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Ideal	
  (unsigned)	
  integer	
  precision	
  for	
  
represenHng	
  linear	
  light	
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Alignment	
  between	
  10-­‐bit	
  PQ	
  and	
  
	
  intensity	
  f-­‐stop	
  (28-­‐bit	
  linear	
  light)	
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nits	
  

nits	
  

MSB	
  LSB	
  



Dark	
  scene	
  capture	
  (0.001	
  to	
  10	
  nits)	
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Bright	
  scene	
  capture	
  (0.05	
  to	
  1000	
  nits)	
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EsHmaHng	
  noise	
  with	
  orig-­‐denoised	
  dif	
  

JCTVC-­‐U0044	
  
noise	
  reduced	
  
clip	
  

Luma	
  channel	
  
Log2(	
  Sqrt(	
  MSE	
  )	
  )	
  

bits	
  	
  

AutoWelder	
   2.83	
  

BalloonFesHval	
   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	
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Studio	
  HDR	
  Workflow	
  today	
  

LMT	
   RRT	
   ODT:	
  	
  àBT.2020	
  

Pre-­‐processing	
  	
  
(Noise	
  reducHon)	
  

IDT	
  

RGB	
  to	
  YCbCr	
  NCL	
  4:4:4	
  to	
  4:2:0	
  

Range	
  scale	
   Float	
  to	
  integer	
  

RAW	
  to	
  RGB	
  

Encode	
  
	
  (HEVC,	
  AVC)	
  

camera	
  

Capture	
  

prep-­‐	
  for	
  coding	
  

code	
  

S-­‐log	
  (.IMF)	
  
C-­‐log	
  

ACES:	
  linear	
  RGB	
  
SMPTE	
  ST	
  2065	
  
(.EXR)	
  

PQ	
  RGB	
  
(.EXR)	
  

OCES	
  

Linear	
  light	
  
	
  (Bayer	
  pa<ern)	
  

Itera>ons	
  with	
  
Colorist/grading	
  tools	
  

scene	
  à	
  display	
  referred	
  	
  	
  

ACES	
  

.CDL,	
  LUT,	
  XML	
  

(assumes	
  system	
  gamma)	
  

Camera	
  à	
  ACES	
  

JCTVC-­‐U0047	
  	
  /	
  	
  m36277	
  

f32	
  

f32	
  

f32	
  f32	
  

f32	
  

ui16	
  
(near	
  future:	
  ui24)	
  

iu10	
  S-­‐log	
  
or	
  f16	
  EXR	
  

f32	
   ui10	
  

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

chroma_sample_loc_type=2	
  



ACES	
  RRT	
  v1.0:	
  	
  overview	
  

Glow	
  module	
   Red	
  modifier	
  

ACES	
  to	
  RGB	
  
rendering	
  
space	
  

Global	
  	
  
DesaturaHon	
  
	
  

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

Apply	
  tone	
  scale	
  
independently	
  in	
  
rendering-­‐space	
  RGB	
  

Convert	
  
rendering	
  RGB	
  
space	
  to	
  OCES	
  

one	
  	
  
ACES	
  
R,G,B	
  	
  
Input	
  
pixel	
  

rgbOces	
  

aces	
  

aces	
  

rgbPre	
  

rgbPre	
  

rgbPost	
  

rIn,	
  gIn,	
  bIn	
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RRT:	
  Glow	
  module	
  

rgb_2_satura+on	
  

rgb_2_yc	
  

sigmoid_shaper(	
  
(saturaHon	
  -­‐	
  0.4)	
  /	
  0.2)	
  

	
  

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

mult_f_f3(	
  
addedGlow,	
  aces)	
  

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

O
ne

	
  A
CE

S	
  
R,
G,
B	
  
pi
xe
l	
  

s	
  

saturaHon	
  

ycIn	
  

addedGlow	
  

To	
  “Red	
  modifier”	
  

RRT_GLOW_MID	
  	
  =	
  0.08	
  
RRT_GLOW_GAIN	
  	
  =	
  0.05	
  

aces	
  

rIn,	
  gIn,	
  bIn	
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RRT:	
  Red	
  Modifier	
  

rgb_2_hue	
  

aces[0]+=	
  
hueWeight	
  *	
  
saturaHon	
  *	
  
(RRT_RED_PIVOT-­‐	
  aces[0])*	
  
	
  (1.	
  –	
  RRT_RED_SCALE)	
  

center_hue()	
  

cubic_basis_shaper(	
  
centerHue,	
  
RRT_RED_WIDTH)	
  
	
  

One	
  ACES	
  	
  
Pixel	
  aner	
  
Glow	
  module	
  

centerHue	
  

hue	
  

HueWeight	
   RRT_RED_WIDTH	
  
	
  =	
  135	
  

RRT_RED_HUE	
  =	
  0	
  

RRT_RED_PIVOT	
  =	
  0.03	
  
RRT_RED_SCALE	
  =	
  0.82	
  

Green	
  (aces[1])	
  

Blue	
  (aces[2])	
  

aces[0]	
  

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

Red	
  
(aces[0])	
  

aces[2]	
   aces[1]	
   aces[0]]	
  

aces[]	
  

saturaHon	
  
(from	
  glow	
  module)	
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RRT:	
  Apply	
  Tone	
  scale	
  

One	
  ACES	
  Pixel	
  	
  
aner	
  	
  
Red	
  modifier	
  

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

clamp_f3(	
  aces,	
  0.,	
  
HALF_POS_INF)	
  
	
  

mult_f3_f44(	
  	
  aces,	
  
AP0_2_AP1_MAT	
  )	
  
	
  

AP0_2_AP1_MAT:	
  	
  
ACES	
  primary	
  to	
  working	
  space	
  	
  

clamp_f3(	
  aces,	
  0.,	
  
HALF_MAX)	
  
	
  

rgbPre[]	
  

mult_f3_f44(	
  	
  rgbPre,	
  
RRT_SAT_MAT	
  )	
  
	
  

rgbPre[]	
  

Global	
  desaturaHon	
  

Avoid	
  saturated	
  negaHve	
  colors	
  from	
  	
  
becoming	
  posiHve	
  in	
  the	
  matrix	
  

segmented_spline_c5_fwd	
  

segmented_spline_c5_fwd	
  

segmented_spline_c5_fwd	
  

rgbPre[0]	
  

Mult_f3_f44(	
  	
  rgbPre
,	
  AP1_2_AP0_MAT	
  )	
  
	
  

rgbOces	
  

aces[]	
  

rgbPre[1]	
  

rgbPre[2]	
  

AP1_2_AP0_MAT:	
  	
  
working	
  space	
  to	
  primaries	
  

RRT_SAT_FACTOR	
  =	
  0.96;	
  
	
  
RRT_SAT_MAT[3][3]	
  =	
  	
  
calc_sat_adjust_matrix(	
  
	
  RRT_SAT_FACTOR,	
  AP1_RGB2Y)	
  

v0.71	
  RRT	
  	
  hue	
  restore	
  removed	
  

shaper	
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ACES	
  Output	
  Device	
  Transform	
  (ODT)	
  
hcps://github.com/ampas/aces-­‐dev/blob/master/transforms/ctl/odt/hdr_pq/ODT.Academy.P3D60_PQ_1000nits.a1.0.0.ctl	
  

mult_f3_f44(	
  	
  oces,	
  
AP0_2_AP1_MAT	
  )	
  
	
  

OCES	
  to	
  RGB	
  rendering	
  space	
  

segmented_spline_c9_fwd	
  

segmented_spline_c9_fwd	
  

segmented_spline_c9_fwd	
  

rgbPre[0]	
   rgbPost[0]	
  

rgbPre[2]	
  

mult_f3_f44(	
  	
  rgbPost,	
  
AP1_2_XYZ_MAT	
  )	
  
	
  

mult_f3_f44(	
  	
  XYZ,	
  
XYZ_2_DISPLAY_PRI_MAT)	
  
	
  

rgbPre[1]	
   rgbPost[1]	
  

rgbPost[2]	
  

XYZ[]	
  

clamp_f3(	
  aces,	
  0.,	
  
HALF_POS_INF)	
  
	
  

Rendering	
  space	
  to	
  XYZ	
  

CIE	
  XYZ	
  to	
  display	
  primaries	
  

Clip	
  values	
  <	
  0	
  (i.e.	
  projec>ng	
  outside	
  the	
  	
  
display	
  primaries)	
  

Convert	
  linear	
  to	
  PQ	
  	
  
pq_r_f3(	
  rgb)	
  
	
  

Output	
  rgb	
  

oces	
  

shaper	
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