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[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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[Fig. 5]
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[Fig. 6]
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[Fig. 7]
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[Fig. 8]
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[Fig. 10]
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[Fig. 11]

FIG. 11

START STREAM
GENERATION PROCESS
510
CONVERT HDR IMAGE INTO SDR IMAGE
! 511
SET SPS 3
! 512
SET VUI 3
! S13
SET PPS 3
! 514
SET knee_function_info SEI
! s15
ENCODE 3
! 516
GENERATE CODED STREAM
! £S17
TRANSMIT CODED STREAM

!
( END )
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[Fig. 12]
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[Fig. 13]

FIG. 13

START IMAGE
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[Fig. 14]
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[Fig. 15]
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[Fig. 16]

FIG. 16
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[Fig. 17]
FIG. 17
knee_function_info (payloadSize) { Descriptor
knee_function_id ue (v)
knee_function_cancel flag ufl)
i f (Tknee_function_cancel_flag) {
input_knee_point u{16)
output_knee_point u(16)
d_range u(32)
d_range_disp_luminance u{32)
J
}
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[Fig. 18]
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[Fig. 19]
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[Fig. 20]
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[Fig. 21]

FIG. 21

START STREAM
GENERATION PROCESS
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IMAGE IS SDR IMAGE?
YES
v 572
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=

y S73
SET SPS 3

! -
SET VUI 3

v 575
SET PPS 3

{ <576

SET knee_function_info SEI

! 577
ENCODE 3

! £S78

GENERATE CODED STREAM
! £S79
TRANSMIT CODED STREAM

!
(C_END )
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[Fig. 22]
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[Fig. 23]

FIG. 23

START IMAGE
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[Fig. 24]
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[Fig. 25]
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[Fig. 26]

FIG. 26
tone_mapping_info{payloadSize) { Descriptor
tone_map_id ue {v)
tone_map_cancel _flag u (1)

if ('tone_map_cancel flag) {

———————-snip-————-——-

i f (tone_map_model _id == 0) {

nominal_white_level_code_value u(16)

extended white level code value |[u(16)

lelse if{tone_map_model_id == 5)

input_knee_point u(16)
output_knee_point u(16)
d_range u(32)
d_range_disp_luminance u(32)

}
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[Fig. 27]

FIG. 27
tone_mapping_info (payloadSize) { Descriptor
tone_map_id ue (v)
tone_map_cancel _flag u (1)

i f (1tone_map_cancel flag) {

—-——————=8Nip ———

i f (tone_map _model id == 0) {

—-———====8nip -

nominal_white level code value u(16)

extended white level code value |u(16)

lelse if{ tone_map_model_id == 5)

input_knee_point u(16)

output_knee_point u(16)

)
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[Fig. 28]

FIG. 28

knee function_info(payloadSize) { Descriptor

knee_function_id ue (v)

knee_function_cancel_flag u (1)

i f (knee_function_cancel_flag) {
compression_flag u(1)
d_range u(32)
d_range_disp_luminance u(32)
num_knee_point_minus1 ue {(v)
for (i=0; i<=num_knee_point_minus1; i++)

{
input_knee_point[i] u(16)
output_knee_point[il u(16)

)
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[Fig. 29]
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[Fig. 30]
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[Fig. 31]
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[Fig. 32]

FIG. 32
tone_mapping_info(payloadSize) { Descr iptor
tone_map_id ue {v)
tone_map_cancel|_flag u (1)
i f(1tone_map_cancel_flag) {
-------- snip-————————-
i f (tone_map_model_id == 0) {

———————— ship-———————-
nominal_white_level_code_value u(16)
extended_white_level_code_value u(16)

}else if(tone_map_model_id == 5) {
compression_flag u(l)
d_range u(32)
d_range_disp_luminance u(32)
num_knee_point_minus1 ue (v)
for (i=0; i<=num_knee_point_minusi; i++)

{

input_knee_point[i] u(16)
output_knee_point[i] u(16)
}
}
}
}
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[Fig. 33]
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[Fig. 34]

FIG. 34
knee_function_info(payloadSize) { Descriptor
knee_function_id ue (v)
knee_function_cancel_flag u (1)
i f (Iknee_function_cancel flag) {
compression_flag u(l)
d_range u(32)
d_range_disp_luminance u(32)
num_knee_point_minusi u(2)
for (i=0; i<=num_knee_point_minus1; i++)
{
input_knee_point[i] u(16)
output_knee_point[il u(16)

J
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[Fig. 35]

FIG. 35

tone_mapping_info(payloadSize) { Descriptor
tone_map_id ue (v)
tone_map_cancel_flag u{1)
i f (1tone_map_cance!|_flag) {
———————— snip-———-———-
i f (tone_map model id == 0){

———————— snip————-
nominal_white_level_code_value u{16)
extended_white_level_code_value u{16)

lelse if (tone_map_model_id == 5) {
compression_flag u (1)
d_range u{32)
d_range_disp_luminance u(32)
num_knee_point_minus1 u{2)
for (i=0: i<=num_knee_point_minus1; i++)

{

input_knee_point[i] u{16)
output_knee_point[i] u{16)
}
}
]
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[Fig. 36]

FIG. 36

knee_function_info (payloadSize) { Descr iptor
knee_function_id ue (v)
knee_function_cancel_flag u(1)
i f (1knee_function_cancel|_flag) {
compression_flag u (1)
representative_input_knee_point u(16)
representative_output_knee_point u(16)
d_range u{32)
d_range_disp_luminance u{32)
num_knee_point_minusT u(2
for (i=0; i<=num_knee_point_minus1; i++)
{
input_knee_point[i] u{16)
output_knee_point[i] u({16)
}
)
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[Fig. 37]
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[Fig. 38]
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[Fig. 39]

FIG. 39
tone_mapping_info{payloadSize) { Descriptor
tone_map_id ue (v)
tone_map _cancel flag u 1)

if(!tone_map_cancel _flag) {

———————— snip—--————-
i f (tone_map_model_id == 0) {
———————— snip-———-————-
nominal _white level code_value u(16)
extended_white_level_code_value u(16)
Yelse if (tone_map_model_id == 5) {
compression_flag u (1)
representative_input_knee_point u{16)
representative_output_knee_point u(16)
d_range u(32)
d_range_disp_luminance u(32)
num_knee_point_minusl u(2)

for (i=0; i<=num_knee_point_minusl1; i++)

input_knee_point[i] u16)

output_knee_point[i] u(16)

J
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[Fig. 40]

FIG. 40

knee_function_info (payloadSize) { Descr iptor
knee_function_id ue (v)
knee_function_cancel_flag u(1)
if (knee_function_cancel flag) {
knee_function_persistence flag u(1)
compression_flag u(l)
input_d_range u(32)
input_disp_luminance u(32)
output_d_range u(32)
output_disp_luminance u(32)
num_knee_point_minus1 ue (v)
for (i=0; i<=num_knee_point_minusl. i++)
{
input_knee_point[i] u(10)
output_knee_point[i] u(10)

J
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[Fig. 41]
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[Fig. 42]
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[Fig. 44]
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[Fig. 45]

FIG. 45
tone_mapping_info{payloadSize) | Descriptor
tone_map_id ue (v)
tone_map _cancel flag u1)

i T (1tone_map_cancel flag) {

———————— snip—————-

i f (tone_map_model _id == 0) {

-------- snip-————-————-
nominal_white level code value u(16)
extended white level code_value u(16)

lelse if( tone_map model id == 5}

compression_flag u(1)
input_d_range u(32)
input_disp_luminance u(32)
output_d_range u(32)
output_disp_luminance u(32)
num_knee_point_minus1 ue (v)
for (i=0; i<=num_knee_point_minus1; i++)
{
input_knee_point[i] u(10)
output_knee point[i] u(10)

J
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[Fig. 46]

FIG. 46

Tone Mapping I[nformation Box(‘tinf")

Box Type ‘tinf’
Container Sample Table Box(‘stbl')or
Track Fragment Box (‘traf’)
Mandatory No
Quantity Zero,or one in every track/track fragment

aligned(8)class ToneMappingInformationBox
extends Ful [Box (“tinf’, version=0, flags=0)
{

unsigned int(32) number_of tone _mapping info
for (i=0; i<number_of_tone_mapping_info: i++)

{
}

ToneMapInfo tonemap:




[Fig. 47]
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FIG. 47

aligned{8) class ToneMaplnfo
i
unsigned int{32) tone
unsigned int{7) paddi

if{!tone_map_cancel_f
unsigned int (7
unsigned int(l
unsigned int(8
unsigned int(8
unsigned int(8
i f{tone map mo
unsigne
unsigne

lelse if(tone_|
unsigne
unsigne

for (j=0

}

unsigne
if (came

unsigne
if (expo

unsigne
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

_map_id
ng_value

unsigned int{1) tone_map_cancel_flag

lag) |

) padding_valua

) tone_map_persistence_flag
) coded data bit depth

) target_bit_depth

) tone_map_model_id

del id ==0)1

d int @2 min_value

d int(32) max_value
map_model_id = = 1) ]

d int(32) sigmoid_midpoint
d int{32) sigmoid width

lelse if(tone_map model_id = = 2)

for (j=0: j<{1<target_bit_depth): j++)

unsigned int{256) start of_coded_interval[]]
lelse if{tone_map_model_id = = 3 {

unsigned int{16) num_pivots

Ji<num_pivots; j++) {
unsigned int{256) coded_pivot_valuel]]
unsigned int{256) target pivot value[J]

lelse if(tone_map_model_id = = 41 {

d int{8) camera_iso_speed_idc
ra_iso_speed_idc = = EXTENDED IS0)
unsignad int{32) camera_iso_spead _value
d int(8) exposure_index_ide
sure_index_idc = = EXTENDED_ISO)
unsigned int{32) exposure_index_value

d int{7) padding value

int{1) exposure_compensation_value_sign_flag

int {16}
int {16)
int{32)
int{32)
int{16)
int{16)
int (16)

exposure_compensation_value_numerator
exposure_compensation_value_denom_idc
ref_screen_luminance_white
extended_range_white_level
nominal_black_level_code_value
nominal_white_level_code_value
extended_white_level code value

lelse if(tone_map_model_id == 5} {

unsigned int (1) compression_flag

ungigned int(32) d_range

unsigned int(32) d_ranege_disp_luminance

unsigned int(2) num_knee_point_minusi

far (i=0; i<=num_knee_point_minust;i++) {
unsigned int(16) input_knee point[i]
unsigned int(16) output_knee_point[i]
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[Fig. 48]

FIG. 48

input_knee_point[i] MAY BE EQUAL TO OR LESS

THAN input_knee_point[i-1].

knee_function IS FORMED BY PLURAL STRAIGHT LINES WHICH CONNECT
ALL knee points TO EACH OTHER IN ASCENDING ORDER OF
input_knee_point[i] FROM (0.0, 0.0) TO (1.0, 1.0).

WHEN DECODED IMAGE IS CONVERTED INTO IMAGE THROUGH KNEE
CONVERSION, CONVERSION MAY BE PERFORMED BY USING APPROXIMATE
FUNCTION QOF knee_function.

APPROXIMATE FUNCTION OF knee_function CAN BE OBTAINED

BY USING PLURAL STRAIGHT LINES WHICH CONNECT knee_points[0]
TO[N] IN ASCENDING ORDER OF input_knee_point[i] FROM (0.0, 0.0)

TO (1.0, 1.0) FOR ANY N OF 0<N < num_knee_points_minus1.
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[Fig. 49]
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[Fig. 50A]
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FIG. 50A

num_knee_points_minus1=28

i 0 1 2 3 4 5 6 7 8
input_knee_point | 200 | 600 | 100 | 400 | 800 | 300 | 500 | 700 | 900
output_knee_point | 433 | 774 | 290 | 628 | 894 | 540 | 705 | 836 | 949

[Fig. 50B]

FIG. 50B

|
knee_point [6] (500, 705)

knee_point [3] (400, 628)
#Knee_point [5] (300, 540)

OUTPUT LUMINANCE

knee_point [2] (100, 290) —

knee_point [0] (200, 430) _|

/

0, 0)

INPUT LUMINANCE

7 knee_point [8] (900, 949) == (1000, 1000)
knee_point [7] (700, 836) Aee7‘_r§oint 4] (800, 894)

knee_point [1] (600, 774)
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[Fig. 51]

FIG. 51

(1000, 1000)

L /
:z1:> %ee_point [1] (600, 774)
= i
= /
E knee_point [0] (200, 430) —
= knee_point [2] (100, 290) —
~ 1/
(0, 0)

INPUT LUMINANCE
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[Fig. 52]

FIG. 52

(1000, 1000)
knee_point [4] (800, 894)

L 1
:ZE’ /k?ee_point [1] (600, 774)
|
= knee_point [3] (400, 628)
= /
= knee_point [0] (200, 430) —
= knee_point [2] (100, 290) —
1/
(0, 0)

INPUT LUMINANCE
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[Fig. 53]

FIG. 53

(" START DECODING PROCESS )

S
RECEIVE CODED STREAM
EXTRACT CODED DATA 5112
AND PARAMETER SET

\L S113

DECODE 4
‘l' <5114

SELECT DR CONVERSION INFORMATION

J’ 3115

TRANSMIT DR CONVERSION S

INFORMATION AND DECODED IMAGE

!
( END )
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[Fig. 54]

FIG. 54

(' START DISPLAY PROCESS )

v

RECEIVE DR CONVERSION
INFORMATION AND DECODED IMAGE

5131

5132

DYNAMIC RANGE OF
LUMINANCE CORRESPONDING
TO DISPLAY UNIT IS DYNAMIC RANGE OF
LUMINANCE QF DECODED
IMAGE?

CONVERT DECODED IMAGE 5133
INTO IMAGE BASED ON DR
CONVERSION INFORMATION

‘L< 58134
DISPLAY IMAGE

!
( END )
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[Fig. 55]
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[Fig. 56]

FIG. 56

WHEN DECODED IMAGE IS CONVERTED INTO IMAGE THROUGH KNEE
CONVERSION, CONVERSION MAY BE PERFORMED BY USING APPROXIMATE
FUNCTION OF knee_function.

APPROXIMATE FUNCTION OF knee_function CAN BE OBTAINED BY
USING PLURAL STRAIGHT LINES WHICH CONNECT knee_points
[approximate_knee_point_index[0]] TO [approximate_knee_point_index[N]] IN
ASCENDING ORDER OF i FROM (0.0, 0.0) TO (1.0, 1.0) FOR ANY N OF
0<N<num_knee_points_minus1.

[Fig. 57A]

FIG. 57A

num_knee_points_minus1=8

i 0 1 2 3 4 5 6 7 8

input_knee_point | 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900

output_knee_point | 290 | 433 | 540 | 628 | 705 | 774 | 836 | 894 | 949

j o1 |2 |3 |4 |5 |6 ]| 7] 8

approximate_knee
_point_index 1|50 |3 |7 |2 | 41|68
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[Fig. 57B]

FIG. 57B

T knee_point [8] (900, 949) =7 (1000, 1000)
knee_point [6] (700, 836),/£point [71(800, 894)

L |
| o

% knee_point [4] (500, 7(&/ knee_point [51] (600, 774)
= knee_point [3] (400, 628)
§ knee_point [2] (300, 540)
= ’/knee_point [1] (200, 430)
= -7/knee_point [0] (100, 290) —
° /

0, 0)

INPUT LUMINANCE
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[Fig. 58]

FIG. 58

(1000, 1000)

L /
= /'k(nee_point 5] (600, 774)
= 4
> z
E knee_point [1] (200, 430) —
H knee_point [0] (100, 290) — |
Y
/
(0, 0)

INPUT LUMINANCE



[Fig. 59]

OUTPUT LUMINANCE

58/91

FIG. 59

/Twee point [5
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[Fig. 61]
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[Fig. 62]
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[Fig. 70]
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[Fig. 71]
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[Fig. 73]
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[Fig. 74]
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[Fig. 75]
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[Fig. 78]
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[Fig. 81]
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[Fig. 84]
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[Fig. 87]

896
,

JANQ
WNIGIN
A
116 0/6
{ {
1INN 4/1 1NN | LINNA/T |
¥3asn JOYLINOD [€ < > IWNY3LX3 [ 996
716~
1NN L UNN |
aso ¢ < | AJOWaw [ L%
Y
LINN TINN
LINN LINN
<— 9NISSID0Hd ONISSTDOHd
AV1dSId VIVa IOV | | YNDIS VEIAYD ONIDVAI
— — — —
96 96 €96 29 196
096
.8 9Old




86/91

[Fig. 88]
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[Fig. 89]
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[Fig. 90]
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