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Objective Color Metrics
For Single-Stream High Dynamic Range, Wide Color Gamut and Standard Dynamic Range



Preserving Original Artistic Intent

This presentation covers how
NBCUniversal assures that we preserve
the original artistic intent during
broadcast transmission




...and asks....
How can we use similar tools
for testing ICC Mappings?
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Single-Stream Workflow Conversions
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* Determine Conversion Points
» Determine conversion goals (i.e. - where is graphics white, what are the anchor points between formats

» Make conversions from one format to another without changing perceptual representation (“original artistic intent”).
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NBCU'’s Single Stream Recommendation

NBCU, in collaboration with Cromorama, and building on ITU working group discussions for HDR operational practices involving Dolby, BBC and Philips, has
developed techniques to enable “single-stream” production that feeds both UHD HDR and SDR transmission simultaneously.

The NBCU LUTs developed for this workflow enable single-stream production whereby the HDR and SDR products are consistent to the point where the
benefits of HDR are realized making a unified production possible. Subsequently we’re sharing these efforts with the broadcast community for continued
collaboration and use in production and distribution.

The NBCU LUTS include both HLG and PQ LUTs following similar HDR/SDR conversion methodology and color science.
NBCU has a commitment to industry collaboration and would like to encourage consistent media exchange, therefore we are willing to provide the NBCU

LUTs freely. The NBCU LUTs are provided on an “as is” basis with no warranties.
The package of NBCU LUTs with additional documentation are available at the following link:

Chris Seeger and Michael Drazin are happy to answer questions pertaining to this effort and provide further insight into
workflow.

Chris Seeger .
Chris.Seeger@nbcuni.com Scan This Code To Download

_ _ The NBCU Recommendation and
Michael Drazin LUTS
michael.drazin@nbcuni.com

We ask that manufactures include an acknowledgment in their license to their customers that the LUTs were “developed by
NBCUniversal Media, LLC.”
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In A Typical Broadcast Workflow
There Are Now Several Possible
Video Formats




10,000 cd/mz2

1,000 cd/m2

200/100 cd/m2

* Per ITU-R, HLG reference display normalized at 1k cd/m?2
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HDR and WCG have a much larger color volume
Compared to SDR

What can possible go wrong ?
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MPEG CICP: Signaling Broadcast Video Formats (Coding Independent Code Points)

ICC Profiles
Will Provide New Capabilities For
Explicit Mapping of Broadcast Video
For Still Graphics Files Using
MPEG CICP




Explicit Mappings

Explicit Mappings
Define A Specific
Mathematical Rendering

Of Broadcast Video
From Images to Desktop Displays




— -
HDR into HDR Display

Correct

Content Clips, and over-saturated

NBCUniversal
‘ ENTERPRISE ENGINEERING 12



i B
SDR into SDR Display
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SDR RED matches HDR “Mid-tone” light levels

NBCUniversal
‘ ENTERPRISE ENGINEERING 14



Red turns Orange “Mid-tone” light levels
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SDR->HLG->SDR (Light-Level Anchor Points)

% Signal Level % Signal Level % Signal Level

DR L
Peak White ized Peak White Peak White
100/203nits 1,000nits 100/203nits
@ 100% Signal Level & 100% Signal Level @ 100% Signal Level

NBCUniversal
‘ ENTERPRISE ENGINEERING

16



HLG->PQ (Light-Level Anchor Points)

HLG Production to Transmission

Shgnal Level Signal Level

Cinema Mastering

PQ
Signal
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NiBCU/Cromorama
i Designed

Compressing HDR Highlights to SDR Require
Good LUT Interpolation or Accurate Mathematical Conversions
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Subjective assessments
of conversions
yielded inconsistent results
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...S0... We rely on
Objective Measurements
Based on ITU-R BT.2124

Which allow us to
preserve the original artistic intent

And Preserve The Presentation of
Our Beautiful Pictures
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ITU-R BT.2124 OBJECTIVE METRICSD_

PLOT COLOR

ITP
BT.2020

PQ CHECK COLOR VOLUME

CONTAINER
PLOT LIGHT

HOW DO WE USE ITP TO COMPARE DIFFERENT VIDEO FORMATS

e PQ, HLG or SDR are converted to a large enough container for all the video formats (ITP-PQ-BT.2020)

e We use the container for plotting all formats together for simplified analysis

¢ Normalized video colors can be compared in a 2D X/Y (or in this case T/P) plot for hue consistency

e We can compare multiple video sources objectively for perceptual color volume differences of color and
light using formulas defined in BT.2124 (AE-ITP)
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A Newer Color Representation: ICtCp and it’s sister ITP

ww.220.0rg IC.C, Color Representation
3x3 Matrix PQ EOTF! 3x3 Matrix

“L”, “M”, “S” each element captures different wavelengths representing specific color ranges

“I” represents brightness(intensity) while “T/P” represent chroma components (tritan/protan)
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https://www.aao.org/eye-health/anatomy/photoreceptors

Vooya Color Volume Measurement Plug-In

This Plot Compares Sources vs Conversion

Source = HLG BT.2020 Reference Pattern(BLUE)
Conversion = HLG to PQ Conversion NBCU LUT7

NBCU commissioned a plug-in for Vooya which
makes it easier to plot video within ITP

User-supplied X/Y pixel positions allows Vooya to
grab YCgCr code values from test patterns and
convert them to “I-T-P” or “u’v’” for measurement

Visualize hue consistency thru plots of T/P for (left)
or export to a spreadsheet for more sophisticated
analysis

By applying a specific formulas we can compare a
source vs the output using specific test patterns.
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Delta-E ITP: Examining Color and Light Differences Easily
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Delta-E ITP: Examining Color and Light Differences Easily
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Vooya text output: What does it look like

Open CSV ITP results (see example below) into any plotting

software including Apple Numbers or MS Excel as a “line graph”.

Pixel Sampled (x,y) ITP Values

min_nits  max_nits

0.000 10000
0.000 10000
00d

10000

10000

10000

10000

PC-BT.2100

Cr PQ-BT.2100
YCbCr PQ-BT.
YCbCr PQ-B
YCbCr PQ-BT.2100
¥CbCr PQ-BT.2100
YCbCr PQ-BT.2100
YCbCr PQ-BT.2100
YCbCr PQ-BT.2
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Line Plotting using Vooya ITP Output

Original PQ Video Amagi Passthrough Sept 24, 2021

0.563016065791 0.144306879115 | -0.287005581177-~] O

720x SQRTv  SUMXMY2~ F3:H3 ¥

J3:L3 v

L

AE-ITP Result Summed ITP of original Summed ITP of converted

Each sampled ITP Value is multiplied by 720 times the Square Root of the sum of
squares of the differences of corresponding values in two arrays

This produces each AE-ITP Value
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