HDR workflow precision and steps
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ldeal (unsigned) integer precision for
representing linear light

EOTF( Scale(10Bits, MaxCodeLevel, VideoFullRangeFlag)) )

R = log, < ; ; ;
EOTF( Scale(10Bits, MinCodeLevel + 1,VideoFullRangeFlag))

. EOTF ( Scale(10,940,0))
~ %2 "EOTF( Scale(10,65,0))

.- EOTF(1.0)
- 082 (EOTF( 1 /877))

10,000 nits
0.00005 nits

R =log, ( ) = log,(200,000,000) = 28 bits
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Alignment between 10-bit PQ and

intensity f-stop (28-bit linear light)
B
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Dark scene capture (0.001 to 10 nits)

wwwww
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bit1 |bit2 |bit3 | bit4 bit 5 bit 6 bit 7 bit 8 bit 9 bit 10 PQ
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Bright scene capture (0.05 to 1000 nits)
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Estimating noise with orig-denoised dif

JCTVC-U0044 Luma channel

noise reduced Log,( Sqrt( MSE ) )

clip bits
AutoWelder 2.83
BalloonFestival 2.03
BikeSparklers 3.00
FireEater 2.15
MagicHour 2.44
Market 2.44
ShowGirl 2.56
Tibul 2.18
WarmNight 2.45
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Signal flow path from capture to HDR10

Remove isolated levels

Limited- below '70'56ﬂ oor; . Apply Py High-precision,
range scale pixels to full dynamic transfer R°'G'B’to edge-aware ol
capture range according to Establish look; function Y’Cb’Cr’ NCL filters Final stage
aperture metadata Device render (3x3 matrix)

uilé 32 32 32 32 32 uint10
Linear Noise redux, Color timing linear to Color Chroma Float to
primaries 7L>' de-Bayer +> & grading 7L> PQ 7L> space 7% resample 7Q integer 7Q
(camera) IDT LMT, RRT (oDT) convert 4:4:4 -> 4:2:0 samples

RAW EXR ( ) EXR ( ) P .yuv
Mastering
monitor
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to HEVC encoder



Studio HDR Workflow today

Camera = ACES S-log (.IMF) Linear light
Clog (Bayer pattern)
IDT o0, | RAW to RGB — camera
| ACES: linear RGB ©or f16 EXR C ; (near future: ui24)
S—— BT 1 T ——— QPLULE s cocanssssssssnnanssssssssnnasssssssssnnasasssssssnnaassal
- (EXR) .
ACES OCES |
l LMT ——> RRT r— ODT: =BT.2020 ]
l .
.CDL, LUT, XML scene = display referred | I
l play ref I "’4 PQ RGB |
I Jgssimeisy.ﬂam_garrﬂm)J (EXR) i
, Pre-processing
4 :2:0 € 7 D=y a— . )
4:4:4to 4:2:0 — RGB to YCbCr NCL — (Noise reduction)

chroma_sample_loc_type=2

Range scale

Full range to narrow/legal range
W (video_full_range_flag=1 = 0)

>

f327

Encode
(HEVC, AVC)
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ACES RRT v1.0: overview

https://github.com/ampas/aces-dev/blob/master/transforms/ctl/rrt/RRT.a1.0.0.ctl

rin, gin, bin

Zrc‘és aces
ree — 2 Glow module > Red modifier
Input
pixel
aces
Desaturation < rendering
space
rgbPre
Apply tone scale Convert

_ . rgbPost . rgbOces
independently in > rendering RGB ——>

rendering-space RGB space to OCES




rin, gin, bin

RRT: Glow module

https://github.com/ampas/aces-dev/blob/master/transforms/ctl/rrt/RRT.a1.0.0.ctl

>

One ACES R,G,B pixel

rgb_2_ saturation

saturation

rgb_2 yc

ycin

sigmoid_shaper(
(saturation-0.4) / 0.2)

ls

>

RRT_GLOW_MID =0.08
RRT_GLOW_GAIN =0.05

1. + glow_fwd( ycin,
RRT_GLOW_GAIN *
s, RRT_GLOW_MID)

addedGlow

\4

mult_f f3(

addedGlow, aces)

laces
To “Red modifier



RRT: Red Modifier

https://github.com/ampas/aces-dev/blob/master/transforms/ctl/rrt/RRT.a1.0.0.ctl

aces[] hue
> rgb_2 hue > center_hue()
One ACES - = —
Pixel after
Glow module
RRT_RED_PIVOT =0.03 centerHue
RRT_RED_SCALE = 0.82
_________________ ;
i \ 4
aces|0]+= . .
saturation > h V[V]' ht * _ cubic_basis_shaper(
(from glow module) uevvelg HueWeight centerHue
cesd| Saturation * D E— ’

(1. — RRT_RED_SCALE)

(RRT_RED_PIVOT- aces[0])*

RRT_RED_WIDTH)

Green (aces[1])

Blue (aces[2])
Y

aces[2]

Red
(aces[0])

W

aces[1] aces[0]]

RRT_RED_HUE =0

RRT_RED_WIDTH
=135



RRT: Apply Tone scale

https://github.com/ampas/aces-dev/blob/master/transforms/ctl/rrt/RRT.a1.0.0.ctl

APO 2 AP1_MAT:
ACES primary to working space

aces[] Clamp_f3( aces, 0., mUlt_f3_f44( aces,
> HALF_POS_INF) > APO_2_AP1_MAT)
One ACES Pixel
after . Avoid saturated negative colors from
Red modifier becoming positive in the matrix rgbPre(]

Global desaturation

mult_f3_f44( rgbPre, rgbPre(] clamp_f3( aces, 0.,
RRT_SAT_FACTOR = 0.96; R RT_SAT_MAT ) € HALF_MAX)

RRT_SAT_MATI[3][3] =
calc_sat_adjust_matrix(
RRT_SAT_FACTOR, AP1_RGB2Y)

(gbPre[0]
- . AP1_2 APO_MAT:
segmen ted_sp I Ine_ C5_de ] working space to primaries

v0.71 RRT hue restore removed

rgbPre[1] Mult_f3_f44( rgbPre
—>| segmented_spline_c5_fwd ,AP1 2 AP0 MAT)
rgbPre[2]

shaper ——> segmented_spline_c5 fwd |~ l rgbOces



ACES Output Device Transform (ODT)

https://github.com/ampas/aces-dev/blob/master/transforms/ctl/odt/hdr_pg/ODT.Academy.P3D60 PQ_1000nits.a1.0.0.ctl

OCES to RGB rendering space

oces mult_f3_f44( oces,

—> AP0 2 AP1 MAT) [~
rgbPre[1]

shaper

CIE XYZ to display primaries

mult_f3_f44( XYZ,
XYZ_2_DISPLAY_PRI_MAT)

rgbPre[0]
>

rgbPre[2]
o —)

1 rgbPost[0]
segmented_spline_c9_fwd
. rgbPost[1]
segmented_spline_c9 fwd
. rgbPost[2]
segmented_spline_c9 fwd

XYZ[]

mult_f3_f44( rgbPost,

l

clamp_f3( aces, 0.,
HALF_POS_INF)

rgb

Clip values < 0 (i.e. projecting outside the
display primaries)

AP1 2 XYZ_MAT) -

Rendering space to XYZ

Convert linear to PQ

Output
pg_r_f3(rgb)




