixel
based on the maximum value TH3C of the luminance value of the range pixel of the first linear

spline on the second tone mapping curve.
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[0056] With reference to the first aspect, in some implementations of the first aspect, the
second parameter further includes the cubic spline curve parameter. The cubic spline curve
parameter includes a maximum value TH2D of the luminance value of the first range pixel of the
first cubic spline on the second tone mapping curve.
[0057] The method further includes:

determining the maximum value TH2D of the luminance value of the first range pixel
based on the minimum value TH1D of the luminance value of the first range pixel.
[0058] With reference to the first aspect, in some implementations of the first aspect, the
determining the maximum value TH2D of the luminance value of the first range pixel based on
the minimum value TH1D of the luminance value of the first range pixel includes:

determining the maximum value TH2D of the luminance value of the first range pixel
based on the first parameter and the minimum value TH1D of the luminance value of the first
range pixel; or

determining the maximum value TH2D of the luminance value of the first range pixel
based on a preset rational number and the minimum value TH1D of the luminance value of the
first range pixel; or

determining the maximum value TH2D of the luminance value of the first range pixel
based on the minimum value TH1D of the luminance value of the first range pixel and the metadata
of the image data.
[0059] With reference to the first aspect, in some implementations of the first aspect, the
minimum value THID of the luminance value of the first range pixel of the first cubic spline on
the second tone mapping curve is the same as the maximum value TH3C of the luminance value
of the range pixel of the first linear spline, output values of the linear spline and the first cubic
spline on the second tone mapping curve at TH1D are the same, and first-order derivatives of the
first spline and the first cubic spline on the second tone curve at THID are the same.
[0060] In this way, a linear spline curve in the second tone mapping curve and a cubic spline
curve in the second tone mapping curve can be consecutive at TH1D.
[0061] With reference to the first aspect, in some implementations of the first aspect, the cubic
spline curve parameter further includes a maximum value TH3D of a luminance value of a second
range pixel of a second cubic spline on the second tone mapping curve.

[0062] The method further includes:
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determining the maximum value TH3D of the luminance value of the second range
pixel based on the minimum value TH1D of the luminance value of the first range pixel and the
maximum value TH2D of the luminance value of the first range pixel.
[0063] With reference to the first aspect, in some implementations of the first aspect, the
determining the maximum value TH3D of the luminance value of the second range pixel based on
the minimum value THI1D of the luminance value of the first range pixel and the maximum value
TH2D of the luminance value of the first range pixel includes:

determining third maximum input luminance TH3D based on the minimum value
TH1D of the luminance value of the first range pixel, the maximum value TH2D of the luminance
value of the first range pixel, and the first parameter; or

determining third maximum input luminance TH3D based on the minimum value
THI1D of the luminance value of the first range pixel, the maximum value TH2D of the luminance
value of the first range pixel, and the preset rational number; or

determining third maximum input luminance TH3D based on the minimum value
THI1D of the luminance value of the first range pixel, the maximum value TH2D of the luminance
value of the first range pixel, and the metadata of the image data.
[0064] With reference to the first aspect, in some implementations of the first aspect, a
minimum value of the luminance value of the second range pixel of the second cubic spline is the
same as the maximum value TH2D of the luminance value of the first range pixel of the first cubic
spline, output values of the first cubic spline and the second cubic spline at the maximum value
TH2D of the luminance value of the range pixel are the same, and first-order derivatives of the
first cubic spline and the second cubic spline at the maximum value TH2D of the luminance value
of the range pixel are the same.
[0065] In this way, the first cubic spline curve and the second cubic spline curve in the second
tone mapping curve can be consecutive at TH2D.
[0066] With reference to the first aspect, in some implementations of the first aspect, the
second parameter further includes a curve parameter of a tone mapping subfunction of the second
tone mapping curve. A minimum value of a luminance value of a third range pixel of the tone
mapping subfunction is the same as the maximum value TH3D of the luminance value of the
second range pixel, output values of the second cubic spline and the tone mapping subfunction at
the maximum value TH3D of the luminance value of the second range pixel are the same, and
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first-order derivatives of the second cubic spline and the tone mapping subfunction at the
maximum value TH3D of the luminance value of the second range pixel are the same.
[0067] In this way, the second cubic spline curve in the second tone mapping curve and a curve
of the tone mapping subfunction can be consecutive at TH3D.
[0068] With reference to the first aspect, in some implementations of the first aspect, the first
parameter includes ap; and ppi. The obtaining a second parameter of a second tone mapping curve
based on the first parameter, the display parameter, and the feature information includes:

obtaining the first value Tp based on api and the preset correspondence between ap; and
pri;

if pp1 is greater than Tp, replacing pp: in the first parameter with Tp; and

using the first parameter obtained after replacement as the second parameter.
[0069] Therefore, pp1 in the first parameter is replaced with Tp, and the first parameter
obtained after replacement is used as the second parameter, so that the output luminance at the first
point on the second tone mapping curve is not greater than the input luminance at the first point
on the second tone mapping curve.
[0070] With reference to the first aspect, in some implementations of the first aspect, the first
parameter includes ap1 and ppi. The obtaining a second parameter of a second tone mapping curve
based on the first parameter, the display parameter, and the feature information includes:

obtaining the second value Ta based on ppi and the preset correspondence between ap;
and ppi;

if ap1 is greater than Ta, replacing api in the first parameter with Ta; and

using the first parameter obtained after replacement as the second parameter.
[0071] Therefore, ap in the first parameter is replaced with Ta, and the first parameter obtained
after replacement is used as the second parameter, so that the output luminance at the first point
on the second tone mapping curve is not greater than the input luminance at the first point on the
second tone mapping curve.
[0072] With reference to the first aspect, in some implementations of the first aspect, the first
parameter includes api and ppi. The obtaining a second parameter of a second tone mapping curve
based on the first parameter, the display parameter, and the feature information includes:

if ap1 * pp1 is greater than the third value Tap, replacing ppi in the first parameter with
Tap/ap1, or replacing api in the first parameter with Tap/pp1; and
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using the first parameter obtained after replacement as the second parameter.
[0073] Therefore, ppi1 in the first parameter is replaced with Tap/ap1, or api in the first parameter
is replaced with Tap/pp1, and the first parameter obtained after replacement is used as the second
parameter, so that the output luminance at the first point on the second tone mapping curve is not
greater than the input luminance at the first point on the second tone mapping curve.
[0074] According to a second aspect, a dynamic range mapping apparatus is provided,
including an obtaining unit, a processing unit, and a mapping unit.
[0075] The obtaining unit is configured to obtain a display parameter of a terminal device.
[0076] The obtaining unit is further configured to obtain feature information of image data.
[0077] The obtaining unit is further configured to obtain a first parameter of a first tone
mapping curve of the image data.
[0078] The processing unit is configured to: when a preset condition is met, obtain a second
parameter of a second tone mapping curve based on the first parameter, the display parameter of
the terminal device, and the feature information of the image data. Output luminance at a first point
on the second tone mapping curve is not greater than input luminance at the first point on the
second tone mapping curve.
[0079] The mapping unit is configured to perform dynamic range mapping on the image data
based on the second parameter of the second tone mapping curve.
[0080] With reference to the second aspect, in some implementations of the second aspect, the
preset condition is met when any one of the following conditions is met:
[0081] When tone mapping is performed on the image data based on the first parameter, output
luminance at a second point on the first tone mapping curve is greater than input luminance at the
second point on the first tone mapping curve.
[0082] Alternatively, a parameter ppi in the first parameter is greater than a first value Tp. The
first value Tp is obtained based on ap; in the first parameter and a preset correspondence between
ap1 and pp1.
[0083] Alternatively, a parameter ap; in the first parameter is greater than a second value Ta.
The second value Ta is obtained based on ppi in the first parameter and a preset correspondence
between api and ppi.
[0084] Alternatively, a product of a parameter ap; and a parameter ppi in the first parameter is
greater than a third value Tap. The third value Tap is a preset rational number.

16



10

15

20

25

[0085] With reference to the second aspect, in some implementations of the second aspect, the
second parameter includes a first linear spline curve parameter. The first linear spline curve
parameter includes a slope MB[0][0] of a first linear spline on the second tone mapping curve
and/or a maximum value TH3[0] of a luminance value of a range pixel of the first linear spline
and/or an intersection point base offset of the first linear spline and a vertical coordinate axis.
[0086] With reference to the second aspect, in some implementations of the second aspect, the
first parameter includes a second linear spline curve parameter. The second linear spline curve
parameter includes a slope MB_mid[0][0] of a second linear spline on the first tone mapping curve
and/or a maximum value TH3 mid[0] of a luminance value of a range pixel of the second linear
spline. The display parameter includes maximum display luminance MaxDisplay of the terminal
device. The feature information includes a maximum luminance correction value max_lum of the
image data.
[0087] The processing unit is specifically configured to:

adjust the curve parameters MB_mid[0][0] and TH3 mid[0] based on the maximum
display luminance MaxDisplay and the maximum luminance correction value max_lum to obtain
the curve parameters MB[0][0] and TH3[0].
[0088] With reference to the second aspect, in some implementations of the second aspect, the
curve parameters MB_mid[0][0] and TH3 mid[0], and the curve parameters MB[0][0] and TH3[0]
satisfy the following formulas:

MB[0][0] = min(max(MB mid[0][0] + (1 — MB_mid[0][0]) * (WA)M |
MB_mid[0][0]),1), and

TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0]) * (WA)"z |
TH3 mid[0]),1), where

MaxDisplay MaxDisplay
WA _ max_lum G(MaxDisplay,m_a_T)
- MaxDisplay s
G(MaxDisplay,m_a_T)

MaxDisplay H(max_lum,m_a_T)

. max_lum max_lum
WA - 1_H(max_lum,m_a_T) ’
max_lum
1
L-m_Db mlm m.n
G(L ) — K3X( m_z; ) )
) m_a - 1 ) or
m_p—(lem_p—KZ)X(L:nm;b)m‘m
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[0089] L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a
tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a T)
indicates a G(L) value corresponding to an input variable L when a value of a parameter M_a of
G(L)ism _a T, N1 and N2 are rational numbers, max(a, b) indicates calculating a larger value of

a and b, min(a, b) indicates calculating a smaller value of a and b, and H(L) is

m_pxLM-1
(K1xm_p—-K2)xL™M-"n4+K3

H(L) = m_a X ( )m_m + m_b, or

m_pxLM-1 )m_m

H(L) =m.ax ((lem_p—KZ)me—n+K3
[0090] With reference to the second aspect, in some implementations of the second aspect, the
first parameter includes the second linear spline curve parameter. The second linear spline curve
parameter includes the slope MB_mid[0][0] of the second linear spline on the first tone mapping
curve and/or the maximum value TH3 mid[0] of the luminance value of the range pixel of the
second linear spline and/or an intersection point base offset mid of the first linear spline and the
vertical coordinate axis. The display parameter includes the maximum display luminance
MaxDisplay of the terminal device. The feature information includes the maximum luminance
correction value max_lum of the image data.
[0091] The processing unit is specifically configured to:

adjust the curve parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid
based on the maximum display luminance MaxDisplay and the maximum luminance correction
value max_lum to obtain the curve parameters MB[0][0], TH3[0], and/or base offset.
[0092] With reference to the second aspect, in some implementations of the second aspect, the
curve parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid, and the curve parameters
MBJ[0][0], TH3[0], and/or base_offset satisfy the following formulas:

MB[0][0] = min(max(MB mid[0][0] + (1 — MB mid[0][0]) * (WA)M |
MB_mid[0][0]),1),

TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0] * (WA)2 |
TH3 mid[0]),1), and

base offset = min(max(base offset mid * (1 — (WA)N3), 0), base offset mid), where
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G(MaxDisplay,m_a_T)
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G(L! m_a) - 1 , Or
m_p—(lem_p—KZ)X(L:nm;b)m‘m
1 1
[ m_n
_ K3x (mL_a)m—m
G(L,m_a) = T
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[0093] L is the input signal, G(L) is the inverse function of the function H(L) corresponding
to the tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are the curve parameters, G(L,
m_a_T) indicates the G(L) value corresponding to the input variable L when the value of the
parameter M_a of G(L) is m_a T, N1, N2, and N3 are rational numbers, max(a, b) indicates

calculating the larger value of a and b, min(a, b) indicates calculating the smaller value of a and b,

and H(L) is
_ m_pxL™" m.m
H(L) =m_ax ((lem_p—KZ)me—n+K3) +m.b, or
_ m_pxL™-" m.m
H(L) =m_ax ((lem_p—KZ)me—n+K3)

[0094] With reference to the second aspect, in some implementations of the second aspect, the
second parameter includes a cubic spline curve parameter. The cubic spline curve parameter
includes interpolation point values THI[1], TH2[1], and TH3[1] of a cubic spline on the second
tone mapping curve. TH1[1] indicates a minimum value of a luminance value of a first range pixel
of the cubic spline. TH2[1] indicates a maximum value of the luminance value of the first range
pixel of the cubic spline and a minimum value of a luminance value of a second range pixel of the
cubic spline. TH3[1] indicates a maximum value of the luminance value of the second range pixel
of the cubic spline.
[0095] With reference to the second aspect, in some implementations of the second aspect, the
interpolation point values TH1[1], TH2[1], and TH3[1] of the cubic spline are obtained based on
the second linear spline curve parameter TH3[0] in the first parameter and preset offset values of
the interpolation point values TH1[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] = TH3][O0],

TH2[1]=THI[1] + B, and

TH3[1]=TH2[1] + C * TH2[1] - D * THI[1].
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[0096] B, C, and D are preset values of correlation values for calculating the interpolation
point values THI[1], TH2[1], and TH3[1] of the cubic spline. B is a preset offset value
corresponding to a luminance value of a dark-bright transition region pixel. C and D are preset
weighting coefficients corresponding to a luminance value of a bright region pixel.
[0097] With reference to the second aspect, in some implementations of the second aspect, the
interpolation point values THI[1], TH2[1], and TH3[1] of the cubic spline are calculated based on
the second linear spline curve parameter TH3[0] in the first parameter and correlation values for
calculating the interpolation point values TH1[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] = 3Spline_ TH[i][0][w],

TH2[1] = 3Spline TH[i][0][w] + 3Spline TH_Deltal[i][1][w], and

TH3[1] = 3Spline THJ[1][0][w] + 3Spline TH Deltal[i][1][w] +
3Spline TH Deltal[i][2][w].
[0098] 3Spline THJ1][0][w], 3Spline TH Deltal[i][1][w], and 3Spline TH Deltal[1][2][w]
are the correlation values that are used for calculating the interpolation point values THI1[1],
TH2[1], and TH3[1] and that are extracted from metadata.
[0099] With reference to the second aspect, in some implementations of the second aspect, a
Y coordinate of a linear spline on the second tone mapping curve at TH3[0] is the same as a Y
coordinate of the cubic spline on the second tone mapping curve at THI1[1], and a first-order
derivative of the linear spline at TH3[0] is the same as a first-order derivative of the cubic spline
at TH1[1].
[00100] With reference to the second aspect, in some implementations of the second aspect, a
Y coordinate of a first cubic spline on the second tone mapping curve at TH2[1] is the same as a
Y coordinate of a second cubic spline on the second tone mapping curve at TH2[1], and a first-
order derivative of the first cubic spline at TH2[1] is the same as a first-order derivative of the
second cubic spline at TH2[1].
[00101] With reference to the second aspect, in some implementations of the second aspect, a
Y coordinate of the second cubic spline on the second tone mapping curve at TH3[1] is the same
as a Y coordinate of a third tone mapping function on the second tone mapping curve at TH3[1],
and a first-order derivative of the second cubic spline at TH3[1] is the same as a first-order
derivative of the third tone mapping function at TH3[1].
[00102] With reference to the second aspect, in some implementations of the second aspect, the
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obtaining unit is specifically configured to:

obtain the metadata of the image data; and

determine the first parameter of the first tone mapping curve based on the metadata and
the display parameter.
[00103] According to a third aspect, a computer-readable storage medium is provided. The
computer-readable storage medium stores instructions. When the instructions are run on a
computer, the computer is enabled to perform the method according to the first aspect.
[00104] According to a fourth aspect, a computer program product including instructions is
provided. When the computer program product runs on a computer, the computer is enabled to
perform the method according to the first aspect.
[00105] According to a fifth aspect, an electronic device is provided, including the media data
processing apparatus according to the second aspect.
[00106] It should be understood that for beneficial effects achieved in the second to the fifth
aspects and the corresponding implementations of this application, refer to beneficial effects
achieved in the first aspect and the corresponding implementations of this application. Details are

not described again.

BRIEF DESCRIPTION OF DRAWINGS

[00107] FIG. 1 is a diagram of a PQ optical electro transfer function;

[00108] FIG. 2 is a diagram of an HLG optical electro transfer function;

[00109] FIG. 3 is a diagram of an SLF optical electro transfer function;

[00110] FIG. 4 is a schematic diagram of a dynamic range adjustment curve of a high dynamic
range image according to an embodiment of this application;

[00111] FIG. 5 is a schematic diagram of a sigmoid curve;

[00112] FIG. 6 is a schematic diagram of a Bezier curve;

[00113] FIG. 7 is an example of a mapping curve when maximum luminance of an image is the
same as maximum display luminance of a display device;

[00114] FIG. 8 is a schematic diagram of a system architecture according to an embodiment of
this application;

[00115] FIG. 9 is a schematic flowchart of a dynamic range mapping method according to an
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embodiment of this application;

[00116] FIG. 10 is a schematic block diagram of a dynamic range mapping apparatus according
to an embodiment of this application; and

[00117] FIG. 11 is a schematic block diagram of another dynamic range mapping apparatus

according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[00118] The following describes technical solutions of this application with reference to
accompanying drawings.

[00119] First, related concepts and technologies in embodiments of this application are briefly
described.

[00120] 1. A dynamic range (dynamic range) indicates a ratio of a maximum value to a
minimum value of a variable in many fields. For a digital image, a dynamic range indicates a ratio
of maximum luminance to minimum luminance in a range in which the image can be displayed. A
dynamic range in nature is quite large. For example, luminance of a night scene in the starry sky
is about 0.001 cd/m?, and luminance of the sun is up to 1,000,000,000 cd/m?. Herein, cd/m?
(candela per square meter) is the derived unit of luminance in the international system of units.
Therefore, the dynamic range in nature reaches an order of magnitude of 1,000,000,000/0.001 =
10",

[00121] However, in a real scene in nature, the luminance of the sun and the luminance of a star
are not obtained at the same time. For a natural scene in the real world, a dynamic range is from
1073 to 10°. This dynamic range is quite large, and therefore is usually referred to as a high dynamic
range (high dynamic range, HDR). Compared with the high dynamic range, a dynamic range for
a common image is referred to as a low dynamic range (low dynamic range, LDR) or a standard
dynamic range (standard dynamic range, SDR). Therefore, it may be understood that an imaging
process of a digital camera is actually a mapping process from a high dynamic range of the real
world to a low dynamic range of a photo. FIG. 1 shows an example of low dynamic mapping from
a high dynamic range of the real world to a display device.

[00122]  Alarger dynamic range of an image indicates more scene details displayed in the image,

more luminance levels and more realistic visual effect. For a conventional digital image, one pixel
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value is generally stored by using one-byte (that is, 8-bit) space. For a high dynamic range image,
one pixel value is stored by using a plurality of bytes of a floating point number, and therefore a
high dynamic range for a natural scene can be represented.

[00123] In an optical digital imaging process (for example, an imaging process of a digital
camera), optical radiation in a real scene is converted into an electrical signal by using an image
sensor, and the electrical signal is stored in a form of a digital image. Image display aims to
reproduce, by using a display device, a real scene described by a digital image. An ultimate
objective of the optical digital imaging process and the image display is to enable a user to obtain
visual perception the same as that obtained when the user directly observes the real scene.
[00124] However, a luminance level that can be presented by optical radiation (optical signal)
for the real scene is almost linear. Therefore, the optical signal is also referred to as a linear signal.
However, in a process of converting the optical signal into an electrical signal in optical digital
imaging, not every optical signal corresponds to one electrical signal. In addition, an electrical
signal obtained through conversion is non-linear. Therefore, the electrical signal is also referred to
as a non-linear signal.

[00125] 2. An optical electro transfer function (optical electro transfer function, OETF)
represents a conversion relationship between a linear signal and a nonlinear signal of an image
pixel.

[00126] Before the advent of a camera capable of capturing an HDR image, a conventional
camera can only record captured light information within a specific range by controlling an
exposure value. Because maximum illumination information of a display device cannot reach
luminance information of the real world, and the display device is used to browse an image, an
optical electro transfer function is required. An early display device is a cathode ray tube (cathode
ray tube, CRT) display, and an optical electro transfer function of the cathode ray tube display is a
Gamma function. The optical electro transfer function based on the "Gamma" function is defined
in the international telecommunication union-radio communication sector (international
telecommunication union-radio communication sector, ITU-R) recommendation BT.1886

standard, as shown in the following formula (1):

V = 1.099L%45 — 0.099 for 1 > L > 0.018
V' =4500 for 0.018 >L >0

[00127] An image obtained after quantization into § bits through the foregoing conversion is a

(1)

conventional SDR image. The SDR image and the transfer function in the foregoing formula (1)
23
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perform well on a conventional display device (illumination is about 100 cd/m?).
[00128] A display device is continuously upgraded. Compared with a conventional display
device, a current display device can display a dynamic range that continuously increases. An
existing consumer-level HDR display can have a display range of up to 600 cd/m?, and a high-end
HDR display can have a display range of up to 2000 cd/m?, which are far beyond a display range
of a conventional SDR display device. Therefore, in the ITU-R BT.1886 standard protocol, an
optical electro transfer function adapting to the conventional SDR display device cannot well
represent display performance of a current HDR display device. Therefore, it is necessary to
improve the optical electro transfer function to adapt to upgrading of the HDR display device.
[00129] An HDR optical electro transfer function OETF mainly includes the following three
types: a perceptual quantizer (perceptual quantizer, PQ) optical electro transfer function, a hybrid
log-gamma (hybrid log-Gamma, HLG) optical electro transfer function, and a scene luminance
fidelity (scene luminance fidelity, SLF) optical electro transfer function. The three optical electro
transfer functions are specified in an audio video coding standard (audio video coding standard,
AVS).
[00130] The PQ optical electro transfer function is a perceptual quantizer optical electro transfer
function provided based on a luminance perception model for human eyes. FIG. 2 is a diagram of
the PQ optical electro transfer function.
[00131] The PQ optical electro transfer function represents a conversion relationship between
a linear signal value of an image pixel and a non-linear signal value in a PQ domain. The PQ
optical electro transfer function may be represented as a formula (2):

[R'= PO _TF (max (0, min (R /10000,1)))

JG':PQ_TF(max(O,min(G/10000,1))) ).

|
|B'=PQ _TF(max (0,min(B/10000,1)))

[00132] Each parameter in the formula (2) is calculated as follows:

' (cl+chm1 V"
L :PQ_TF(L):L—mI J
l+¢,L

L represents a linear signal value with a value normalized to [0, 1], ' represents a

non-linear signal value with a value range of [0, 1], m;, my, ci, c2, and c3 are PQ optical electro

. 2610 1 2523
transfer coefficients, m; =——x—=0.1593017578 125 , m, =
4 4096

= x 128 = 78.84375
4096

3
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¢ =c3—cy +1=—"-=10.8359375 , cy = x 32 =18.8515625 , and
4096 4096
2392
3= x32 =18.6875 .
4096

[00133] The HLG optical electro transfer function is obtained by improving a conventional
gamma curve. FIG. 3 is a diagram of the HLG optical electro transfer function.

[00134] For the HLG optical electro transfer function, the conventional gamma curve is used in
a low luminance region, and a log curve is supplemented in a high luminance region. The HLG
optical electro transfer function represents a conversion relationship between a linear signal value
of an image pixel and a non-linear signal value in an HLG domain. The HLG optical electro

transfer function may be represented as a formula (3):

JL/2,0<L <1
L'=HLG TF(L)= Q3).
aln(L-b)+c,1<L

[00135] L represents a linear signal value with a value range of [0, 12], L' represents a non-
linear signal value with a value range of [0, 1], a, b, and ¢ are HLG optical electro transfer
coefficients, a=0.17883277, b = 0.28466892, and ¢ = 0.55991073.

[00136] The SLF optical electro transfer function is an optimal curve obtained based on
luminance distribution in an HDR scene when optical characteristics of human eyes are satisfied.
FIG. 4 is a diagram of the SLF optical electro transfer function.

[00137] The SLF optical electro transfer curve represents a conversion relationship between a
linear signal value of an image pixel and a non-linear signal value in an SLF domain. The
conversion relationship between the linear signal value of the image pixel and the non-linear signal

value in the SLF domain is shown in a formula (4):
(R
o
|

|B'=SLF _TF (max (0,min (B/10000.1)))

SLF _TF (max (0, min (R /10000,1)))

SLF_TF(max(o,min(G /10000,1))) ).

[00138] The SLF optical electro transfer function may be represented as a formula (5):

pxL "

—(p—l)XLJ +b (5)

L'=SLF TF(L)=a x (

[00139] L represents a linear signal value with a value normalized to [0, 1], L' represents a
non-linear signal value with a value range of [0, 1], p, m, a, and b are SLF optical electro transfer
coefficients, p=2.3, m=0.14,a=1.12762, and b =—-0.12762.
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[00140] 3. A dynamic range mapping method is mainly applied to an adaptation process
between a front-end HDR signal and a back-end HDR display device, including a tone mapping
(tone mapping) process from high to low and a tone mapping process from low to high. For
example, a front end collects a 4000-nit illumination signal, while a back-end display device (for
example, a TV series or a tablet computer) has an HDR display capability of only 500 nits.
Therefore, mapping the 4000-nit illumination signal to the 500-nit display device is a tone mapping
process from high to low. For another example, a front end collects a 100-nit SDR illumination
signal, while a back-end display device has an HDR display capability of 2000 nits. Therefore,
mapping the 100-nit illumination signal to the 2000-nit display device is a tone mapping process
from low to high.

[00141] The dynamic range mapping method may be divided into static dynamic range mapping
and dynamic dynamic range mapping. In a static dynamic range mapping method, based on same
video content or same hard disk content, an overall tone mapping process is performed by using a
single piece of data, that is, a processing curve of the same video content or hard disk content is
usually the same. Advantages of this method are that less information is carried, and a processing
procedure is relatively simple. A disadvantage of this method is that a same curve is used for
performing tone mapping in all scenes, resulting in information loss in some scenes. For example,
if a curve focuses on protecting a bright region, some details may be lost or invisible in some
extremely dark scenes, which affects user experience.

[00142] The dynamic mapping method is to dynamically adjust based on a specific region, each
scene, or content of each frame. An advantage of this method is that different curves may be used
for processing based on a specific region, each scene, or each frame, and a processed image has a
better display result. However, a disadvantage is that each frame or each scene needs to carry
related scene information, and a large amount of information is carried.

[00143] Currently, there are following five tone mapping technologies. The following describes
the five tone mapping technologies.

[00144] Technology 1 is a sigmoid curve-based tone mapping process proposed by Dolby. FIG.
5 is a schematic diagram of a sigmoid curve. Refer to FIG. 5, a horizontal coordinate represents
input luminance, that is, luminance of an HDR image before dynamic range adjustment, and a
vertical coordinate represents output luminance, that is, luminance of an image obtained after
dynamic range adjustment. A shape of the sigmoid curve is an "S" shape, and a slope of the curve
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first increases and then decreases. For example, an adjustment point on the sigmoid curve is used
as an example. By using the sigmoid curve, a source adjustment level (source adaptation level)
whose luminance is about 300 cd/m? may be mapped to a target adjustment level (target adaptation
level) whose luminance is about 30 cd/m?.

[00145] Technology 2 is a tone mapping process based on a Bezier curve. FIG. 6 is a schematic
diagram of the Bezier curve. In FIG. 6, a horizontal coordinate represents input luminance, that is,
luminance of an HDR image before dynamic range adjustment, and a vertical coordinate represents
output luminance, that is, luminance of an image obtained after dynamic range adjustment. The
Bezier curve is a linear mapping process in a range of input luminance from 0 to K, and is an "S"-
shaped curve in a range of input luminance from K to 1, and a slope of the curve first increases
and then decreases.

[00146] Technology 3 is a tone mapping process based on an S-shaped curve perceived by

human eyes. A form of the curve is shown in a formula (6):

' _ pXxL™ m
L'=F(l)=ax ((klxp—kz)xL”+k3) +b (6).

[00147] Land L' represent a normalized electrical signal or optical signal, a value of a ranges
from 0.0 to 1.0, a value of b ranges from 0.0 to 1.0, values of p, n, and m range from 0.1 to N, N
is a rational number greater than 0.1, L' is a rational number ranging from 0.0 to 1.0, L is a rational
number ranging from 0.0 to 1.0, and k1, k2, and k3 are rational numbers.

[00148] Technology 4 is a tone mapping process combining a cubic spline and an S-shaped

curve of a straight line. A form of a part of curve is shown in the following formula (7):
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MBOXL,L<TH1[0]
MD1[i]x(L—TH1[i])3+MC1[i]x (L—TH1[i])2+MB1[i]x (L—TH1[i])+ MA1[i], TH1[i]<L<TH2[i]

L' = F(L) = { MD2[i] x (L — TH2[i])® + MC2[i] X (L — TH2[i])? + MB2[i] x (L — TH2[i]) + MA2[i], TH2[i] < L < TH3[i] (7).
a X ((k1Xp—Z)z:<2L)T>l<L”+k3)m + b, or others

[00149] Land L' are normalized electrical signals or optical signals. A value of a ranges from 0.0 to 1.0, a value of b ranges from 0.0 to 1.0, values
of p, n, and m range from 0.1 to N, N is a rational number greater than 0.1, L' is a rational number ranging from 0.0 to 1.0, L is a rational number ranging

from 0.0 to 1.0, k1, k2, and k3 are rational numbers, k1 and k2 are not 0 at the same time, and K3 is not 0. TH1[i], TH2[i], and TH3[i] are rational

numbers ranging from 0.0 to 1.0.

[00150] Technology 5 is another tone mapping process combining a cubic spline and an S-shaped curve of a straight line. A form of a part of curve is

shown in the following formula (8):

MBOXL,L<TH1[0]
MD1[i]x(L—TH1[i])3+MC1[i]x(L—TH1[i])2+MB1[i]x(L—TH1[i])+ MA1[i],TH1[i]SL<TH2[{]

MDZ[i] X (L — THZ[i])3 + MCZ[i] X (L — THZ[i])2 + MBZ[i] X (L — THZ[iD + MAZ[i],THZ[i] <L< TH3[i]
pXxL" m
ax ((klxp—kz)an+k3) +b,L <LIT
MB3 X L,L > MAX(TH[i], LT)

LU'=F(L) = (8).

[00151] L and L' are normalized electrical signals or optical signals. A value of a ranges from 0.0 to 1.0, a value of b ranges from 0.0 to 1.0, values
of p, n, and m range from 0.1 to N, N is a rational number greater than 0.1, L' is a rational number ranging from 0.0 to 1.0, L is a rational number ranging
from 0.0 to 1.0, and k1, k2, and k3 are rational numbers. LT is a preset rational number, and is a rational number ranging from 0.0 to 1.0. TH1[1], TH2[i],
and TH3[i] are rational numbers ranging from 0.0 to 1.0.

[00152] Metadata related to a curve parameter is sent in dynamic metadata.
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[00153] For Technology 1, in dynamic metadata definition related to Dolby St2094-10, not only
these statistical values, such as a maximum value (maximum PQ-encoded maxRGB), a minimum
value (minimum PQ-encoded maxRGB, and an average value (PQ-encoded maxRGB), but also
these sigmoid curve-related parameters, such as a tone mapping offset (tone mapping offset), a
tone mapping gain (tone mapping gain), and tone mapping gamma (tone mapping gamma) are sent.
[00154] For Technology 2, in dynamic metadata definition related to St2094-40, histogram
information (distribution MaxRGB) is included, and a Bezier curve parameter (Bezier curve
anchors) is also included for directly generating a curve.

[00155] In addition, in St2094 series standards, the metadata includes targeted system display
actual peak luminance (targeted system display actual peak luminance).

[00156] For Technology 3, Technology 4, and Technology 5, information such as a maximum
value, a minimum value, and an average value may be transferred in the metadata, and curve
parameters such as p, m, a, b, n, K1, K2 and K3 may also be transferred.

[00157] When maximum luminance of an image is less than maximum display luminance of a
display device, a dynamic range mapping algorithm in Technology 1 to Technology 5 may be used
to adjust a high dynamic range image to a dynamic range that can be displayed by the display
device for display. However, when the maximum luminance of the image is close to the maximum
display luminance of the display device, if the dynamic range mapping algorithm in Technology 1
to Technology 5 is still used, there is an abnormality that luminance of a pixel of a mapped display
device is greater than that of an original image.

[00158] FIG. 7 shows an example of a tone mapping curve when the maximum luminance of
the image is the same as the maximum display luminance of the display device (for example, both
are 500 cd/m?). Refer to FIG. 7, a straight line y = x (two endpoints are respectively A (500, 500)
and B (0, 0)) corresponds to a tone mapping curve in which input luminance is the same as output
luminance. The luminance of the pixel of the display device is the same as the luminance of the
original image based on the straight line y = x. For example, for a point D on y = x, both input
luminance and output luminance are 450 cd/m?.

[00159]  Still refer to FIG. 7, for an "S"-shaped curve (two endpoints are respectively A (500,
500) and B (0, 0), for example, the sigmoid curve in Technology 1), when input luminance is close
to 500 cd/m?, and input luminance is the same, output luminance of tone mapping performed by
using the "S"-shaped curve is greater than output luminance of tone mapping performed by using
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y =X. For example, for a point E on the "S"-shaped curve with same input luminance as the point
D, output luminance of the point E is 480 cd/m?.

[00160] In view of this, this application provides a dynamic range mapping method. When
maximum luminance of an image is close to maximum display luminance of a display device, a
parameter of an original tone mapping curve is adjusted, so that output luminance of a tone
mapping curve corresponding to an adjusted parameter is not greater than input luminance of the
tone mapping curve. This helps avoid an abnormality that luminance of a pixel of a mapped display
device is greater than that of an original image. Herein, the original tone mapping curve may be a
fixed curve that is adjusted based on targeted system display actual peak luminance in metadata of
image data, for example, the tone mapping curves in Technology 1 to Technology 5.

[00161] FIG. 8 is a schematic diagram of a system architecture of the dynamic range mapping
method according to an embodiment of this application. Refer to FIG. &, a front end may obtain
HDR content through collection and production, and send the HDR content and metadata of the
HDR content to a display end through a transmission layer. The display end may include an HDR
display device and further include an SDR display device. In an example, when the display end
includes the HDR display device, the HDR content may be mapped to the HDR display device.
When the display end includes the SDR display device, the HDR content may be mapped to the
SDR display device.

[00162] For example, a product form of the display end may be an electronic device such as a
set-top box, a television display device, a mobile phone display device, or a conversion device for
live webcasting and video applications.

[00163] In an example, on a set-top box, a television display device, or a mobile phone display
device, a solution provided in this embodiment of this application may be implemented in a form
of a hardware chip. On a live webcasting device or a video playback device, a solution provided
in this embodiment of this application are mainly implemented in a form of software program code.
However, this embodiment of this application is not limited thereto.

[00164] It should be noted that, in this embodiment of this application, only the application
scene in FIG. 7 is used as an example for description, but the system architecture applied to this
embodiment of this application is not limited thereto. For example, the front end may further obtain
SDR content. In this case, when the display end includes the HDR display device, the SDR content
may be mapped to the HDR display device.
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[00165] FIG. 9 is a schematic flowchart of a dynamic range mapping method 900 according to
an embodiment of this application. The method 900 is applicable to the application scene provided
in FIG. 8, for example, is performed by the display end shown in FIG. 8. Refer to FIG. 9, the
method 900 includes the following steps 910 to 940.

[00166] 910: Obtain feature information of image data and a display parameter of a local display
device. Herein, the image data (which may be represented as V) may be HDR image data or SDR
image data. This is not limited in this embodiment of this application.

[00167] For example, a display device may receive a video source from the front end. The video
source mainly includes image data V, for example, pixel data. In a specific example, a 4K video
source may include luminance and color data of 3840*2160 pixels, and the like.

[00168] It should be noted that a format of the image data V is not limited in this embodiment
of this application. For example, in terms of a color space of pixel data, the image data V may be
image data in a Y (luminance) UV (chrominance) space, or may be image data in an RGB pixel
space. For another example, in terms of a bit width of pixel data, the image data V may be a bit
width of 8 bits, in other words, a bit width of 10 bits, or a bit width of 12 bits.

[00169] In some embodiments, when the image data V is obtained, the feature information of
the image data may be further obtained, for example, obtained from metadata (metadata) M. The
metadata M of the image data V indicates a data feature of the image data, for example, may
include a format of the image data, or a curve parameter Mcurve corresponding to the image data V,
targeted system display actual peak luminance MrtpL (targeted system display actual peak
luminance), a maximum luminance value MaxSource (maximum values of Y components of all
pixels, or a maximum value of maximum values of RGB components of all pixels) of content of
the image data, a minimum value MinSource (minimum values of Y components of all pixels, or
a minimum value of maximum values of RGB components of all pixels), an average value (an
average value of Y components of all pixels, or an average value of maximum values of RGB
components of all pixels), a change range of displayed content, and the like. This is not limited in
this embodiment of this application.

[00170] In some embodiments, the feature information of the image data may be further
obtained from pixel information of the image data V. Alternatively, a feature information value of
the image data with a preset value is used. This is not limited in this embodiment of this application.
[00171] It should be noted that when the metadata M includes the curve parameter Mcurve, a
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format of the curve parameter Mcurve 1s not limited in this embodiment of this application. For
example, for Technology 3, the curve parameter Mcure included in the metadata may be p, m, a, b,
n, K1, K2, K3, or the like.

[00172] In some embodiments, the metadata includes dynamic metadata and static metadata.
Refer to a standard ST2094-1 dynamic metadata for color volume transform or a related standard
for static metadata (static metadata). For example, the metadata may be packaged together with an
image, for example, include SEI packages of different file formats and different encoding
standards, and some package structures related to an HDMI of hardware.

[00173] In some embodiments, the display device may further obtain a display parameter MtpL
(which may also be referred to as a display luminance parameter) of the display device (that is, an
actual terminal device P or a local display device). For example, the display parameter MtpL may
include maximum display luminance MaxDisplay of the display device and minimum display
luminance MinDisplay of the display device, or another parameter. This is not limited in this
embodiment of this application.

[00174] 920: Obtain a first parameter of a first tone mapping curve of the image data.

[00175] Forexample, the display device may obtain the first parameter of the first tone mapping
curve of the image data V based on the metadata M of the image data V and the display parameter
MrpL of the display device. For example, the first parameter of the first tone mapping curve is
obtained based on an average luminance value average maxrgb, and/or a maximum luminance
value MaxSource, and/or a minimum luminance value MinSource of the content of the image data
V in the metadata M, and/or the maximum display luminance MaxDisplay of the display device,
and/or the minimum display luminance MinDisplay of the display device, and/or the curve
parameter Mcurve (1, p2, ...), and/or other data, and may be represented as Plcuve (X, pI, p2, ...).
X is an input luminance value, and p/, p2, ... are curve parameter values.

[00176] It should be noted that a form of the first parameter P1cuwe of the first tone mapping
curve is not limited in this embodiment of this application. In addition, data used to generate the
first parameter Plcurve Or an algorithm used to generate the first parameter P1cuwe is not limited in
this embodiment of this application. For example, the data used to generate the first parameter
Plcuve may be metadata, and/or a display parameter of the display device, or may be other preset
data.

[00177] In a specific example, for Technology 5, the curve parameter Mcure includes, for
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example, parameter values (p, m, a, b, n, K1, K2, or K3) and (TH1[1], TH2[i], TH3[i], or MBO).
The first parameter Plcurve (for example, ppi, mp1, ap1, bpi, np1, Klpi, K2p1, K3p1, THI[1i], TH2[i],
TH3[i], MD1[i], MC1[i], MB1[i], MA1[i], MD2[i], MC2[i], MB2[i], MA2[i], or MB3) of the first
tone mapping curve may be obtained based on the curve parameter Mcurve.

[00178] In another specific example, for Technology 4, the curve parameter Mcurve includes, for
example, parameter values (p, m, a, b, n, K1, K2, or K3) and (TH1[i], TH2[i], TH3[i], or MBO).
The first parameter P1curve (for example, ppi, mpi, ap1, bpi, np1, Klp1, K2p1, K3p1, TH1[1], TH2[1],
TH3[i], MD1[i], MC1[i], MB1[i], MA1[i], MD2[i], MC2[i], MB2[i], or MAZ2[i]) of the first tone
mapping curve may be obtained based on the curve parameter Mcurve.

[00179] It should be noted that the first tone mapping curve in this embodiment of this
application is an example of the foregoing original tone mapping curve, and includes but is not
limited to the tone mapping curves used in Technology 1, Technology 2, Technology 3, Technology
4, and Technology 5. The first parameter of the first mapping curve in this application includes but
is not limited to parameters related to the tone mapping curves used in Technology 1, Technology
2, Technology 3, Technology 4, and Technology 5.

[00180] 930: When a preset condition is met, obtain a second parameter of a second tone
mapping curve based on the feature information, the display parameter, and the first parameter.
Output luminance at a first point on the second tone mapping curve is not greater than input
luminance at the first point on the second tone mapping curve. That is, within an input luminance
range of the second tone mapping curve, output luminance obtained by mapping any input
luminance based on the second tone mapping curve is not greater than the input luminance. The
second parameter is used to perform dynamic range mapping on the image data, and may be
represented as Reurve.

[00181] In an example, input luminance of a tone mapping curve may be linear light, or may be
anon-linear value, or may be a value obtained after a linear relationship is normalized (for example,
10000 is used as 1, or maximum luminance of content is used as 1). This is not limited in this

embodiment of this application.
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[00182] For example, the second parameter Rcurve 0of the second tone mapping curve may be obtained based on the first parameter P1curve, the average
luminance value average maxrgb, and/or the maximum luminance value MaxSource, and/or the minimum luminance value MinSource of the content of
the image data V, and/or the maximum display luminance MaxDisplay of the display device, and/or the minimum display luminance MinDisplay of the
display device, and/or other data.

[00183] For example, the second parameter Reurve may have a form shown in the following formula (9):

DarkXxL,L<TH3C
MD1DX(L-TH1D)3+MC1DX(L—TH1D)2+MB1DX(L-TH1D)+MA1D,TH1D<L<TH2D

L' = F(L) = {MD2D x (L — TH2D)? + MC2D x (L — TH2D)? + MB2D x (L — TH2D) + MA2D,TH2D < L < TH3D 9).
Tewrve (L), or others

[00184] Land L' arenormalized electrical signals or optical signals, and Dark, TH3C, TH2D, TH3D, MD1D, MC1D, MB1D, MA1D, MD2D, MC2D,
MB2D and MA2D are rational numbers.

[00185] In some embodiments, the preset condition is, for example, that when tone mapping is performed on the image data based on the first tone
mapping curve, output luminance of a point on the first tone mapping curve is greater than input luminance of the point on the first tone mapping curve.
[00186] It should be noted that, in this embodiment of this application, when a difference between output luminance and input luminance of a tone
mapping curve is within a first range, it may be considered that the output luminance and the input luminance are basically the same. In other words,
when the output luminance of the tone mapping curve is greater than the input luminance, and the difference between the output luminance and the input
luminance is within the first range, it may be considered that the output luminance and the input luminance are basically the same. Otherwise, when the
output luminance of the tone mapping curve is greater than the input luminance, and the difference between the output luminance and the input luminance

exceeds the first range, it may be considered that the output luminance is greater than the input luminance.

34



10

15

20

25

30

[00187] When the preset condition is met, that is, output luminance of the first tone mapping
curve is greater than input luminance of the first tone mapping curve when tone mapping is
performed on the image data based on the first parameter, a process of generating the second
parameter Reurve of the second tone mapping curve is performed.

[00188] In a possible implementation, the preset condition may be that a parameter pp1 in the
first parameter is greater than a first value Tp. The first value Tp is obtained based on ap; in the
first parameter and a preset correspondence between api and ppi. Tp represents a threshold of the
curve parameter p in Technology 3, Technology 4, or Technology 5. When the first parameter ppi
exceeds Tp, output luminance at a point on the second tone mapping curve may be greater than
input luminance.

[00189] In a specific example, for Technology 4 or Technology 5, the first parameter P1curve
includes parameters such as api and ppi. In this case, api may be used as Ta, and a corresponding
first value Tp is obtained by looking up a table Tpa (Tp, Ta). Herein, the table Tpa (Tp, Ta) is an
example of the preset correspondence between api and ppi. Ta represents a threshold of the curve
parameter a in Technology 3, Technology 4, or Technology 5.

[00190] If ppi is greater than Tp, the preset condition is met. Optionally, in this case, pp1 in the
first parameter Plcuve may be replaced with the first value Tp obtained through table lookup. In
this way, a first parameter Plcuve oObtained after replacement may be the foregoing second
parameter Reurve.

[00191] If ppi is less than or equal to Tp, the process of generating the second parameter Reurve
of the second tone mapping curve does not need to be performed.

[00192] In another possible implementation, the preset condition may be that a parameter ap; in
the first parameter is greater than a second value Ta. The second value Ta is obtained based on pp:
in the first parameter and a preset correspondence between api and ppi. When the first parameter
ap1 exceeds Ta, output luminance at a point on the second tone mapping curve may be greater than
input luminance.

[00193] In a specific example, for Technology 4 or Technology 5, the first parameter P1curve
includes parameters such as api and ppi. In this case, pp1 may be used as Tp, and a corresponding
second value Ta is obtained by looking up a table Tpa (Tp, Ta). Herein, the table Tpa (Tp, Ta) is
an example of the preset correspondence between api and ppi.

[00194] If ap; is greater than Ta, the preset condition is met. Optionally, in this case, ap; in the
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first parameter P1cuve may be replaced with the second value Ta obtained through table lookup. In
this way, the first parameter obtained after replacement may be the second parameter Reurve.
[00195] If api is less than or equal to Ta, the process of generating the second parameter Reurve
of the second tone mapping curve does not need to be performed.

[00196] In the foregoing example, Table Tpa (Tp, Ta) is a preset rational number combination,
for example, (3.5, 0.879) and (4.5, 0.777). It should be noted that, for a value that does not appear
in the table, the value may be generated by using a linear difference, an adjacent value, a weighted
average value of adjacent values, or the like. In addition, a specific form of the table Tpa (Tp, Ta)
is not limited in this embodiment of this application. For example, the table Tpa (Tp, Ta) may
alternatively be represented as a function relationship between Tp and Ta.

[00197] Inanother possible implementation, the preset condition is that a product of a parameter
ap1 and a parameter pP1 in the first parameter is greater than a third value Tap. The third value Tap
is a preset rational number. For example, the third value Tap may be a rational number between 3
and 4, for example, 3.2 or 3.4. This is not limited in this embodiment of this application.

[00198] In a specific example, for Technology 4 or Technology 5, the first parameter P1curve
includes parameters such as ap; and ppi. In this case, whether the product ap; * pP1 of the parameter
ap1 and the parameter pp; is greater than a preset value Tap may be determined.

[00199] Ifapi * ppi is greater than Tap, the preset condition is met. Optionally, in this case, ppi
in the first parameter Plcuve may be replaced with Tap/api, or ap in the first parameter may be
replaced with Tap/ppi. In this way, the first parameter obtained after replacement may be the second
parameter Reurve.

[00200] Ifapi * ppi is less than or equal to Tap, the process of generating the second parameter
Reurve of the second tone mapping curve does not need to be performed.

[00201] In some other embodiments, the first parameter P1cure corresponding to the first tone
mapping curve may alternatively be further converted into an absolute luminance space, for
example, a linear space, or a non-linear space such as PQ or HLG. In this case, it needs to be
ensured that luminance of y and x with a same value is the same. Then, it may be determined,
based on whether the first tone mapping curve has an intersection point with the straight line y =
x, that the first tone mapping curve has a part higher than y = x. For example, if the first tone
mapping curve has an intersection point with the straight line y = x, it may be determined that the
first tone mapping curve has a part higher than y = x. If the first tone mapping curve does not have
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an intersection point with y = x, it may be determined that the first tone mapping curve does not
have a part higher than y = x.

[00202] Therefore, in this embodiment of this application, a parameter of the first tone mapping
curve is further adjusted, so that output luminance of a point on a tone mapping curve (that is, the
second tone mapping curve) corresponding to an adjusted curve parameter (that is, the second
parameter) is not greater than corresponding input luminance of the point. This helps avoid, when
maximum display luminance of an image is close to maximum display luminance of a display
device, an abnormality that luminance of a pixel of a mapped terminal device is greater than that
of an original image.

[00203] In some optional embodiments, the second parameter further includes a linear spline
curve parameter. The linear spline curve parameter includes a maximum value TH3C (which may
also be referred to as first maximum input luminance TH3C) of a luminance value of a range pixel
of a linear spline (which may be denoted as a first linear spline) in the second tone mapping curve,
and a slope Dark of the first linear spline. For example, the first linear spline is, for example, a
tone mapping curve whose input luminance is less than TH3C in the foregoing formula (9), that
is, Dark x L,L < TH3C. L < TH3C is range pixel of the first linear spline.

[00204] Optionally, the display device may obtain a maximum value TH3CO (which may also
be referred to as initial first maximum input luminance TH3CO0) of a luminance value of an initial
range pixel of the first linear spline and an initial slope Dark0, then determine the first maximum
input luminance TH3C based on the initial first maximum input luminance TH3CO0, and determine
the slope Dark based on the initial slope DarkO.

[00205] The following describes three methods for obtaining the initial first maximum input
luminance TH3CO provided in this embodiment of this application.

[00206] Method 1

[00207] The display device may determine the initial first maximum input luminance TH3CO
based on the first parameter Plcuve. For example, when the first tone mapping curve has a linear
spline (which may be denoted as a second linear spline, for example, Technology 2, Technology
4, or Technology 5), the initial first maximum input luminance TH3CO may be determined as a
maximum value of a luminance value of a range pixel of the second linear spline.

[00208] Method 2

[00209] The display device determines the initial first maximum input luminance TH3CO based
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on a preset value. For example, the preset value may be a boundary of dark vision and bright vision,
that is, luminance in which responses of a cone cell and a rod cell of a human eye increase and
decrease, for example, 1 nit.

[00210] Method 3

[00211] The display device determines the initial first maximum input luminance TH3CO based
on the metadata M of the image data V. The metadata M includes feature data of a quantity of dark
region pixels in a histogram, for example, a feature luminance location of the quantity of dark
region pixels in the histogram or luminance in which a quantity/an accumulated quantity of pixels
from dark to bright in the dark region pixels significantly changes, or a percentage of a quantity of
pixels accumulated from 0 to feature luminance in total pixels being greater than a preset
percentage.

[00212] The following describes three methods for obtaining the initial slope Dark0 provided
in this embodiment of this application.

[00213] Method 1

[00214] The display device may determine the initial slope Dark0 based on the first parameter
Plcurve. For example, when the first tone mapping curve has a linear spline (for example, a second
linear spline), the initial slope DarkO may be determined as a slope of the second linear spline, for
example, MBO in Technology 4 or Technology 5.

[00215] Method 2

[00216] The display device may determine the initial slope Dark0 based on a ratio of a fourth
value to the first maximum input luminance TH3C. The fourth value is an output value of the first
tone mapping curve at the first maximum input luminance TH3C. For example, the fourth value
may be represented as Vdark = Plcuwve (TH3C). In this case, the initial slope Dark0 may be
represented as (Vdark/TH3C).

[00217] Method 3

[00218] The display device may determine the initial slope Dark(0 based on a slope value of a
preset input value of the first tone mapping curve between 0 and the first maximum input
luminance TH3C. For example, the initial slope DarkO may be an average value, a maximum value,
or an intermediate value of slope values between 0 and the first maximum input luminance TH3C.
This is not limited in this application.

[00219] It should be noted that the foregoing manners of obtaining the initial maximum input
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luminance TH3CO or the initial slope Dark( are merely examples, and do not constitute a limitation
on this embodiment of this application. For example, a manner similar to the foregoing methods,
or a manner of obtaining the initial maximum input luminance TH3CO or the initial slope Dark0
by replacing the foregoing methods with a common means also falls within the protection scope
of this embodiment of this application.
[00220] The following describes two methods for obtaining the first maximum input luminance
TH3C and the slope Dark of the second target tone mapping curve based on the initial first
maximum input luminance TH3CO and the initial slope Dark0 provided in this embodiment of this
application.
[00221] Method 1
[00222] The first maximum input luminance TH3C and the slope Dark may be determined
based on the following formulas (10) and (11), that is, the first initial maximum input luminance
TH3CO0, the first maximum input luminance TH3C, the initial slope Dark0, and the slope Dark
satisfy the following formulas (10) and (11):
TH3C = TH3CO + (MaxSource — TH3C0) * (WA)N? (10), and
Dark = Dark0 + (1 — Dark0) * (WA)N! (11), where

MaxDisplay  MaxDisplay

__ MaxSource G(MaxDisplay)
WA = 1— MaxDisplay
G(MaxDisplay)

, OF

MaxDisplay H(MaxSource)

WA — MaxSource MaxSource
_HMaxSource)

MaxSource

[00223] NI and N2 are rational numbers greater than 0, H(L) is a tone mapping curve, and G(L)
is an inverse function of H(L).

[00224] Method 2

[00225] The first maximum input luminance TH3C and the slope Dark may be determined
based on the following formulas (12) and (13), that is, the first initial maximum input luminance
TH3CO0, the first maximum input luminance TH3C, the initial slope Dark(, and the slope Dark

satisfy the following formulas (12) and (13):

TH3C = TH3CO + (MaxLum — TH3CO0) * (WA)N? (12), and

Dark = Dark0 + (1 — Dark0) * (WA)N! (13), where
MaxDisplay = MaxDisplay

WA = max_lumMaXC];)(i]\S/I;g]:,isplay)’ or

_G(MaxDisplay)
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MaxDisplay H(Max_lum)

__ Max_lum Max_lum
WA = 1_H(Max_lum) .

“Max lum

[00226] MaxLum is an adjustment value of the maximum luminance MaxSource of the image
data, H(L) is a tone mapping curve function, and G(L) is an inverse function of H(L). It should be
noted that a manner of adjusting from MaxSource to MaxLum is not limited in this embodiment
of this application.

[00227] For example, for the tone mapping curve in the following formula (14-1), an inverse

function G(L) of the tone mapping curve is shown in a formula (15-1):

; _ pXxL" m
L' =F(L) = a x ((k1Xp_k2)an+k3) +b (14-1), and

G(L) = () ; (15-1).

p—(K1><p—K2)><(%)E

[00228] For example, for the tone mapping curve in the following formula (14-2), an inverse

function G(L) of the tone mapping curve is shown in a formula (15-2):

' _ pXL" m
L' =F(L) = a x ( (klxp—kz)an+k3> (14-2), and
L 1
G(L) = Kax(5)" 15-2
L) ; (15-2).

p-(K1xp-K2)x(5)™
[00229] In this embodiment of this application, when dynamic range mapping is performed on
the image data based on the second parameter, a straight line part may be used to perform tone
mapping in a dark region of the image data. In this way, a luminance gain can be controlled. In
addition, it is more convenient to control the second parameter to gradually change from a straight
line to a straight line y = x. The straight line y = x is equivalent to that output luminance at any
point on a tone mapping curve is equal to input luminance. Therefore, in this embodiment of this
application, a flicker phenomenon is not likely to be caused for the content with gradient luminance.
[00230] In some optional embodiments, the second tone mapping curve further includes a cubic
spline curve. The second parameter Reurve further includes a minimum value of a luminance value
of a first range pixel of a first cubic spline of the second tone mapping curve. In this case, the
display device may determine, based on the maximum value TH3C of a luminance value of the
range pixel of the linear spline on the second tone mapping curve, that is, the first maximum input
luminance TH3C, a maximum value TH1D of a luminance value of a first range pixel of the first
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cubic spline. For example, the maximum value THI1D of the luminance value of the first range
pixel may be equal to the first maximum input luminance TH3C, that is, THID = TH3C.

[00231] For example, a tone mapping curve corresponding to the first cubic spline may be a
tone mapping curve whose input luminance range is greater than or equal to TH3C and less than
TH2D in the foregoing formula (9), that is, MD1D X (L — TH1D)3 + MC1D x (L — TH1D)? +
MB1D x (L — TH1D) + MA1D,TH1D < L < TH2D, where TH1D <L < TH2D s the first
range pixel.

[00232] The second parameter Reurve further includes a maximum value TH2D of a luminance
value of the first range pixel of the first cubic spline, and the maximum value TH2D may also be
referred to as the second maximum input luminance TH2D. For example, the second maximum
input luminance TH2D may be determined based on the foregoing maximum value TH1D of the
luminance value of the first range pixel.

[00233] In some optional embodiments, the second parameter Rcure further includes a
maximum value TH3D of a luminance value of a second range pixel of a second cubic spline on
the second tone mapping curve, and the maximum value TH3D may also be referred to as a third
maximum input luminance TH3D. Optionally, the minimum value of the luminance value of the
second range pixel may be TH2D. For example, a tone mapping curve corresponding to the second
cubic spline may be a tone mapping curve whose input luminance range is greater than or equal to
TH2D and less than TH3D in the foregoing formula (9), that is, MD2D x (L — TH2D)3 +
MC2D X (L — TH2D)? + MB2D X (L — TH2D) + MA2D,TH2D < L < TH3D , where
TH2D < L < TH3D is the second range pixel.

[00234] For example, the display device may determine the third maximum input luminance
TH3D based on the maximum value TH1D of the luminance value of the first range pixel and the
second maximum input luminance TH2D.

[00235] The following describes three methods for determining the second maximum input
luminance TH2D and the third maximum input luminance TH3D provided in this embodiment of
this application.

[00236] Method 1

[00237] The display device may determine the second maximum input luminance TH2D based
on the maximum value TH1D of the luminance value of the first range pixel and TH1[0], TH2[0],
and TH3[0] in the first parameter (or parameters TH1[0], TH2[0], and TH3[0] included in the
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metadata M). For example, TH2D and TH3D may respectively satisfy the following formula (16-
1) and formula (17-1):
TH2D = THI1D + TH2[0] — TH1[0] (16-1), and
TH3D = TH2D + TH3[0] — TH2[0] (17-1).
[00238] Method 2
[00239] The display device may determine the second maximum input luminance TH2D based
on the maximum value TH1D of the luminance value of the first range pixel and deltaTH2[0] and
deltaTH3[0] in the first parameter (or parameters deltaTH2[0] and deltaTH3[0] included in the
metadata M). For example, TH2D and TH3D may respectively satisfy the following formula (16-
2) and formula (17-2):
TH2D = THI1D + deltaTH2[0] (16-2), and
TH3D = TH2D + deltaTH3[0] (17-2).
[00240] Method 3
[00241] The display device may determine TH2D and TH3D based on THID and the preset

value. For example, TH2D and TH3D may respectively satisfy the following formula (18) and

formula (19):
TH2D =THID + B (18), and
TH3D =TH2D + C * TH2D - D * THID (19).

[00242] B is a rational number greater than 0, for example, may be an offset value
corresponding to a luminance value of a dark-bright transition region pixel, and a default value of
B may be 0.15. C and D are rational numbers greater than 0, for example, are weighting
coefficients corresponding to a luminance value of a bright-region pixel, and default values of C
and D may be 0.5.

[00243] Optionally, parameters such as MDID, MCI1D, MB1D, MA1D, MD2D, MC2D,
MB2D and MA2D in the second parameter Reuve (that is, in the formula (9)) may be determined.
For example, these parameters may be determined based on the following formulas (14) to (19).
[00244] In some embodiments, the minimum value TH1D of the luminance value of the first
range pixel of the first cubic spline on the second tone mapping curve is the same as the first
maximum input luminance TH3C (that is, the maximum value TH3C of the luminance value of
the range pixel of the first linear spline). In this way, the range pixel of the linear spline on the
second tone mapping curve can be consecutive with first range pixel of the first cubic spline. In
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addition, output values of the first linear spline and the first cubic spline on the second tone
mapping curve at TH1D are the same, and first-order derivatives of the first linear spline and the
first cubic spline on the second tone mapping curve at TH1D are the same, that is, the second tone
mapping curve is consecutive at THID.

[00245] For example, for the Reurve parameter in the formula (9), when the second tone mapping

curve is consecutive at TH1D, MA1D, Dark, TH3C, and MBI1D satisfy the following formulas

(20) and (21):
Dark x TH3C = MA1D (20), and
Dark = MB1D (21).

[00246] In some embodiments, the maximum value of the luminance value of the second range
pixel of the second cubic spline is the same as the maximum value TH2D of the luminance value
of'the first range pixel of the first cubic spline, that is, the second maximum input luminance TH2D.
Output values of the second cubic spline and the first cubic spline at TH2D are the same. In this
way, the first range pixel of the first cubic spline on the second tone mapping curve can be
consecutive with the second range pixel of the second cubic spline. In addition, first-order
derivatives of the second cubic spline and the first cubic spline at TH2D are the same, that is, the
second tone mapping curve is consecutive at TH2D.
[00247] For example, for the Rcurve parameter in the formula (9), when the second tone mapping
curve is consecutive at TH2D, MD1D, TH3C, MC1D, MB1D, MA1D, MD2D, TH2D, MB2D,
and MA2D satisfy the following formulas (22) and (23):

MD1D x (TH2D — TH3C)3 + MC1D x (TH2D — TH3C)? + MB1D x (TH2D —
TH3C) + MA1D = MA2D (22), and

3 x MD1D x (TH2D — TH3C)3 + 2 x MC1D x (TH2D — TH3C) + MB1D =
MB2D (23).
[00248] In some embodiments, the second parameter further includes a curve parameter of a
tone mapping subfunction of the second tone mapping curve. A minimum value of a luminance
value of a third range pixel of the tone mapping subfunction is the same as the maximum value
TH3D of the luminance value of the second range pixel of the second cubic spline, that is, the third
maximum input luminance TH3D. In this way, the second range pixel of the second cubic spline
on the second tone mapping curve can be consecutive with second range pixel corresponding to
the tone mapping subfunction. Moreover, output values of the second cubic spline and the tone
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mapping subfunction at TH3D are the same, and first derivatives of the second cubic spline and
the tone mapping subfunction at TH3D are the same, that is, the second tone mapping curve is
consecutive at TH3D.
[00249] For example, for the Reurve parameter in the formula (9), when the second tone mapping
curve is consecutive at TH3D, MD2D, TH3D, TH2D, MC2D, MB2D, MA2D, MD2D, MC2D,
and MB2D satisfy the following formulas (24) and (25):
MD2D x (TH3D — TH2D)?® + MC2D x (TH3D — TH2D)? + MB2D x (TH3D —
TH2D) + MA2D = P.,;,.(TH3D) (24), and
3 x MD2D x (TH3D — TH2D)? + 2 X MC2D x (TH3D — TH2D) + MB2D =

d(Pcyrve(TH3D))
dL

(25).
[00250] In addition, in some embodiments, values of the foregoing two segments of cubic
splines (that is, the first cubic spline and the second cubic spline) at TH2D may be obtained
according to a preset policy. For example, values of the two segments of cubic splines at TH2D
each may be a value of a middle point of a connection line between two points whose input
luminance is TH1D and TH3D and that are on the second tone mapping curve.

[00251] Inthis embodiment of this application, on one hand, the cubic spline curve in the second
tone mapping curve can smoothly connect a linear spline curve to a basic curve, and on the other
hand, the cubic spline curve can help control a gain of a part adjacent to the straight line part.
[00252] It should be noted that, in this embodiment of this application, only a process of
obtaining a linear spline parameter in the second parameter may be included, and a process of
obtaining a parameter other than the linear spline parameter in the second parameter does not need
to be involved.

[00253] 940: Perform dynamic range mapping on the image data based on the second parameter
of the second tone mapping curve. For example, after the second parameter is obtained, the second
tone mapping curve may be obtained to perform dynamic range mapping on the image data.
[00254] For example, a mapping relationship between normalized HDR/SDR source data and
normalized HDR/SDR display data may be obtained based on the foregoing formula (9). For
example, based on a maximum display capability and a minimum display capability (for example,
0) of the display device, a mapping value L' may be reversely normalized to a value between the
maximum display capability and the minimum display capability of the display device. It should

be noted that the foregoing reverse normalization calculation may be a non-linear space of PQ, or
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may be a linear space of normalization 0 to 1. In addition, reverse normalization may be 0-10000
nits, or may be 0.0001-100000 nits, or the like. A reverse normalization range and a reverse
normalization process of HDR/SDR mapping data L"  are not limited in this embodiment of this
application.

[00255] It should be noted that after the second tone mapping curve is obtained, subsequent
display adaptation processing not only includes tone mapping (tone mapping), but also may be
further adjusted before display to adjust saturation processing, color gamut transformation
processing, denoising processing, sharpening processing, and/or the like. This is not limited in this
embodiment of this application.

[00256] It should be further noted that the maximum display capability of the display device
may be obtained based on a parameter of the device or information about a manufacturer. The
minimum display capability of the display device is usually O nits, or may be 1 nit. This is not
limited in this embodiment of this application.

[00257] Therefore, in this embodiment of this application, a parameter of a tone mapping curve
is further adjusted, so that output luminance of a tone mapping curve corresponding to an adjusted
curve parameter is not greater than input luminance of the tone mapping curve. This helps avoid,
when maximum display luminance of an image is close to maximum display luminance of a
display device, an abnormality that luminance of a pixel of a mapped display device is greater than
that of an original image. Therefore, in this embodiment of this application, high flexibility can be
provided for terminal display devices with different luminance, to achieve good presentation effect
when a parameter is properly adjusted.

[00258] In some optional embodiments of this application, the linear spline curve parameter
(which may be denoted as a first linear spline curve parameter) in the second parameter may
include the slope of the first linear spline on the second tone mapping curve (for example, may be
represented as MB[0][0]) and the maximum value (for example, may be represented as TH3[0])
of the luminance value of the range pixel of the first linear spline).

[00259] In some optional embodiments of this application, the linear spline curve parameter
(which may be denoted as a first linear spline curve parameter) in the second parameter may
include the slope of the first linear spline on the second tone mapping curve (for example, may be
represented as MB[0][0]), the maximum value (for example, may be represented as TH3[0]) of the
luminance value of the range pixel of the first linear spline), and an intersection point base offset

45



10

15

20

25

30

of the first linear spline and a vertical axis.
[00260] In this embodiment, the linear spline curve parameter (which may be denoted as a
second linear spline curve parameter) included in the first parameter may include a slope (for
example, may be represented as MB_mid[0][0]) of the second linear spline on the first tone
mapping curve and/or the maximum value (for example, may be represented as TH3 mid[0]) of
the luminance value of the range pixel of the second linear spline.
[00261] In this case, an implementation of obtaining, based on the first parameter, the display
parameter, and the feature information, the second parameter of the second tone mapping curve
when the preset condition is met may be: adjusting the curve parameters MB_mid[0][0] and
TH3 mid[0] based on the maximum display luminance MaxDisplay and the maximum luminance
correction value max_lum, to obtain the curve parameters MB[0][0] and TH3[0].
[00262] For example, if a parameter m_a (that is, a tone mapping curve parameter a) is greater
than Tm_ap(m_p), a process of generating the second parameter is performed, that is, MB[0][0]
and TH3[0] are adjusted based on max lum/MaxDisplay. Tm_ap may be obtained based on a
preset mapping relationship between m p T and m_a T, for example, by looking up a table
(m_p T,m a T), where m_p corresponds to a tone mapping curve parameter p, and a preset value
Tm_ap(m p) of m_a obtained based onm _pism_ a T.
[00263] For example, when the curve parameters MB_mid[0][0] and TH3 mid[0] are adjusted,
input may be maximum display luminance MaxDisplay (a value of a PQ domain) in a display
luminance range of the display device, a maximum luminance correction value max_lum of a to-
be-processed frame, targeted system display maximum luminance in metadata (if
targeted system_display maximum luminance does not exist in the metadata, the
targeted system_display maximum_luminance is equal to MaxDisplay), an original linear spline
curve (that is, a linear spline curve in the first tone mapping curve) parameter MB[0][0] or TH3[0],
and a color signal mapping curve parameter Ptone mapping, including m p, m_m, m n, m_a,
m_b, k1, k2, and k3. Output may be a linear spline curve (that is, a linear spline on the second tone
mapping curve) parameter MB[0][0], or TH3[0].
[00264] In a possible implementation, the curve parameters MB_mid[0][0] and TH3 mid[0],
and the curve parameters MB[0][0] and TH3[0] satisty the following formulas (26) and (27):
TH3[0] = TH3_mid[0] + (MaxSource — TH3_mid[0]) * (WA)N? (26), and
MB[0][0] = MB_mid[0][0] + (1 - MB_mid[0][0]) * (WA)M (27), where
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MaxDisplay = MaxDisplay

__ MaxSource G(MaxDisplay)
WA = 1— MaxDisplay
G(MaxDisplay)

, Or

MaxDisplay H(Max_lum)

WA — Max_lum Max_lum
A= H(Max_lum)
11—
Max_lum

[00265] NI and N2 are rational numbers greater than 0, and G(L) is an inverse function of a

mapping curve parameter Tcurve.

[00266] In another possible implementation, the curve parameters MB mid[0][0] and
TH3 mid[0], and the curve parameters MB[0][0] and TH3[0] satisfy the following formulas (28)
and (29):
TH3[0] = TH3_mid[0] + (MaxLum — TH3_mid[0]) * (WA)N? (28), and
MBJ[0][0] = MB_mid[0][0] + (1 — MB_mid[0][0]) * (WA)N! (29), where

MaxDisplay = MaxDisplay

_ maxlum G(MaxDisplay)
WA = MaxDisplay , Or

_G(MaxDisplay)

MaxDisplay H(Max_lum)

“7 __  Max_lum Max_lum
A_ H(Max_lum) .
1_7
Max_lum

[00267] MaxLum is the maximum luminance correction value (an adjustment value of
MaxSource), and G (L) is an inverse function of a mapping curve parameter Tcurve.
[00268] In another possible implementation, the curve parameters MB mid[0][0] and

TH3 mid[0], and the curve parameters MB[0][0] and TH3[0] satisfy the following formulas (30)

and (31):
MB[0][0] = min(max(MB _mid[0][0] + (1 — MB_mid[0][0]) * (WA)M |
MB_mid[0][0]),1) (30), and
TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0]) * (WA)"z |
TH3 mid[0]),1) (31), where
= SR ey

1 G(MaxDisplay,m_a_T)

MaxDisplay H(Max_lum,m_a_T)

__ Max_lum Max_lum
WA = H(Max_lum,m_a_T) ’ Where
1_—
Max_lum
1
b 1 n
L-m_b\m_m -
G(L — KSX( m_a )
( ) m_a) - 1 ’ or
m_p—(K1><m_p—K2)X(L:nm;b)m*m
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L \m_m -
G(L, m_a) — K3X(m_a) T

m_p—(lem_p—Kz)x(ij)ﬁ

[00269] L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a
tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a T)
indicates a G(L) value corresponding to an input variable L when a value of a parameter M_a of
G(L)ism_a T,and H(L, m _a T)is similar. N1 and N2 are rational numbers, for example, default
values of N1 and N2 may be 0. max(a, b) indicates calculating a larger value of a and b, and min(a,
b) indicates calculating a smaller value of a and b.

[00270] In some embodiments, k1 and k2 are not 0 at the same time, and K3 is not 0.

[00271] For example, H(L) is the following several examples:

m_pxL™m-"
(K1xm_p—K2)xL™-"4+K3

H(L) = m_a X ( )m_m + m_b, or

m_pxLm-n m.m
(lem_p—KZ)me—n+K3)

H(L) = m_a X (
[00272] In some optional embodiments of this application, the first parameter may include the
second linear spline curve parameter. The second linear spline curve parameter includes the slope
MB_mid[0][0] of the second linear spline on the first tone mapping curve and/or the maximum
value TH3 mid[0] of the luminance value of the range pixel of the second linear spline and/or an
intersection point base offset mid of the first linear spline and a vertical coordinate axis. The
display parameter includes the maximum display luminance MaxDisplay of the terminal device.
The feature information includes the maximum luminance correction value max_lum of the image
data.
[00273] That the second parameter of the second tone mapping curve is obtained based on the
first parameter, the display parameter, and the feature information includes: adjusting the curve
parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid based on the maximum display
luminance MaxDisplay and the maximum luminance correction value max_lum, to obtain the
curve parameters MB[0][0], TH3[0], and/or base offset.
[00274] In a possible implementation, the curve parameters MB mid[0][0], TH3 mid[0],
and/or base offset mid, and the curve parameters MB[0][0], TH3[0], and/or base offset satisfy
the following formulas:

MB[0][0] = min(max(MB mid[0][0] + (1 — MB mid[0][0]) * (WA)M |

MB_mid[0][0]),1),
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TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0] * (WA)z |
TH3 mid[0]),1), and

base offset = min(max(base offset mid*(1 — (WA)"3), 0), base_offset mid), where

MaxDisplay MaxDisplay
_ maxlum G(MaxDisplay,m_a_T)
WA = MaxDisplay ’

G(MaxDisplay,m_a_T)

1

WL m
—_ m_a
G(L,m_a) = —— | ,or
m_p—(K1><m_p—K2)X(L:nm;b)m-m
1
_1 m_n
_ K3x (mL_a)m-m
G(L,m_a) = T

m_p—(K1><m_p—1<2)><(mi_a)ﬁ
[00275] L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a
tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a T)
indicates a G(L) value corresponding to an input variable L when a value of a parameter M_a of
G(L)ism_a T, NI, N2, and N3 are rational numbers, max(a, b) indicates calculating a larger value

of a and b, min(a, b) indicates calculating a smaller value of a and b, and H(L) is

m_pxL™-"
(K1xm_p—K2)XLM-"+K3

H(L) = m_a X - + m_b, or
( )

m_pxL™-m )m_m

H(L) = m_a X ((lem_p—KZ)me—n+K3

[00276] It should be noted that, in this embodiment of this application, only the process of
obtaining the linear spline parameter in the second parameter may be included, and the process of
obtaining the parameter other than the linear spline parameter in the second parameter does not
need to be involved. In other words, the following processing process may not need to be involved.
[00277] In some optional embodiments, the second parameter includes a cubic spline curve
parameter. The cubic spline curve parameter includes interpolation point values TH1[1], TH2[1],
and TH3[1] of a cubic spline on the second tone mapping curve. TH1[1] indicates a minimum
value of a luminance value of first range pixel of the cubic spline. TH2[1] indicates a maximum
value of the luminance value of the first range pixel of the cubic spline and a minimum value of a
luminance value of second range pixel of the cubic spline. TH3[1] indicates a maximum value of
the luminance value of the second range pixel of the cubic spline. For example, TH1[1] may be an
example of THID, TH2[1] may be an example of TH2D, and TH3[1] may be an example of TH3D.
[00278] In a possible implementation, the interpolation point values THI[1], TH2[1], and
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TH3[1] of the cubic spline may be calculated based on the second linear spline curve parameter
TH3[0] in the first parameter and preset offset values of correlation values for calculating the
interpolation point values TH1[1], TH2[1], and TH3[1] of the cubic spline. For example, TH1[1],
TH2[1], and TH3[1] satisfy the following formulas (32) to (34):

THI[1] = TH3[0] (32),
TH2[1]=THI[1] + B (33), and
TH3[1]=TH2[1] + C*TH2[1] - D * THI[1] (34).

[00279] B, C, and D are preset values of the correlation values for calculating the interpolation
point values TH1[1], TH2[1], and TH3[1] of the cubic spline. B is a preset offset value
corresponding to a luminance value of a dark-bright transition region pixel. C and D are preset
weighting coefficients corresponding to a luminance value of a bright region pixel. For example,
a default value of B may be 0.15, and default values of C and D may be 0.5.
[00280] In another possible implementation, the interpolation point values THI1[1], TH2[1], and
TH3[ 1] of the cubic spline may be calculated based on the second linear spline curve parameter
TH3[0] in the first parameter and correlation values for calculating the interpolation point values
THI1[1], TH2[1],and TH3[1] of the cubic spline. For example, TH1[1], TH2[1], and TH3[1] satisfy
the following formulas (35) to (37):

THI1[1] = 3Spline TH[i][0][wW] (39),

TH2[1] = 3Spline TH[1][0][w] + 3Spline TH_ Deltal[i][1][w] (36), and

TH3[1] = 3Spline THJ[i][0][w] + 3Spline TH Deltal[i][1][w] +
3Spline TH Deltal[i][2][w] (37).
[00281] 3Spline TH[i][0][w], 3Spline_ TH_ Deltal[i][1][w], and 3Spline TH_Deltal[i][2][wW]
are the correlation values that are used for calculating the interpolation point values THI[1],
TH2[1], and TH3[1] of the cubic spline and that are extracted from the metadata.
[00282] In some optional embodiments, coordinates (for example, Y coordinates)
corresponding to TH1[1], TH2[1], and TH3[1] in the second tone mapping curve may be obtained,
for example, may be respectively represented as VA1, VA2, and VA3. A'Y coordinate of the linear
spline on the second tone mapping curve at TH3[0] is the same as a Y coordinate of the cubic
spline on the second tone mapping curve at TH1[ 1], and a first-order derivative of the linear spline
at TH3[0] is the same as a first-order derivative of the cubic spline at TH1[1].
[00283] In some optional embodiments, a Y coordinate of the first cubic spline on the second
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tone mapping curve at TH2[1] is the same as a Y coordinate of the second cubic spline on the
second tone mapping curve at TH2[1], and a first-order derivative of the first cubic spline at TH2[ 1]
is the same as a first-order derivative of the second cubic spline at TH2[1].
[00284] In some optional embodiments, a Y coordinate of the second cubic spline on the second
tone mapping curve at TH3[1] is the same as a Y coordinate of a third tone mapping function on
the second tone mapping curve at TH3[1], and a first-order derivative of the second cubic spline
at TH3[1] is the same as a first-order derivative of the third tone mapping function at TH3[1].
[00285] For example, a formula (38) may be obtained based on the linear spline on the second
tone mapping curve:

F(L) = MB[0][0] XL (38).
[00286] Then, L is set to TH[1], a coordinate VA1 of TH[1] is calculated, and the coordinate
VAL satisfies the following formula (39):

VA1 =MBJ[0][0] XxTHJ[1] (39).
[00287] Next, MA[O][1]and MA[1][1] are obtained based on the first cubic spline on the second
tone mapping curve, and MA[0][1] and MA[1][1] satisfy the following formulas (40) and (41):

MAJO][1] = VAl (40), and

MA[1][1] = VA2 (41).
[00288] Then, a first-order derivative GD1 of the first cubic spline on the second tone mapping
curve is calculated, so that MB[0][1] = GD1, and a first-order derivative GD3 of the second cubic
spline on the second tone mapping curve at TH3[1] is calculated. GD1 and GD3 satisfy the
following formulas (42) and (43):

MBJ0][1]=GD1 = MB[0][0] (42), and

GD3 =m axm mXxm pXK3xm nx TH3[1]™™ ~1x DGD3(L) (43), where

m 2
( my,xTH3[1]™n )mm+1 ( 1 ) ,
(K1xmp—K2)xTH3[1]™n+K3 TH3[1]™-"*xm_p

DGD3(L) =

[00289] Then, a value VA2[0] of a 1*' cubic spline (that is, the first cubic spline) curve in the
second tone mapping curve at TH2[1] is calculated, and a value VA3[0] of a 2™ cubic spline (that
1s, the second cubic spline) curve at TH3[1] is calculated, so that VA3[0] = VA3.

[00290] A derivative GD3[0] of the 2™ cubic spline curve at TH3[1] is calculated, so that GD3[0]
= GD3.

[00291]  First-order derivatives GD2[0] and GD2[1] of the 1 cubic spline curve and the 2™

cubic spline curve at TH2[1] are respectively calculated, so that GD2[0] = GD2[1].
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[00292] Second-order derivatives GGD2[0] and GGD2[1] of the two cubic spline curves at
TH2[1] are calculated, so that GGD2[0] = GGD2[1].

[00293] In conclusion, the following formula (44) may be obtained:

(MD[0][1] x (DTH2)3 + MC[0][1] x (DTH2)? + MB[0][1] x (DTH2)* + MA[0][1] = VA2
MD[1][1] x (DTH3)3 + MC[1][1] x (DTH3)? + MB[1][1] x (DTH3)* + MA[1][1] = V43
3 x MD[1][1] x (DTH3)? + 2 x MC[1][1] x (DTH3)! + MB[1][1] = GD3

4 3 x MD[0][1] x (DTH2)? + 2 x MC[0][1] x (DTH2)* + MB[0][1] = GD2[0]
3 x MD[1][1] x (DTH3)? + 2 x MC[1][1] x (DTH3)* + MB[1][1] = GD2[1]
6 x MD[0][1] x (DTH2)* + 2 x MC[0][1] = GGD2[0]
\ 6 x MD[1][1] x (DTH3)! + 2 x MC[1][1] = GGD2[1]

(44), where
DTH2 = (TH2[1] — TH1[1]),and DTH3 = (TH3[1] — TH2[1]).

[00294] Parameters such as MC[0][1], MDJ[0][1], MB[1][1], MC[1][1], and MD[1][1] in the
second parameter may be obtained through the foregoing calculation with reference to another
condition.
[00295] Therefore, in this embodiment of this application, a parameter of the first tone mapping
curve is further adjusted, so that output luminance of a point on a tone mapping curve (that is, the
second tone mapping curve) corresponding to an adjusted curve parameter (that is, the second
parameter) is not greater than corresponding input luminance of the point. This helps avoid, when
maximum display luminance of an image is close to maximum display luminance of a display
device, an abnormality that luminance of a pixel of a mapped terminal device is greater than that
of an original image.
[00296] The foregoing describes in detail the dynamic range mapping method in embodiments
of this application with reference to FIG. 9. The following describes dynamic range mapping
apparatuses in embodiments of this application with reference to FIG. 10 and FIG. 11. It should
be understood that the dynamic range mapping apparatuses described in FIG. 10 and FIG. 11 can
perform the steps of the dynamic range mapping method shown in FIG. 9. The foregoing
limitations on the steps in FIG. 9 are also applicable to the apparatuses shown in FIG. 10 and FIG.
11. Therefore, when the apparatuses shown in FIG. 10 and FIG. 11 are described below, for brevity,
repeated descriptions are appropriately omitted.
[00297] FIG. 10 is a schematic block diagram of a dynamic range mapping apparatus 1000
according to an embodiment of this application. The apparatus 1000 includes an obtaining unit

1010, a processing unit 1020, and a mapping unit 1030.
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[00298] The obtaining unit 1010 is configured to obtain a display parameter of a terminal device.
[00299] The obtaining unit 1010 is further configured to obtain feature information of image
data.

[00300] The obtaining unit 1010 is further configured to obtain a first parameter of a first tone
mapping curve of the image data.

[00301] The processing unit 1020 is configured to: when a preset condition is met, obtain a
second parameter of a second tone mapping curve based on the first parameter, the display
parameter of the terminal device, and the feature information of the image data. Output luminance
at a first point on the second tone mapping curve is not greater than input luminance at the first
point on the second tone mapping curve.

[00302] The mapping unit 1030 is configured to perform dynamic range mapping on the image
data based on the second parameter of the second tone mapping curve.

[00303] In some implementations of this application, the preset condition is met when any one
of the following conditions is met:

[00304] When tone mapping is performed on the image data based on the first parameter, output
luminance at a second point on the first tone mapping curve is greater than input luminance at the
second point on the first tone mapping curve.

[00305] Alternatively, a parameter ppi in the first parameter is greater than a first value Tp. The
first value Tp is obtained based on api in the first parameter and a preset correspondence between
ap1 and pp1.

[00306] Alternatively, a parameter ap; in the first parameter is greater than a second value Ta.
The second value Ta is obtained based on ppi in the first parameter and a preset correspondence
between api and ppi.

[00307] Alternatively, a product of a parameter ap; and a parameter pp; in the first parameter is
greater than a third value Tap. The third value Tap is a preset rational number.

[00308] Insome implementations of this application, the second parameter includes a first linear
spline curve parameter. The first linear spline curve parameter includes a slope MB[0][0] of a first
linear spline on the second tone mapping curve or a maximum value TH3[0] of a luminance value
of a range pixel of the first linear spline.

[00309] Insome implementations of this application, the first parameter includes a second linear
spline curve parameter. The second linear spline curve parameter includes a slope MB_mid[0][0]
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of a second linear spline on the first tone mapping curve and a maximum value TH3 mid[0] of a
luminance value of a range pixel of the second linear spline. The display parameter includes
maximum display luminance MaxDisplay of the terminal device. The feature information includes
a maximum luminance correction value max_lum of the image data.
[00310] The processing unit 1020 is specifically configured to:

adjust the curve parameters MB_mid[0][0] and TH3 mid[0] based on the maximum
display luminance MaxDisplay and the maximum luminance correction value max lum to obtain
the curve parameters MB[0][0] and TH3[O0].
[00311] In some implementations of this application, the curve parameters MB_mid[0][0] and
TH3 mid[0], and the curve parameters MB[0][0] and TH3[0] satisfy the following formulas:

MB[0][0] = min(max(MB _mid[0][0] + (1 — MB_mid[0][0]) * (WA)M |
MB_mid[0][0]),1), and

TH3[0] = min(max(TH3 mid[0] + (max lum — TH3 mid[0] * (WA)2 |
TH3 mid[0]),1), where

MaxDisplay MaxDisplay
_ maxlum G(MaxDisplay,m_a_T)
WA = 1 MaxDisplay » Or
G(MaxDisplay,m_a_T)
MaxDisplay H(Max_lum,m_a_T)
__ Max_lum Max_lum
WA = H(Max_lum,m_a_T) ’ Where
1
Max_lum
1
_1 n
K3x (L:nm;b)m_m
G(L,m_a) = = T , or
m_p—(lem_p—KZ)x(%)m‘m
1
1 m_n
()™
G(L,m_a) = = T

m_p—(1<1><m_p—1<2)><(mL_a)ﬁ
[00312] L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a
tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a T)
indicates a G(L) value corresponding to an input variable L when a value of a parameter M_a of
GL) s m a T, H(L, m_a T) is similar, N1 and N2 are rational numbers, max(a, b) indicates
calculating a larger value of a and b, min(a, b) indicates calculating a smaller value of a and b, and

H(L) is

m_pxLM-1
(K1xm_p—K2)XL™MN"+K3

H(L) = m_a X ( )m_m + m_b, or
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m_pxL™-1 )m—m

H(L) =m_ax ((lem_p—KZ)XLm—"+K3
[00313] In some implementations of this application, the second parameter includes a cubic
spline curve parameter. The cubic spline curve parameter includes interpolation point values
THI1[1], TH2[1], and TH3[ 1] of a cubic spline on the second tone mapping curve. THI1[1] indicates
a minimum value of a luminance value of first range pixel of the cubic spline. TH2[1] indicates a
maximum value of the luminance value of the first range pixel of the cubic spline and a minimum
value of a luminance value of second range pixel of the cubic spline. TH3[1] indicates a maximum
value of the luminance value of the second range pixel of the cubic spline.
[00314] In some implementations of this application, the interpolation point values THI1[1],
TH2[1], and TH3[1] of the cubic spline are obtained based on the second linear spline curve
parameter TH3[0] in the first parameter and preset offset values of the interpolation point values
TH1[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] = TH3]0],

TH2[1]=THI[1] + B, and

TH3[1]=TH2[1] + C * TH2[1] - D * THI[1].
[00315] B, C, and D are preset values of correlation values for calculating the interpolation
point values THI1[1], TH2[1], and TH3[1] of the cubic spline. B is a preset offset value
corresponding to a luminance value of a dark-bright transition region pixel. C and D are preset
weighting coefficients corresponding to a luminance value of a bright region pixel.
[00316] In some implementations of this application, the interpolation point values THI[1],
TH2[1], and TH3[1] of the cubic spline are calculated based on the second linear spline curve
parameter TH3[0] in the first parameter and correlation values for calculating the interpolation
point values THI[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] = 3Spline_ TH[1i][0][w],

TH2[1] =3Spline_ TH[1][0][w] + 3Spline. TH_Deltal[i][1][w], and

TH3[1] = 3Spline THJ[1][0][w] + 3Spline TH Deltal[i][1][w] +
3Spline. TH Deltal[i][2][w].
[00317] 3Spline THJ[1][0][w], 3Spline TH Deltal[i][1][w], and 3Spline TH Deltal[i][2][w]
are the correlation values that are used for calculating the interpolation point values TH1[1],
TH2[1], and TH3[1] and that are extracted from metadata.

[00318] In some implementations of this application, a Y coordinate of a linear spline on the
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second tone mapping curve at TH3[0] is the same as a Y coordinate of the cubic spline on the
second tone mapping curve at THI[1], and a first-order derivative of the linear spline at TH3[0] is
the same as a first-order derivative of the cubic spline at TH1[1].
[00319] In some implementations of this application, a Y coordinate of a first cubic spline on
the second tone mapping curve at TH2[1] is the same as a Y coordinate of a second cubic spline
on the second tone mapping curve at TH2[1], and a first-order derivative of the first cubic spline
at TH2[1] is the same as a first-order derivative of the second cubic spline at TH2[1].
[00320] In some implementations of this application, a Y coordinate of the second cubic spline
on the second tone mapping curve at TH3[1] is the same as a Y coordinate of a third tone mapping
function on the second tone mapping curve at TH3[1], and a first-order derivative of the second
cubic spline at TH3[1] is the same as a first-order derivative of the third tone mapping function at
TH3[1].
[00321] In some implementations of this application, the obtaining unit 1010 is specifically
configured to:

obtain the metadata of the image data; and

determine the first parameter of the first tone mapping curve based on the metadata and
the display parameter.
[00322] FIG. 11 is a schematic diagram of a hardware structure of a dynamic range mapping
apparatus 1100 according to an embodiment of this application. The apparatus 1100 shown in FIG.
11 may be considered as a computer device. The apparatus 1100 may be used as an implementation
of the dynamic range mapping apparatus in embodiments of this application, or may be used as an
implementation of the dynamic range mapping method in embodiments of this application. The
apparatus 1100 includes a processor 1101, a memory 1102, an input/output interface 1103, and a
bus 1105, and may further include a communication interface 1104. The processor 1101, the
memory 1102, the input/output interface 1103, and the communication interface 1104 implement
a communication connection to each other by using the bus 1105.
[00323] The processor 1101 may be a general-purpose central processing unit (central
processing unit, CPU), a microprocessor, an application-specific integrated circuit (application-
specific integrated circuit, ASIC), or one or more integrated circuits. The processor 1101 is
configured to execute a related program to implement functions that need to be executed by
modules in the media data processing apparatus in embodiments of this application, or to perform
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the media data processing method in the method embodiments of this application. The processor
1101 may be an integrated circuit chip and has a signal processing capability. In an implementation
process, the steps in the foregoing method may be completed by using an integrated logic circuit
of hardware in the processor 701 or an instruction in a form of software. The processor 1101 may
be a general-purpose processor, a digital signal processor (digital signal processor, DSP), an
application-specific integrated circuit (ASIC), a field programmable gate array (field
programmable gate array, FPGA), another programmable logic device, a discrete gate, a transistor
logic device, or a discrete hardware component. The processor may implement or perform the
method, the steps, and the logical block diagrams that are disclosed in embodiments of this
application. The general-purpose processor may be a microprocessor, or the processor may be any
conventional processor or the like. The steps of the method disclosed with reference to
embodiments of this application may be directly performed and completed by a hardware decoding
processor, or may be performed and completed by using a combination of hardware and software
modules in the decoding processor. A software module may be located in a mature storage medium
in the art, such as a random access memory, a flash memory, a read-only memory, a programmable
read-only memory, an electrically erasable programmable memory, or a register. The storage
medium is located in the memory 1102. The processor 1101 reads information in the memory 1102,
and completes, in combination with hardware of the processor 1101, a function that needs to be
executed by a module included in the media data processing apparatus in embodiments of this
application, or performs the media data processing method in the method embodiments of this
application.

[00324] The memory 1102 may be a read-only memory (read-only memory, ROM), a static
storage device, a dynamic storage device, or a random access memory (random access memory,
RAM). The memory 1102 may store an operating system and another application program. When
the functions that need to be executed by the modules that are included in the media data processing
apparatus in embodiments of this application are implemented or the media data processing
method in the method embodiments of this application is performed by using software or firmware,
program code used to implement the technical solutions provided in embodiments of this
application is stored in the memory 1102, and the processor 1101 performs operations that need to
be performed by the modules that are included in the media data processing apparatus, or performs
the media data processing method provided in the method embodiments of this application.
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[00325] The input/output interface 1103 is configured to receive input data and information,
and output data such as an operation result.

[00326] The communication interface 1104 uses a transceiver apparatus, for example, but not
limited to, a transceiver, to implement communication between the apparatus 1100 and another
device or a communication network. The communication interface 1104 may be used as an
obtaining module or a sending module in the processing apparatus.

[00327] The bus 1105 may include a path for transmitting information between components
(for example, the processor 1101, the memory 1102, the input/output interface 1103, and the
communication interface 1104) of the apparatus 1100.

[00328] It should be noted that, although only the processor 1101, the memory 1102, the input
and output interface 1103, the communication interface 1104, and the bus 1105 that are of the
apparatus 1100 are shown in FIG. 11, in a specific implementation process, a person skilled in the
art should understand that the apparatus 1100 further includes another device required for
implementing normal running, for example, may further include a display that is configured to
display to-be-played video data. In addition, based on a specific requirement, a person skilled in
the art should understand that the apparatus 1100 may further include hardware components for
implementing other additional functions. In addition, a person skilled in the art should understand
that the apparatus 1100 may alternatively include only components required for implementing this
embodiment of this application, but not necessarily include all the components shown in FIG. 11.
[00329] A person of ordinary skill in the art may be aware that, in combination with the
examples described in embodiments disclosed in this specification, units and algorithm steps may
be implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by using hardware or software depends on
particular applications and design constraints of technical solutions. A person skilled in the art may
use different methods to implement the described functions for each particular application, but it
should not be considered that the implementation goes beyond the scope of this application.
[00330] An embodiment of this application further provides a computer-readable storage
medium. The computer-readable storage medium stores instructions, and when the instructions are
run on a computer, the computer is enabled to perform the foregoing dynamic range mapping
method.

[00331] An embodiment of this application further provides a computer program product
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including instructions. When the computer program product runs on a computer, the computer is
enabled to perform the foregoing dynamic range mapping method.

[00332] A person of ordinary skill in the art may be aware that, in combination with the
examples described in embodiments disclosed in this specification, units and algorithm steps may
be implemented by electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by using hardware or software depends on
particular applications and design constraints of technical solutions. A person skilled in the art may
use different methods to implement the described functions for each particular application, but it
should not be considered that the implementation goes beyond the scope of this application.
[00333] It may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, for a detailed working process of the foregoing system, apparatus,
and unit, refer to a corresponding process in the foregoing method embodiments, and details are
not described herein again.

[00334] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatus, and method may be implemented in another manner. For example,
the described apparatus embodiments are merely examples. For example, division into the units is
merely logical function division and may be other division in actual implementation. For example,
a plurality of units or components may be combined or integrated into another system, or some
features may be ignored or not performed. In addition, the displayed or discussed mutual couplings
or direct couplings or communication connections may be implemented by using some interfaces.
The indirect couplings or communication connections between the apparatuses or units may be
implemented in electronic, mechanical, or other forms.

[00335] The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, and may be located in one location, or may
be distributed on a plurality of network units. Some or all of the units may be selected based on
actual requirements to achieve the objectives of the solutions of embodiments.

[00336] In addition, functional units in embodiments of this application may be integrated into
one processing unit, or each of the units may exist alone physically, or two or more units are
integrated into one unit.

[00337] When the functions are implemented in a form of a software functional unit and sold
or used as an independent product, the functions may be stored in a computer-readable storage
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medium. Based on such understanding, the technical solutions of this application essentially, or
the part contributing to the conventional technology, or some of the technical solutions may be
implemented in a form of a software product. The computer software product is stored in a storage
medium, and includes several instructions for indicating a computer device (which may be a
personal computer, a server, a network device or the like) to perform all or some of the steps of
the methods described in embodiments of this application. The foregoing storage medium includes
any medium that can store program code, such as a USB flash drive, a removable hard disk, a read-
only memory (read-only memory, ROM), a random access memory (random access memory,
RAM), a magnetic disk, or an optical disc.

[00338] The foregoing descriptions are merely specific implementations of this application, but
are not intended to limit the protection scope of this application. Any variation or replacement
readily figured out by a person skilled in the art within the technical scope disclosed in this
application shall fall within the protection scope of this application. Therefore, the protection scope

of this application shall be subject to the protection scope of the claims.
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CLAIMS

What is claimed is:

1. A dynamic range mapping method, comprising:

obtaining a display parameter of a terminal device;

obtaining feature information of image data;

obtaining a first parameter of a first tone mapping curve of the image data;

when a preset condition is met, obtaining a second parameter of a second tone mapping curve
based on the first parameter, the display parameter of the terminal device, and the feature
information of the image data, wherein output luminance at a first point on the second tone
mapping curve is not greater than input luminance at the first point on the second tone mapping
curve; and

performing dynamic range mapping on the image data based on the second parameter of the
second tone mapping curve.

2. The method according to claim 1, wherein the preset condition is met when any one of the
following conditions is met:

when tone mapping is performed on the image data based on the first parameter, output
luminance at a second point on the first tone mapping curve is greater than input luminance at the
second point on the first tone mapping curve; or

a parameter ppi in the first parameter is greater than a first value Tp, wherein the first value
Tp is obtained based on ap; in the first parameter and a preset correspondence between ap; and ppi;
or

a parameter api in the first parameter is greater than a second value Ta, wherein the second
value Ta is obtained based on ppi in the first parameter and a preset correspondence between ap;
and ppi; or

a product of a parameter ap and a parameter ppi1 in the first parameter is greater than a third
value Tap, wherein the third value Tap is a preset rational number.

3. The method according to claim 1 or 2, wherein the second parameter comprises a first
linear spline curve parameter, and the first linear spline curve parameter comprises a slope
MBJ[0][0] of a first linear spline on the second tone mapping curve and/or a maximum value TH3[0]

of a luminance value of a range pixel of the first linear spline and/or an intersection point
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base offset of the first linear spline and a vertical coordinate axis.

4. The method according to any one of claims 1 to 3, wherein the first parameter comprises a
second linear spline curve parameter, the second linear spline curve parameter comprises a slope
MB_mid[0][0] of a second linear spline on the first tone mapping curve and/or a maximum value
TH3 mid[0] of a luminance value of a range pixel of the second linear spline, the display
parameter comprises maximum display luminance MaxDisplay of the terminal device, and the
feature information comprises a maximum luminance correction value max _lum of the image data;
and

the obtaining a second parameter of a second tone mapping curve based on the first parameter,
the display parameter, and the feature information comprises:

adjusting the curve parameters MB_mid[0][0] and TH3 mid[0] based on the maximum
display luminance MaxDisplay and the maximum luminance correction value max lum to obtain
the curve parameters MB[0][0] and TH3[0].

5. The method according to claim 4, wherein the curve parameters MB mid[0][0] and
TH3 mid[0], and the curve parameters MB[0][0] and TH3[0] satisfy the following formulas:

MB[0][0] = min(max(MB_mid[0][0] + (I — MB_mid[0][0]) * (WA)N1, MB_mid[0][0]),1),
and

TH3[0] = min(max(TH3_mid[0] + (max_lum — TH3 mid[0]) * (WA)"z, TH3 mid[0]),1),

wherein
MaxDisplay MaxDisplay
_ max_lum G(MaxDisplay,m_a_T)
WA = 1 MaxDisplay ’
G(MaxDisplay,m_a_T)
1
L-m_b e m.n
K<) ™"
G(L,m_a) = - T , or
m_p—(Kle_p—KZ)X(L;lm;b)m‘m
1
1 -
Kax()™" o
G(L,m_a) = m.a wherein
1 B
m_p—(lem_p—KZ)x(ﬁ)m-m

L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a tone
mapping curve, m_a, m_b,m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a_T) indicates
a G(L) value corresponding to an input variable L when a value of a parameter M_a of G(L) is
m_a T, N1 and N2 are rational numbers, max(a, b) indicates calculating a larger value of a and b,

min(a, b) indicates calculating a smaller value of a and b, and H(L) is
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m_pxL™-1
(K1xm_p—K2)XLM-"+K3

H(L) = m_a x ( )m_m + m_b, or

m_pxL™-" )m—m

H(L) =m_ax ((lem_p—KZ)XLm—"+K3

6. The method according to any one of claims 1 to 5, wherein the second parameter comprises
a cubic spline curve parameter, and the cubic spline curve parameter comprises interpolation point
values TH1[1], TH2[1], and TH3[1] of a cubic spline on the second tone mapping curve, wherein
THI1[1] indicates a minimum value of a luminance value of a first range pixel of the cubic spline,
TH2[1] indicates a maximum value of the luminance value of the first range pixel of the cubic
spline and a minimum value of a luminance value of a second range pixel of the cubic spline, and
TH3[1] indicates a maximum value of the luminance value of the second range pixel of the cubic
spline.

7. The method according to claim 6, wherein the interpolation point values TH1[1], TH2[1],
and TH3[1] of the cubic spline are obtained based on the second linear spline curve parameter
TH3[0] in the first parameter and preset offset values of the interpolation point values TH1[1],
TH2[1], and TH3[1], as shown in the following:

THI1[1] = TH3]O0],

TH2[1]=THI[1] + B, and

TH3[1]=TH2[1]+ C * TH2[1] - D * TH1[1], wherein

B, C, and D are preset values of correlation values for calculating the interpolation point
values TH1[1], TH2[1], and TH3[1] of the cubic spline, B is a preset offset value corresponding
to a luminance value of a dark-bright transition region pixel, and C and D are preset weighting
coefficients corresponding to a luminance value of a bright region pixel.

8. The method according to claim 6, wherein the interpolation point values TH1[1], TH2[1],
and TH3[1] of the cubic spline are calculated based on the second linear spline curve parameter
TH3[0] in the first parameter and correlation values for calculating the interpolation point values
THI1[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] =3Spline_TH[1][0][w],

TH2[1] = 3Spline TH[i][0][w] + 3Spline TH_Deltal[i][1][w], and

TH3[1] = 3Spline_ TH[i][0][w] + 3Spline TH Deltal[i][1][w] +
3Spline TH Deltal[i][2][w], wherein

3Spline THJ1][0][w], 3Spline. TH_Deltal[i][1][w], and 3Spline. TH Deltal[1][2][w] are the
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correlation values that are used for calculating the interpolation point values TH1[1], TH2[1], and
TH3[1] and that are extracted from metadata.

9. The method according to claim 8, wherein a Y coordinate of a linear spline on the second
tone mapping curve at TH3[0] is the same as a Y coordinate of the cubic spline on the second tone
mapping curve at TH1[1], and a first-order derivative of the linear spline at TH3[0] is the same as
a first-order derivative of the cubic spline at THI1[1].

10. The method according to claim 8 or 9, wherein a Y coordinate of a first cubic spline on
the second tone mapping curve at TH2[1] is the same as a Y coordinate of a second cubic spline
on the second tone mapping curve at TH2[1], and a first-order derivative of the first cubic spline
at TH2[1] is the same as a first-order derivative of the second cubic spline at TH2[1].

11. The method according to any one of claims 8 to 10, wherein a Y coordinate of the second
cubic spline on the second tone mapping curve at TH3[1] is the same as a Y coordinate of a third
tone mapping function on the second tone mapping curve at TH3[1], and a first-order derivative
of the second cubic spline at TH3[1] is the same as a first-order derivative of the third tone mapping
function at TH3[1].

12. The method according to any one of claims 1 to 11, wherein the obtaining a first parameter
of a first tone mapping curve of the image data comprises:

obtaining the metadata of the image data; and

determining the first parameter of the first tone mapping curve based on the metadata and the
display parameter.

13. The method according to any one of claims 1 to 12, wherein the first parameter comprises
the second linear spline curve parameter, the second linear spline curve parameter comprises the
slope MB_mid[0][0] of the second linear spline on the first tone mapping curve and/or the
maximum value TH3 mid[0] of the luminance value of the range pixel of the second linear spline
and/or an intersection point base offset mid of the first linear spline and the vertical coordinate
axis, the display parameter comprises the maximum display luminance MaxDisplay of the terminal
device, and the feature information comprises the maximum luminance correction value max_lum
of the image data; and

the obtaining a second parameter of a second tone mapping curve based on the first parameter,
the display parameter, and the feature information comprises:

adjusting the curve parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid based
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on the maximum display luminance MaxDisplay and the maximum luminance correction value
max_lum to obtain the curve parameters MB[0][0], TH3[0], and/or base_offset.
14. The method according to claim 13, wherein the curve parameters MB mid[0][0],
TH3 mid[0], and/or base offset mid, and the curve parameters MB[0][0], TH3[0], and/or
5  base offset satisfy the following formulas:
MB[0][0] = min(max(MB_mid[0][0] + (1 — MB_mid[0][0]) * (WA)"1, MB_mid[0][0]),1),
TH3[0] = min(max(TH3_mid[0] + (max_lum — TH3_mid[0] * (WA)"2, TH3 mid[0]),1), and

base offset = min(max(base offset mid * (1 — (WA)N3), 0), base offset mid), wherein

MaxDisplay MaxDisplay
_ maxlum G(MaxDisplay,m_a_T)
WA = MaxDisplay ’

1 G(MaxDisplay,m_a_T)

xR

10 G(L,m_a) = m.a T , or

m_p—(K1xm_p-K2) X(L:nm;b) -m
1 1
_ m_n
_ K3x (mL_a)m-m )
G(L,m_a) = — , wherein
m_p—(K1xm_p—K2) x(mLa)m—m

L is the input signal, G(L) is the inverse function of the function H(L) corresponding to the

tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are the curve parameters, G(L, m_a T)
indicates the G(L) value corresponding to the input variable L when the value of the parameter

15 M aofG(L)ism_a T, N1, N2, and N3 are rational numbers, max(a, b) indicates calculating the

larger value of a and b, min(a, b) indicates calculating the smaller value of a and b, and H(L) is

m_pxL™-"

m._m
m_b, or
(lem_p—KZ)me—"+K3) +m.b,

H(L) = m_a X (

m_pxL™-" )m—m

H(L) =max ((lem_p—KZ)me—"+K3

15. A dynamic range mapping apparatus, comprising:
20 an obtaining unit, configured to obtain a display parameter of a terminal device, wherein

the obtaining unit is further configured to obtain feature information of image data; and

the obtaining unit is further configured to obtain a first parameter of a first tone mapping

curve of the image data;

a processing unit, configured to: when a preset condition is met, obtain a second parameter

25  of asecond tone mapping curve based on the first parameter, the display parameter of the terminal

device, and the feature information of the image data, wherein output luminance at a first point on
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the second tone mapping curve is not greater than input luminance at the first point on the second
tone mapping curve; and

a mapping unit, configured to perform dynamic range mapping on the image data based on
the second parameter of the second tone mapping curve.

16. The apparatus according to claim 15, wherein the preset condition is met when any one
of the following conditions is met:

when tone mapping is performed on the image data based on the first parameter, output
luminance at a second point on the first tone mapping curve is greater than input luminance at the
second point on the first tone mapping curve; or

a parameter ppi in the first parameter is greater than a first value Tp, wherein the first value
Tp is obtained based on ap; in the first parameter and a preset correspondence between ap and ppi;
or

a parameter ap in the first parameter is greater than a second value Ta, wherein the second
value Ta is obtained based on ppi in the first parameter and a preset correspondence between ap;
and ppi; or

a product of a parameter ap; and a parameter ppi in the first parameter is greater than a third
value Tap, wherein the third value Tap is a preset rational number.

17. The apparatus according to claim 15 or 16, wherein the second parameter comprises a
first linear spline curve parameter, and the first linear spline curve parameter comprises a slope
MBJ0][0] of a first linear spline on the second tone mapping curve and/or a maximum value TH3[0]
of a luminance value of a range pixel of the first linear spline and/or an intersection point
base offset of the first linear spline and a vertical coordinate axis.

18. The apparatus according to any one of claims 15 to 17, wherein the first parameter
comprises a second linear spline curve parameter, the second linear spline curve parameter
comprises a slope MB_mid[0][0] of a second linear spline on the first tone mapping curve and/or
a maximum value TH3 mid[0] of a luminance value of a range pixel of the second linear spline,
the display parameter comprises maximum display luminance MaxDisplay of the terminal device,
and the feature information comprises a maximum luminance correction value max_lum of the
image data; and

the processing unit is specifically configured to:

adjust the curve parameters MB_mid[0][0] and TH3 mid[0] based on the maximum display
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luminance MaxDisplay and the maximum luminance correction value max _lum to obtain the curve
parameters MB[0][0] and TH3][0].
19. The apparatus according to claim 18, wherein the curve parameters MB_mid[0][0] and
TH3 mid[0], and the curve parameters MB[0][0] and TH3[0] satisfy the following formulas:
MB[0][0] = min(max(MB_mid[0][0] + (I — MB_mid[0][0]) * (WA)¥1, MB_mid[0][0]),1)
and

TH3[0] = min(max(TH3_mid[0] + (max_lum — TH3 mid[0]) * (WA)Mz, TH3 mid[0]),1),

wherein
MaxDisplay MaxDisplay
_ maxlum G(MaxDisplay,m_a_T)
WA = MaxDisplay ’

1 G(MaxDisplay,m_a_T)

Kax(Lm )

G(L,m_a) = m.a T , or

m_p—(K1xm_p-K2) X(L:nm;b) -
1 1
_ m_n
G(L, m_a) = ko) i
,m_a) = — , wherein
m_p—(K1xm_p—K2) x(mLa)m—m

L is an input signal, G(L) is an inverse function of a function H(L) corresponding to a tone
mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are curve parameters, G(L, m_a_T) indicates
a G(L) value corresponding to an input variable L when a value of a parameter M_a of G(L) is
m_a T, N1 and N2 are rational numbers, max(a, b) indicates calculating a larger value of a and b,

min(a, b) indicates calculating a smaller value of a and b, and H(L) is

m_pxL™-"

m._m
m_b, or
(lem_p—KZ)me—"+K3) +m.b,

H(L) = m_a X (

m_pxL™-" )m—m

H(L) =max ((lem_p—KZ)me—"+K3

20. The apparatus according to any one of claims 15 to 19, wherein the second parameter
comprises a cubic spline curve parameter, and the cubic spline curve parameter comprises
interpolation point values THI[1], TH2[1], and TH3[1] of a cubic spline on the second tone
mapping curve, wherein TH1[1] indicates a minimum value of a luminance value of a first range
pixel of the cubic spline, TH2[1] indicates a maximum value of the luminance value of the first
range pixel of the cubic spline and a minimum value of a luminance value of a second range pixel
of the cubic spline, and TH3[1] indicates a maximum value of the luminance value of the second

range pixel of the cubic spline.

67



10

15

20

25

30

21. The apparatus according to claim 20, wherein the interpolation point values THI[1],
TH2[1], and TH3[1] of the cubic spline are obtained based on the second linear spline curve
parameter TH3[0] in the first parameter and preset offset values of the interpolation point values
THI1[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] = TH3][O0],

TH2[1]=THI[1] + B, and

TH3[1]=TH2[1]+ C * TH2[1] - D * TH1[1], wherein

B, C, and D are preset values of correlation values for calculating the interpolation point
values TH1[1], TH2[1], and TH3[1] of the cubic spline, B is a preset offset value corresponding
to a luminance value of a dark-bright transition region pixel, and C and D are preset weighting
coefficients corresponding to a luminance value of a bright region pixel.

22. The apparatus according to claim 20, wherein the interpolation point values THI1[1],
TH2[1], and TH3[1] of the cubic spline are calculated based on the second linear spline curve
parameter TH3[0] in the first parameter and correlation values for calculating the interpolation
point values TH1[1], TH2[1], and TH3[1], as shown in the following:

THI1[1] =3Spline_ TH[1][0][w],

TH2[1] =3Spline TH[i][0][w] + 3Spline TH_Deltal[i][1][w], and

TH3[1] = 3Spline_ TH[i][0][w] + 3Spline TH_ Deltal[i][1][w] +
3Spline TH Deltal[i][2][w], wherein

3Spline_ THJ1][0][w], 3Spline TH_Deltal[i][1][w], and 3Spline TH Deltal[i1][2][w] are the
correlation values that are used for calculating the interpolation point values TH1[1], TH2[1], and
TH3[1] and that are extracted from metadata.

23. The apparatus according to claim 22, a Y coordinate of a linear spline on the second tone
mapping curve at TH3[0] is the same as a Y coordinate of the cubic spline on the second tone
mapping curve at TH1[1], and a first-order derivative of the linear spline at TH3[0] is the same as
a first-order derivative of the cubic spline at TH1[1].

24. The apparatus according to claim 22 or 23, wherein a Y coordinate of a first cubic spline
on the second tone mapping curve at TH2[1] is the same as a Y coordinate of a second cubic spline
on the second tone mapping curve at TH2[1], and a first-order derivative of the first cubic spline
at TH2[1] is the same as a first-order derivative of the second cubic spline at TH2[1].

25. The apparatus according to any one of claims 22 to 24, wherein a Y coordinate of the
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second cubic spline on the second tone mapping curve at TH3[1] is the same as a Y coordinate of
a third tone mapping function on the second tone mapping curve at TH3[1], and a first-order
derivative of the second cubic spline at TH3[1] is the same as a first-order derivative of the third
tone mapping function at TH3[1].

26. The apparatus according to any one of claims 15 to 25, wherein the obtaining unit is
specifically configured to:

obtain the metadata of the image data; and

determine the first parameter of the first tone mapping curve based on the metadata and the
display parameter.

27. The apparatus according to any one of claims 15 to 26, wherein the first parameter
comprises the second linear spline curve parameter, the second linear spline curve parameter
comprises the slope MB_mid[0][0] of the second linear spline on the first tone mapping curve
and/or the maximum value TH3 mid[0] of the luminance value of the range pixel of the second
linear spline and/or an intersection point base offset mid of the first linear spline and the vertical
coordinate axis, the display parameter comprises the maximum display luminance MaxDisplay of
the terminal device, and the feature information comprises the maximum luminance correction
value max_lum of the image data; and

the processing unit is specifically configured to:

adjust the curve parameters MB_mid[0][0], TH3 mid[0], and/or base offset mid based on
the maximum display luminance MaxDisplay and the maximum luminance correction value
max_lum to obtain the curve parameters MB[0][0], TH3[0], and/or base_offset.

28. The apparatus according to claim 27, wherein the curve parameters MB_ mid[0][0],
TH3 mid[0], and/or base offset mid, and the curve parameters MB[0][0], TH3[0], and/or
base offset satisfy the following formulas:

MB[0][0] = min(max(MB_mid[0][0] + (1 — MB_mid[0][0]) * (WA)"N:, MB_mid[0][0]),1),

TH3[0] = min(max(TH3_mid[0] + (max_lum — TH3 mid[0] * (WA)"z, TH3 mid[0]),1), and

base_offset = min(max(base_offset_mid * (1 — (WA)™3), 0), base_offset_mid), wherein

MaxDisplay MaxDisplay
WA _ maxlum G(MaxDisplay,m_a_T)
- MaxDisplay ’

G(MaxDisplay,m_a_T)
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G(L,m_a) = ma - , or

m_p—(K1xm_p—-K2) X(L_m‘b) -m

m

1
Kax(Lo ) e
G(L,m_a) = o2 - , wherein

m-p—(K1><m_p—K2)x(mL_a)ﬁ

L is the input signal, G(L) is the inverse function of the function H(L) corresponding to the

tone mapping curve, m_a, m_b, m_m, m_n, k1, k2, and k3 are the curve parameters, G(L, m_a T)

5 indicates the G(L) value corresponding to the input variable L when the value of the parameter
M aof G(L)ism_a T, N1, N2, and N3 are rational numbers, max(a, b) indicates calculating the

larger value of a and b, min(a, b) indicates calculating the smaller value of a and b, and H(L) is

m_pxLM-1
(K1xm_p—-K2)xL™M-"n4+K3

H(L) = m_a X ( )m_m + m_b, or

H(L) = m_a X (

m_pxLM-1 )m_m

(K1xm_p—-K2)xL™M-"4+K3
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