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Hybrid Log-Gamma HDR
Part 1 -Mixed Display and Viewingg . Q
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Introduction to HLG
Designed for variety of displays
Domestic viewing environments

Summary

Part 2, Format conversion and compositing
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Hybrid Log-Gamma named after the camera OETF

HLG Camera OETF
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Relative Sensor Output

- Converts linear scene-light from camera sensor into non-linear signal for 10-/12-bit digital interfaces
- Matched to sensitivity of human visual system (HVS) to ensure minimal banding artefacts after quantisation
- HLG OETF (Opto-Electronic Transfer Function) combination of traditional “gamma” curve and logarithmic curve

- Delivers a compatible image on SDR WCG BT.2020 displays
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“The most important aspect of any TV system is the OOTF”

Masayuki Sugawara, when Deputy Head NHK STRL

opto-electronic electro-optical

Scene Light transfer function transfer function Display Light
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Linear scene-light Non-linear Linear display-light
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}4 OOTF (opto-optical transfer function) >|

- End-to-end chain has opto-optical transfer function (OOTF)
- OOTF ensures subjectively similar images on the display, to the scene in front of the camera
- The OOTF must change to accommodate different brightness displays and environments

- Both affect adaptation state of the eye, which changes perception of tones (and potentially colour)
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OOTF usually a “gamma law” - preserves subjective appearance of
the scene

OOTF Y=1.2 (logarithmic axes)

- Foragamma law OOTF,

displayed light « scene lightY

- Eye’s sensitivity to light intensity is approximately
logarithmic

- So as seen by the eye,

Log(displayed light) «< y Log (scene light)

Absolute displaydight (cd/m2)
()
(@)

- Thus, appearance of scene in front of camera is

maintained on TV display 0.00-
Relative scene light '
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OOTF Gamma critical for HDR as display capabilities so diverse
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Brighter viewing environments require a lower OOTF gamma

- A lower display gamma lifts detail out of the
shadows

- More visible with brighter ambient light

- Formula for HLG “gamma” change with viewing
environment derived through BBC subjective testing

- Specified in ITU-R Report BT.2390

- Now implemented in some consumer TVs

30 Rep. ITU-R BT.2390-5
FIGURE 24
Graph of system gamma vs. ambient lighting for a number of different screen luminances, with lines of best fit

System Gamma vs Ambient Lighting
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The line of best fit, which provides an indication of how gamma should be adjusted in non-reference
environments, 1s given by the equation below:

Lamp
Ybright = Yref — 0.076 log,, (%)

OOTFs
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Brighter displays require a higher OOTF gamma

- Should have been no real surprise due to logarithmic sensitivity of HVS

- Formula for HLG gamma with different luminance displays derived
through BBC & NHK subjective testing

- specified in ITU-R Recommendation BT.2100, Note 5f & Footnote 2

DVB-EBU HDR Workshop
IRT, Munich, Germany, 17 June 2014

FIGURE 23

Gamma value to match images for different screen peak brightness

- Entire signal displayed regardless of display peak luminance
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01 Bringing together the results of all studies, it 1s found that the appropriate system gamma () for
different brightness displays, in the reference environment, can be determined using the following
equation:
0.01 y=1.2+0.42Log,,(L /1000)
Relative scene I]ght where Ly is nominal peak luminance of the display in cd/m?.
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For “scene-referred” systems like HLG, OOTF is part of the display
SO can vary

10-/12-bit HLG
HLG OETF HLG Scene Inverse
Light Signal OETF
HLG EOTF
\
|
Camera

OOTF

- For display-referred systems such as PQ, the OOTF is part of the camera/grading so burnt-in to
signal and cannot vary (see BT.2100 Annex 1)
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Same HLG signal, different gamma for each environment and display

Daytime
0.05 1 2 5 10 100 500

Peak Lumiance

Display Nominal

- Use more accurate BT.2100 “Footnote 2” gamma formula, especially for dimmer displays (e.g. <=400 cd/m?)

- Viewing environment survey results:

https://www.bbc.co.uk/rd/blog/2020-12-results-from-the-ambient-lighting-survey



https://www.bbc.co.uk/rd/blog/2020-12-results-from-the-ambient-lighting-survey
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W3C WORKSHOP ON WCG AND HDR FOR THE WEB

HLG in other applications




SAVUNVNNmmRg YNV L0V NN VNN ymn
VVNVNN MmN NNNN NN N YNy mm
gy gy ¢ o m iy yyy iy Ny Ny Y

EIE[E@ Research & Development

HLG is the HDR format of choice for TV broadcasters

Broadcasters (TV channels)

HDR Ecosystem Tracker fall 2020
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Operators (DTT, DTH, Cable, IPTV)
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HDR Dolby Vision recording

Built on HLG

Inspector

IMG_0001.MOV

Source: [Users/S/Downloads/
IMG_0001.MOV
Format: HEVC (10-bit) BT.2020 HLG (9-18-9)
HLG
Stereo (L R), AAC, 44100 Hz
Resolution: 3840 x 2160, 16:9
Encoded FPS: 29.98
Data Size: 229 MB
Data Rate: 26.50 Mbit/s
Current Size: 3840 x 2160 (Actual Size)
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HLG designed from the outset to address a wide range of displays and viewing
environments

OOTF gamma for different peak luminance displays in ITU-R BT.2100 (Footnote 2)
OOTF gamma for different surround luminance in ITU-R BT.2390

HLG the predominant HDR format amongst TV broadcasters

Andrew Cotton
andrew.cotton@bbc.co.uk

www.bbc.co.uk/rd/projects/high-dynamic-range
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