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HDR what is 1t?

There are two parts to High Dynamic Range (HDR) the Monitor (Display) and the Camera
(Acquisition)

In the Monitor it is trying to get the display to have the range of the material presented to it. Not
just making things brighter with no more resolution of what is being shown. But brighter with
more resolution.

In the Camera it is trying to get many more ‘F’ stops, wider dynamic range with the data for
that range.

SDR is Standard Dynamic Range

Sometimes there is a tendency to try and raise the diffuse white point to high and the pictures
look washed out and too bright.
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HDR is not High brightness
= |ts High Dynamic Range

High brightness (high contrast) High Dynamic Range

HDR done incorrectly looks really Bad (Left Pic). Tekfronix
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Terms

= HDR - High Dynamic Range TV (ITU-R BT.2100)

=  WCG - Wide Color Gamut — anything wider than Rec.709, DCI P3, Rec.2020

= SDR - Standard Dynamic Range TV (Rec.601, Rec.709, Rec.2020)

=  PQ - Perceptual Quantizer Transfer Function for HDR signals (SMPTE ST 2084, ITU-R BT.2100)
= Ultra HD Blu-ray — HDR disc format using HEVC, HDR10, and optionally Dolby Vision

= Dolby Vision — 12-bit HDR, BT.2020, PQ, Dolby Vision dynamic metadata

= HDR10 - 10-bit HDR using BT.2020, PQ and static metadata

= HLG - Hybrid Log Gamma Transfer Function for HDR signals (ITU-R BT.2100)

= UHD Alliance Premium Logo — High-end HDR TV requirements Rec.709, P3 or Rec.2020
=  MaxCLL- Maximum Content Light Level

= MaxFALL- Maximum Frame-Average Light Level

= Mastering Display Metadata — SMPTE ST 2086 (min/max luminance, color volume)

=  DMCVT — Dynamic Metadata for Color Volume Transforms, SMPTE ST 2094

= HFR - High Frame Rate (100 & 120 fps)

= HEVC - High-Efficiency Video Codec (ITU-T h.265) -2x more efficient than AVC

Tel/tronix
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Standards

ITU-R BT.709

— AKA Rec709 standardizes the format of high-definition television, having 16:9 (widescreen) aspect ratio

ITU-R BT.2020

— AKA Rec2020 defines various aspects of ultra-high-definition television (UHDTV) with standard dynamic range (SDR) and wide color
gamut (WCG), including picture resolutions, frame rates with progressive scan, bit depths, color primaries

ITU-R BT.2100

— defines various aspects of high dynamic range (HDR) video such as display resolution (HDTV and UHDTV), bit depth, Bit Values
(Files), frame rate, chroma subsampling, color space

ST 2084

— Specifies an EOTF characterizing high-dynamic-range reference displays used primarily for mastering non-broadcast content. This
standard also specifies an Inverse-EOTF derived from the EOTF (the Barton PQ curve)

ST 2086

— Specifies the metadata items to specify the color volume (the color primaries, white point, and luminance range) of the display that was
used in mastering video content. The metadata is specified as a set of values independent of any specific digital representation.

ST 2094

— Specifies the content-dependent Color Volume Transform metadata for a set of Applications, a specialized model of the color volume
transform defined by the core components document SMPTE ST 2094-1.

ARIB STD-B67

— Hybrid Log-Gamma (HLG) is a high dynamic range (HDR) standard that was jointly developed by the BBC and NHK. HLG defines a
nonlinear transfer function in which the lower half of the signal values use a gamma curve and the upper half of the signal values use a

logarithmic curve. o
’ Tektronix
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HDR Technologies

= From what I'm seeing there are four basic different types of signal options
= ST2084 curve No Meta Data UHD Alliance
= ST 2084 with Static Meta Data Ultra HD Blu-ray HDR10

= ST 2084 with Dynamic Metadata for Color Transform DMCVT ST 2094
— Dolby (Parametric Tone Mapping)
— Philips (Parameter-based Color Volume Reconstruction)
— Technicolor (Reference-based Color Volume Remapping)
— Samsung (Scene-based Color Volume Mapping)

= HLG defines a nonlinear transfer function in which the lower half of the signal values use a
gamma curve (SD & HD) and the upper half of the signal values use a logarithmic curve. HLG
IS backwards compatible with SDR.
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Light Levels

In measuring the light output of a TV, Monitor or screen we use the measurement unit Nit.

— One candela per square meter (cd/m?).
— From the Latin (nitere = to shine)

In lighting, the nit is a unit of visible-light intensity, commonly used to specify the brightness of a
cathode ray tube or liquid crystal display computer display. One nit is equivalent to one candela
per square meter (cd/m?). The candela, formerly called candlepower, is approximately the
amount of light emitted by a single common tallow candle.

In Rec709 100% white (700mV) is reference to 100 Nits.
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Light Levels

I Most laptops will achieve 200 -"‘gi wh
some of the brighter laptops :
400 nits. Some desktop

; Teltronix
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No Tone Mapping — UHD Alliance

= Very much like HD Rec 709
= The Monitor has Fixed Levels
= Expects the content to be at the proper levels per scene as we do with 709

= Levels based on Grade 1k, 2K, ect., the monitor must matched the grade manually

gy

Fixed Grade at 1K nits in this case Monitor must be able to do

a 1K grade Tel/fronix
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Static Tone Mapping

= Expects the content to be at the proper levels per scene as we do with 709

= Metadata is sent to the Monitor that shows the Grade of the entire file

= |f the file was a 1K Nit Grade but the Monitor can only do 700 Nits the monitor can adjust /
Scale the input Video to fit its Brightness range.

Fixed Grade at 1K nits in this case

1K Nits
700 Nits

O Nits

O/Nits//

Monitor will Scale the input to its

Nit range

Tel/tronix
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Dynamic Tone Mapping

= Color transforms optimized for each scene, and each Monitor

= ST 2094 Standardizes HDR color transform technologies from several companies
= Color and Image information is carried in Metadata

= Select where and when to apply the Metadata information

Mastering display color primaries:
R:x=(0.708)y=(0.292)
G:x=(0.17)y=(0.797)
B:x=(0.131)y=(0.046)

White point:x=(0.3127)y=(0.329)

Masterin gEteptay= T
Min:Dcd/%

Max: 10008802,

Maximum Content Light Level(MaxCLL):800cd/m2

Maximum Frame-Average Light Level(MaxFALL):400cd/m2

Color primaries:Rec. [TU-R BT.2020

Transfer Characteristics:SMPTE ST 2084

Matrix Coefficients:TU-R BT.2020 non-constant luminance system

Mastering display color primaries:
R:x=(0.708)y=(0.292)
G:x=(0.17)y=(0.797)
B:x=(0.131)y=(0.046)

White point:x=(0.3127)y=(0.329)
Mastering QISPIEY TIMINSACE
Min:0cd/r§2
Max:1000aiins

Maximum Content Light Level(MaxCLL):800cd/m2
Maximum Frame-Average Light Level(MaxFALL):400cd/m2
Coler primaries:Rec. TU-R BT.2020

Transfer Characteristics:SMPTE ST 2084 J—

Matrix Coefficients:TU-R BT.2020 non-constant luminance system

Mastering display coler primaries:
R:x=(0.708)y=(0.292)
G:x=(0.17)y=(0.797)
B:x=(0.131)y=(0.046)

White point:x=(0.3127)y=(0.329)
Masteringgdiapiayslumi

Min:Ocd/mp2

Max:1000pd/m2

Maximum Content Light Level(hfaxCLL):
Maximum Frame-Average Light Level(MaxFALL):400€d/m2

Color primaries:Rec. [TU-R BT.2020

Transfer Characteristics:SMPTE ST 2084

Matrix Coefficients:TU-R BT.2020 non-constant luminance system
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Who's HDR? Dolby Vision or HDR10 (US)
HDR FROM A DISPLAY PERSPECTIVE all use ST2084 except when doing HLG

— Dolby Vision
— Philips, Hisense, Toshiba, Vizio and LG
—HDR10 only
— Sony .
LG now supporting

— Samsung Dolby Vision also
— LG

— Panasonic

— Well with Dolby and the TV giants, someone said "l smell format war."

Tel/tronix
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Electro-Optical Transfer Function (EOTF)

= HDR provides a means by which to describe and protect the content creator’s intentions via
metadata. It contains in essence a language used by the content creator to instruct the
decoder. HDR provides metadata about how content was created to a display device in an
organized fashion such that the display can maximize its own capabilities. As displays evolve,
HDR will allow existing devices to always make a best effort in rendering images rather than
running up against unworkable limitations.

= A formula called the electro-optical transfer function (EOTF) has been introduced to replace
the CRT’'s gamma curve. Some engineers refer to EOTF more simply as perceptual quality, or
PQ. Whatever the name, it offers a far more granular way of presenting the luminance
mapping according to the directions given by the content creator. EOTF is a part of the High
Efficiency Video Coding (HEVC) standard.

. Tel/tronix
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_____
BACKWARDS COMPATIBILITY

= Settling on an approach that doesn’t require the replacement of encoders/decoders is very
Important to some pay TV companies, distributors and device manufacturers. Dolby Vision,
Technicolor, Philips and BBC/NHK are all backwards compatible. In a backwards compatible
approach when an SDR television receives the video signal, the HDR metadata simply is
ignored by the set-top boxes or display.

= However, not all prospective customers of HDR care about backwards compatibility.
Backwards compatibility is less of an issue in some distribution ecosystems, such as over-the-
top (OTT) and Post. A situation could arise, therefore, in which supporting HDR would require
the change out of encoders, decoders and cable set-top boxes. Non backwards-compatible
approaches no doubt will lead to significant expense to various members of the ecosystem
because maintaining two sets of content (SDR and HDR) may become necessary.

. Tel/tronix
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Display Curves (Gamma)

Display Color Space (709, P3; 2020)
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What is Gamma?

= Gamma Q&A

— CRT Defect? Itis caused by the voltage to current grid-drive of the CRT and not
the phosphor. (i.e. a current-driven CRT has a linear response)

— Needed to match Human Visual Response? Not really true if display matches scene!

— Can | adjust gamma? CRT is black-level sensitive power-law. Light power = (V +
black-level)9amma so the room light or Black-level adjustment dramatically changes
gamma.

— Gamma for a CRT fairly constant at about 2.4 to 2.5 but what about flat panel
displays? BT.1886 says all displays should be calibrated to 2.4. Black-levels can
track room lighting with auto-brightness (began in early 70’s). But Changes Gamma.

— Why not get rid of gamma power-law? For some time now, we have. Cameras do not
need to be set for BT.709 gamma. But, for current HD SDR displays, even with
BT.2020 colorimetry, BT.1886 applies. BT.1886 says all displays should be calibrated to
2.4. Black-levels can track room lighting with auto-brightness (began in early 70’s). But

Changes Gamma. TeF/tr OI'IiX


../Common/Break.pptx

Image reproduction using video is perfect if display light pattern
matches scene light pattern.

Need to match light output
But do not look the same!

Linear CRT Perceptually uniform steps
(current driven) -

NTSC & MPEG -7

- I -
Current driven CRT (8 bits) L i D65 daylight
or new flat-panel display I’_,—/_H e i
ff’ |
a”” :
’f” |
-~ 4

1/3 power-law “cube-root”

-~ | ~100 steps (15 bits) ; ;
|
I :
o Linear Camera
1 (natural response)
RGB
If camera response were linear, / \

Lightness perception >15-bits would be needed

only important for S/N and MPEG & NTSC S/N fidelity
considerations. would need to be better than ~90 dB.

Tektronix
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Image reproduction using video is perfect if display light pattern
matches scene light pattern.

Need to match light output.
CRT response u

Look the same with only 7-bits

What about ~100 steps (7-bits) e i D65 daylight
new flat-panel He el ! light source
displays? LIND o i

1JND ¢

1/3 power-law “cube-root”

8-bits V

RGB
Thanks to the CRT gamma, we /\
compress the signal to roughly

Lightness perception :
only important for S/N match human perception and only

' ' 7 bits is en h!
considerations. bits is enoug

Tektronix
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I The eye sees change in low light levels
Human Eye SenSItIVIty much more than in High light levels

So we need to give more bits to the lower
light levels than we do to bright areas to
improve how we see the blacks.
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-
K
=
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=
=
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viere
dynamic
range
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ST.2084 with Perceptual Quantizer for HDR

12-BIT PQ AND REC-1886 COMPARED WITH BARTEN THRESHOLD

26

10

Contrast percent steps
SN

\h/’“b Contouring Perceptible
N % above Barten threshald

Barten threshold

D N
Not perceptible below \\\\\\
Barten threshold TN —— —
\ &
0.01 0.1 1 10 100 1000

Luminance (nits)
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Standard 709 Gamma curve
ITU-R BT.1886 SDR

This Recommendation specifies the
reference electro-optical transfer function
(EOTF) that the displays used in HDTV
program production should follow in order

to facilitate consistent picture presentation.

The reference EOTF is specified as a
simple equation, with exponent function,
based on measured characteristics of the
Cathode Ray Tube (CRT).
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Hybrid Log-Gamma (HLG)

= The ITU-R announced its UHD standard, BT- SDR Gamma Curve—  Hybrid Log-Gamma—
2020 in October 2015. UHDTV Recommendation /
BT.2020 o /P

= The HDR-TV Recommendation details two 08

options for producing High Dynamic Range TV.

— The Perceptual Quantization (PQ) ST2084
standard. o8

— Hybrid Log-Gamma (HLG) specification supported
by the BBC and Japan’s NHK. This offers a
degree of compatibility with legacy displays by A7
more closely matching the previously established /
television transfer curves.

= Chart showing a conventional SDR gamma curve e;.:
and Hybrid Log-Gamma (HLG). HLG uses a |
logarithmic curve for the upper half of the signal ot ,
values which allows for a larger dynamic range. _ L_in. 100

Tel/tronix
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_____
SMPTE 2084

= AKA Perceptual Quantizer (PQ), published by

SMPTE ST 2084, is a transfer function that allows

for the display of HDR video with a luminance
level of up to 10,000 Nits (cd/m2) and can be
used with the Rec. 2020 color space. Rec-2020
gives more bits to the darker areas. And allows
for much brighter specular highlights that do not
need as many bits to represent them due to the
fact of how the human vision system works.

= Humans see minor changes in the darker areas
of a picture much more than we do in brighter

areas of a picture.

0.8

0.6

SDR

(=T e T

100

<

HGL e, PQ ———-

400 600 $00 1000 1200
L_lin.-100
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Color Space DCI, 709, 2020

= 4K can use Rec 709, DCI P3, or
Rec 2020.

= In SDR Translating from one color
space to the next will automatically
expand the colors due to the fact that
SMPTE 100% levels of 3ACh is 100%
of Rec-709, Rec-2020, and DCI-P3.

= |t’s the receiver that determines what
the code value means.

. __ktronix
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Code Values for Rec-709, DCI-P3, Rec-2020 colors

= The code Values for
the R, G, B primaries
are the same for Rec-
709, Rec-2020, DCI-

3ACh or 3FBh
3ACh or 3FBh

P3.
0.6 0.6
= So a translation | 05
between them will  ~ !

expand the colors due
to the fact that they *oo
use the same code **
values. (SDR Space) ** .

460

470 0 460 -
v 40 - '
080 01 02 03 04 05 o0s 07 0% a1 o2 a7 0h GE BE & 80 01 02 03 04 05 06 07 08
¥ -

* R,G,B primaries out of x
a Generator or any Rec-709 DCI-P3 Rec-2020
other output is exactly
the same for all 3
Color spaces.

Telitronix
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CIE Rec 2020 chart with a Rec 709 signal applied

BT.2020

.BT.2020

Some distributors have asked
for Rec 2020 color but at P3
levels. You cant just change to
P3 color space to do this. It
points to the wrong place on
the CIE Chart.

You can see that just changing
the receivers interpretation just
moves the signal to that point.
On the SDI signal 100% green
Is 100% green for all colors
spaces. As noted in the
previous slide.

Receiver set to 2020
Same 709 signal applied.

Tel/tronix
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Video Levels

In ITU-R BT.2100 Full is defined as 0d to 1023d for 10 bit, this works just fine for files but
SDI has excluded code words for EAV and SAV timing reference signal or TRS. So this gets
changed to 4d to 1019d, how the change happens is up to the device outputting the SDI,
weather the data gets clipped off or converted to fit this range. That’s why on the scope
you see 4d as 0 Nits and 1019d as 10,000 Nits in Full.

= Luma & RGB 64d —940d for 10-bit

= Chroma Cb/Cr 64d — 960d for 10-bit

= Luma & RGB 256d — 3760d for 12-bit
= Chroma Cb/Cr 256d — 3840d for 12-bit

You can set a Luma Gamut alarm for content that goes above a given
Nit value to catch specular highlights that go above your target.

e 1000 Nits 80%
e 2000 Nits 89%
e 4000 Nits 97%

Tel/tronix
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What is Narrow or Full?

Excluded 766.3 mv 1023 3FF 1 1111 111 1111 1111 111 FEF 4095 Excluded
763.9 mv 1020 3FC 1 1111 1100 — Jreservedvales [ 1111 1111 1100 FFC 4093 Excluded

Highest Quantized Level 763.13mv 1019 3FB M11M1 1011 = == == = = = = = = = 111 1111 1011 FFB 4092 Highest Quantized Level

Positive +350 mv 960 3C0 11 1100 0000 = == == ==
NARROW

= 1111 0000 0000 FOO 3840 Positive

Voltage Decimal Hex 10-bit Binary 12-bit Binary Hex Decimal
Black Level 0 mv 512 200 10 0000 0000 = = 1000 0000 0000 800 2048 Black Level
Negative -350 mv 64 040 00 0100 0000 = == = 0001 0000 0000 100 256 Negative
Lowest Quantized Level -47.9mv 4 004 00 0000 0100 = == == == == == = 0000 0001 0000 010 16 Lowest Quantized Level
Excluded -48.7mv 3 003 00 0000 0011 m—— reserved values 0000 0000 1100 00C 12 Excluded
Excluded -51.1mv 0 000 00 0000 0000 u : 0000 0000 0000 000 0 Excluded

i Tektronix
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Normal White levels or diffuse white point

= With HDR PQ, there is no agreed upon diffuse white point level. Many are using 100-200 nits as
the diffuse white point level, the old 90% reflectance point (100 IRE). Camera operator or
colorist/editor must also know what reference monitor will used for grading the content. For
example, if a 1000 nit monitor is used for grading, with a diffused white point of 100 nits, white is
set at 51% for SMPTE ST 2084 (1K). If a 2000 nit monitor is used, diffuse white is set at 68 %.

= We have the same issue with the different camera formats also. For example a diffused white

point of 100 nits is set at 61% for S Log 3, 58% for LogC, and at 63% for C-Log. (More on the
next few Slides)

Tel/tronix


../Common/Break.pptx

U
10K PQ with a 1000Nit limit, set to Full range

= If you use the full 10K curve
and set your grading to 1000

) ] 1019, Max 10 bit 10,000 Nits
Nits you will have about the 10000 nit point
top 25% of the waveform
screen not being used. This 769 1000 nit 1000 Nits
IS normal and correct for this Point
setting. We have 100 Nite
Implemented both SMPTE 520, 100 Nit
SDI levels and Full SDI Foint
levels. Below is set to 10K
PQ Full range with the Video
at 1K grade. The left side of — _
the screen shows the Digital =~ % %o Nits | NES 106 b Ft —
Values, and the right side of B I s p——
the screen shows the Nit T

Values.

Tel/tronix
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HDR 1 k Grade SMPTE Levels

The normal reflective Whites are
around 100Nits

The Peek is going to 1000Nits but
no higher

HDR has the blacks stretch and
the Whites are compressed

Tel/tronix
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HDR Reflectance View

= 1000 Nits shows up at 900%
Reflectance

= The normal reflective Whites are
around 100Nits, which is at 90%
Reflectance (709 100 IRE)

= We show the 18% Grey point
= We show the 2% Black point

R“E.FLEC"I"AJ\ICEE 5T2084_10K

Tel/tronix
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S’[O p V| ew (relative)

1000 Nits shows up at +5.6 Stops
above Zero stops at 18% Grey

The normal reflective Whites are
around 100Nits, which is at +2.3
Stops (709 100 IRE)

We show 0 as the 18% Grey point

And the 2% Black point at -3.1
Stops

Tel/tronix
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HDR 2K Grade SMPTE Levels.

Normal Whites are just around
100Nits Maybe just a little
higher.

The Max white is at 2000Nits

HDR has the blacks stretch and
the Whites are compressed

10000

SO00

P |
2000

Tel/tronix
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_____ U
HDR 1K grade full levels

= Black (0) is at 4h

= Normal reflective White is around
100NIits

= Highlights are going up to 1000Nits

NITS! 10K PQ Full

225 ps/Div

ID: WFMB8300

Tekt . Embd: FPFP PPPP PPPP PPPP
e l'ﬂn/lx TC: Disabled

Tel/tronix
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709 Video on the HDR Graticule

= Notice that the whites are
going to 100% V1: 10003 Nits

= The black are all down at the
bottom of the waveform.

= The whites are stretched to
100%

Tel/tronix
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.
HDR Zoom Mode

Tel/tronix


../Common/Break.pptx

Specular Highlights Bright Ups

Tektronix
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In SDI we have the Video Payload ID VPID

= The video payload ID tells you a lot about

the signal you are receiving

= |tis sent as 4 User Data Words (UDW)
= UDW1 - UDW4 you need the magic

decoder Ring to decode it correctly

a%h CAR/OOR Olh

obh|CAhOUKh|4lh

obh|CAh OUKhISlh

SY9h|CAhOOKhIClh

goto www.tek.com/4k to get the PDF with the Decoder Ring. UDW3/ lUDW4
B9 58 B B6 0 B4 B 3 B B0
LDW 1 YK not b8 EP Version 1D Payload Identifier e rienz
Lupw 2 AN not b8 EP Transport Picture Reserved 0 | Reserved 0 Picture Rate
nterfaca (0 Interiace () (Sea Table 0)
Progressve (1) Progressive (1)
uDw 3 X not b8 EP Reserved 0' | Reserved 0 | Reserved 0° | Reserved 0° Sampling
Aapact Retin Horiz. Sampling Fepect Ratia (5aa Table D)
43, 16:8 1) 1820 0, 2046 (1) 4:3(0), 18:0 (1)
LDW 4 KX not b8 EP Channel BY - B& Channel BY - BS Reserved 0 Reserved 0 Reserved 0 Bit Depth
Single-ink oo Singla-link or Audio — 35-501 8-bit (0n),
chl of mulfi-channal {0y, chi of mulfi-channel {0). Lirk 2,07 2 {0 4, 10-bit (1),
chi2 of multi-charmel (1), ch2 of mulf-channel {15). [0) caies 12-hit (24},
chd of multi-channal (Zy), ch3 of mulf-channed {2y, addtional channels Resarvad (3,
chd of multi-charnal (3, ch4 of mulf-channed {3, or audio not prasant
chs Resarved |0 ch of mulf-channed (4. {1) camies a copy of
chE of mulf-channed {5, 3G-300 Link: 1audio
Channel B6 o7 of mulf-channel (By),
Dl fink A {OR), B{1R) e of mulfi-channel {7
Checksum KX not b8 EP sum of BO-B8 of DID to Payload Byte 4

K ftronix
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Poster
4K Ready. Set. Go! 4K/UHD Acquisition to Delivery

Colorimetry Image Format / SMPTE Standards

The talevision color specification is based on standaras defined by the CIE (Commission
nternationale de L'Eciarage) In 1931. The CIE spacified an idealzed sat of primary XYZ
tristimulus values. This set Is a group of all-pasiiive values convarted from R'G'B’ whars

Y Is proportional to the fluminance of the acdiiive mix. This spacification Is usad as the basls
for color within 4K/UHDTV1 that supports both MU-R BT.709 and BT2020.

R Square DMsion saparates the Image Into quad Iinks for distribution. Table 81: SMPTE Standards

UHDTV 1: 38402160 [4x 1920 1080)

Table A1: Buminent (i) Vake
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Transport / Timing Video Payload Identifier Table 02: SMPTE 362

Video Payioad identifier LOW 1 Table D3. Picture Rate
AK/UHDTV1 Quad Link requires that the Imaga be sagmented Into two of four Inks dependaing on ihe rame rate of the video. The SMPTE ST 352 Video Payload icentifiar (VPID) Is camied within the Anclllary
In Quad Link there are two processes for segmenting the picture using elther square dMision or two-sampie Inferieave. data space to assist a devica In quickly cacoding the Video signal.
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Different VPID’s The Waveform Monitor provides the Magic Decoder

Video Session

Page 1 of 2

Video Session Page 1 of 2

SOI Input 1A Sional: Colorimetrv: BT709
Auto 3840X2160p 59.94 — YChCr 422 10b — 4255A 4x2.970,/M Gbps 5q
Auto Format — Anto Structure — Anto Transport

Input:
Effective:
Selected:
Links 352M Pavload Y Siuck Bits

C Stuck Bits AP CRC

8%9h CAh 00h Olh = — B3AZh CEC8h

89h CAh 00h 41h 738Fh FDEFh

L-1- —— L — L— —

8%h CAh 00Oh 81h H L L L 43D0h EO3Eh

89h CAh 00Oh Clh -1 | 738Fh FDEFh

Ancillary Data: Y and C Present CRC Changed since resel: Yes
5AV Place Exr:

Field Length Exz:

Line Length Exr:
Line Number Exrox:

Press SEL — resel. L/R arrow key stop/start. Up /Down change page

A3R40OX2160p 5094
501 In Quad-3Ga

Kef: Inlernal

I0; WFMES00_TEK0]
Tektronix TC:
1 :

Diisabled

This one is different VPID for each Link
And is UHD 59.94p Y Cb Cr
Quad 3G level A

Ermbi: FFPF PFPF PPFF PFFF PPFF PPPT PPPT FFPT

3340X2160p 29.97
SDI In Quad-HD
Ref: Internal

Input:
Effective:
Selected:

SDI Inoput 1A Sional: Colorimetry:

Aunto 3840X2160p 29.97 — HD SDI 422 — 4x1.485/M Gbps Sq
Auto Format — Auto Structunre — Anto Transport

Links 352M Pavload Y Stuck Bits C Stuck Bits AP CRC

A 85h C6h 00h 01h 6374h ECOZh

85h C6h 00h 01h §DD8h 584Bh

85h C6h 00h 01h D5ADh EICEh

85h C6h 00h 0lh 9068h BSAAD

Ancillary Data: Y and C Present CRC Changed since reset: Yes
SAV Place Err:

Field Length Err:

Line Length Err:
Line Number Error:

Feb 07 13:21:04 ID: WFMB300_NAB2011

Tekt . Embd: PPPF PPPP PPPP PPPP
e l'on/lx TC: Disabled

This one is the same VPID for each Link
And is UHD 29.97p Y Cb Cr

Quad HD Teltronix
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.
SDI Metadata

At this point in time there is no Metadata other than VPID that is being carried in the SDI feed.

So that means that the SDI transport is linear in respect to the content being Rec709, Rec
2020, or DCI P3 Color and if it is for UHD Alliance, Static Meta Data, Dynamic Metadata they
will all look the same, all use the ST 2084 curve.

You need to know;
— Isita ST2084 PQ curve or HLG
— What is the diffuse white point
— What is the Grade point 1K Nits, 2K Nits, 540 Nits or?
— Is it Full levels or Narrow levels (SMPTE Levels)

The Metadata for HDMI and the Monitor will be added when the Content is Encoded. Either
manually typed in or read from a Metadata sidecar file.

Tel/tronix
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Encoding and Transmission HDR
SDR SENT AS BASE LAYER METADATA SENT FOR HDR

HDR HDR

SDI or ST2084 ST2084

File Input rlDR Ouipu

Metadata Metadata
added Processed

Vi&eo Video Extract
Stream Stream Data

Encoding Dencoding

Telitronix
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Encoding and Transmission HDR
HDR SENT AS BASE LAYER METADATA SENT FOR SDR

HDR

SDI or ST12084 SDR Output
File Input :
HDR

Metadata Metadata ST2084
added Processed

Vi&eo Video Extract
Stream Stream Data

Encoding Dencoding

Telitronix
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HEVC HDR Metadata
METADATA IS CARRIED IN THE SEl MESSAGE

Video standard Rgl=rie
Kain 10 Profile/ Main Tier/ Level 5

pIHERLE UUID-427 focObba92482 19561 c252e3a1 fdf3

Mastering display color primaries.

Rx=(0.708)y=(0.292)

Gx=(0.17yy=(0.797)

B:x=(0.131)y=(0.045)

White point:x=(0.3127)y=(0.329)

Mastering display luminance:

Min:0cd/im2,

Max:1000cd/m2

Maximum Content Light LevellMaxCLL):&00cd/m2
Maximum Frame-Average Light LevellMaxFALL):400cd/m2
Color primaries:Rec. MU-R BT.2020

Transfer Characteristice:SMPTE ST 2084

KMatrix Coefficientz:TU-R BT.2020 non-constant luminance system

Telitronix
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Camera Log (Log Scale on Wav
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.
Log

= What is Log gamma? It's an option on most modern digital cinema cameras that allows you to
shoot as flat an image (color and luminescence wise) as possible.

= |Look at these charts below that show the difference between two cameras’ default color

options and their log options: @

g

n§lOg
—=—R709

b Cods
Video level
8

B
E

0%
0%  100% 200% 300% 400% 500% &00% 700% &00% +900% 1000%

S-Log

i Tektronix
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U
Log (cont)

* In these charts the further to the right the line is the longer it takes to reach the top, the more
Information is being recorded. This extra information gives you much more latitude in post-
production to manipulate the colors, shadows, and highlights.

= Sometimes shooting log gamma is also referred to as “shooting flat” Shooting a flat image
gives you more details in both highlights and dark areas. While a flat image may not look
pleasing while on set, it provides more freedom for color grading in post-production. It allows
you to show what’s outside the window as well as what'’s inside the room.

]
a
OUTPUT

Normal 1
Canon Log

400% 500% 400% 700% 800% S00% 1000%

T T T T o% 0% 200% 300"
04 o 08 10
‘‘‘‘‘‘‘‘‘‘‘‘ INPUT

. Tel/tronix
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Log Log Waveform (S Log 2)

_____________________________________________________________________ Voltl: sna"'
©volt2:7£.0 9

1002

Yideo Session Page 1 of 2

Input: SDI Input 1A Slgnal

Colorimetry: BT709
Effective: Auto 4096X2160p 23.98 — HD SDI 422 — 4x1.485/M Gbps 8q
Selected: Awuto Format — Auto Structure — Auto Transport

Linke 352M Pawload Y Stuck Bite C Stuck Eits AP CRC

A 8h C2h 40 01k —-— - — —— ——— — 8§350h FGCEh

i 35h C2h 40h 41h ——r ——— — ABCZh E35Eh
C 35h CZh 40h §1h @ ——u — — 3431h ADSEh

D 35h C2h 40h Clh D234h 0913h

Ancillary Data: Y and C Present CRC Changed since reset: Yes

S5AY Place Err:
Field Length Err:

Line Length Er::
Line Number Error:

Press SEL — reset. L/R arrow key stop/start. Up/Down change page

80

0
r

elta: 2 'U'%'— 100%

o

Tektmn/ix

ID: WFMB300_TEKO001
Embd: FFPF PFPP PPFF PPPF PPPF PFFF PPPF FPPP

TiC:

Disabled

4.5 ps/Div

Specular highlight
IS going to the top

Normal White is at
59%

18% black is at
32%

We have placed
cursers at 59%
and 32%

Highlight is from
the silver ball

Tel/tronix
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Capturing a Camera Log image

SLogl
SLog?2
SlLog3
LogC
C-Log
ACES

(proxy)
BT.709

60

0% Black
10-bit Code-

Value

90

90

95
134
128

ND

64

3.5
3.5
7.3

ND

18% Grey
(20 nits
Illumination)
10-bit Code-
Value

394
347
420
400
351

426

423

37.7
32.3
40.6
38.4
32.8

41.3

41.0

90%
Reflectance

%

10-bit Code-

Value

636 65
582 59
598 61
569 58
614 63
524 55
940 100

Tel/tronix
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S Log 2 Waveform to Nits

Voltl: 59.0 %

- Ditar 270 %

540 or 1000 Nits
Max Highlights
Monitor dependent

100 Nits
Normal White

20 Nits
18% Grey

4096X2160p 23.98 ID: WFMB8300_TEKO001

SDI In Quad-HD Tek . Embd: PPFP PPPF PPFP FPPF FPFP FPPP FPPF PPPP
Ref: Internal e tl'ﬂn/lx TC: Disabled

Teltronix
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U
Capturing Camera Log Footage (Spider cube)

= Setup your test chart within the Spec_ular 18% Grey

scene Highlights

2

= Adjust the lighting to evenly

illuminate the chart
= Adjust the camera controls to set

the levels

— ISO/Gain, Iris, Shutter, White
Balance
90% Reflectance Super Black
White Black

Tektronix
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.
Spider Cube S Log 2 as shot from the Camerain Log

Showing Graticules in Digital Values and Stops

Digital
Values on
the Left
side

Stop
values on
the right
side.

2.25 pus/Div

3840X2160p 59.94 Apr 22 01:28:33 1D: WFMS300_212607

SDI In Quad-3Ga o Tek g Embd: PPPF PPPP PPFF PPPF PPFP PPPF PPFP PPPP o
Ref: Internal e tl‘ﬂn/]x TC: Disabled e A ron Ix
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Spider Cube S Log 2 as shot from the Camerain Log

Showing S Log 2 in normal 709 type screens

2.25 us/Div

3840X2160p 59.94 Apr 22 01:28:33 ID: WFMS300_212607
SDI In Quad-3Ga Embd: PPPP PPPP PPPP PPPP PPPP PPPP PPPP PPPP

[ =
Ref: Internal TEktl‘ﬂn/]X TC: Disabled

Tel/tronix
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Camera (scene) referenced 709 to PO LUT conversion

Camera-Side Conversion

BT.709 to PQ
106
0% ‘ 2% ‘ IR 90% | 100% 0d o 41

709

SDR BT.709,100,1000
100nits 0 9 41 95 100
HDR SDR BT.709,100,2000
1000nits 0 37 58 75 76 SDR BT.709,100,5000
HDR
2000nits 0 31 51 68 68
HDR
5000nits 0 24 42 58 59

o 20 40 60 80 100

: BT.709 % IRE
SDR and HDR displays DO NOT match.

Blacks are stretched in the BT1886 Display but not the PQ Display (matches scene)

. Tel/tronix
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S Log 2to Rec. 709

225 ps,/Div

3840X2160p 59.94 Apr 22 02:51:32 I: WFMS300_ 212607
SDI In Quad-3Ga Tek - Embd: PPPP PPPP PPPP PPPP PPPP PPPP PPFPP PPPP
Ref: Internal e tron/lx TC: Disabled

Tel/tronix
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U
HDR With twin pickups

= One method was duplicating what is done in photography is using two cameras with a beam
splitter, but unlike 3D where you have an offset the image was the same in both cameras. But
they were set up differently. One was underexposed while the other was overexposed and
both were pointed at the same subject matter. Now that would generally cause a visual offset,
hence the beam splitter which allowed both lenses to see the exact same image.

Tel/tronix
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The adapted human eye can see about 7 stops but,
with local adaption, can see 10-14 stops of dynamic
range in a single, large area image. With longer term

Contrast Ratios

The human eye can adapt adaption the human eye can see about 24 stops!
to different Iighting There_fore, higher dynam_lc range re_sults inan
. : . experience closer to reality. Also, higher dynamic range
conditions qmckly S“dmg increases the subjective sharpness of images and
up and down the scale perceived color saturation.
Bright Clouds
Blue Sk
SDR video with a 2.4 gamma curve and a =
bit depth of 8-bits per sample has a Outdoors |
dynamic range of about 6 stops. Shadows i end
. . . ) ig
T(;Olz?tSSIOI:m SnE)IT VI‘I]deSOaV\(/::thanr?iI:; errl?theooff Indoors Early/Late Human | Average | Average | Camerain
aboutsll(g)estszs.pvihe?] HDREI is display(gd on '”_doors 'OW@L Be  |Pheme [PStR | Fegmore
a 2,000 Nit display with a bit depth of 10- Outdoors night some_light |
bits per sample it has a dynamic range of Moon Light
about 200,000:1 or over 17 stops Dark

Tel/tronix
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Total Visual Dynamic Range
HDR MAPPING INTO CAMERA F-STOPS (0 = 18% REFLECTANCE)

1078 =—1— (5000 nits)8 —
/
/
/
- /\ P I 6_
Sunlight 1076 /
/
Sun light ’
outdoor ovont | o | g 4—
10M —— = | = /
(72}
% s % | (100nits)2.5 e
=2 N S
ohiin S A R I 0 N P 5
I N lighting N =l > _ ~
J J (18%) 20 —— 3 T 0] o D) (20nits) 0=1= |07 'c%
1070 3 S| |g o = S =
. 1 < 8 A ? -8 O 2 @ ‘EI
|\/|00n|lg ht moonlight 8 > O % -1 ®
o (0] (@]
1002 —f— s lsl |= >
O Y
< N -4
starlight \\
Starlight 10n-4 —1— N g
\\\
1076 —— (.08 nit;\) g —l
1 N
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« SMPTE ST-2084:2014 “High Dynamic Range Electro-Optical Transfer Function of Mastering
Reference Displays”

 ITU-R BT.709 (2002) “Parameter values for the HDTV standards for production and
international program exchange”

« ITU-R BT.1886 (03/2011) “Reference electro-optical transfer function for flat panel displays
used in HDTV studio production”

« Dolby Vision White Paper www.dolby.com/.../dolby-vision-white-paper.pdf

* Philips HDR technology — white paper
www.ip.philips.com/data/.../philips hdr white paper.pdf

« S-2013-001 “ACESproxy, an Integer Log Encoding of ACES Image Data”, Academy Color
Encoding System (ACES), ver. 1.1 8-2-2013

* Vimeo “Trick Shot”, hitps://vimeo.com/124750526 and “Trick Shot: Behind the Scenes”,
https://vimeo.com/124750682
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e SMPTE Study Group Report High Dynamic Range HDR Imaging; https://www.smpte.ora/news-
events/news-releases/smpte-publishes-study-qgroup-report-high-dynamic-range-hdr-imaging

e Hybrid Log Gamma BBC white paper: hiip://downloads.bbc.co.uk/rd/pubs/whp/whp-pdf-
files/\WHP283.pdf

« Various examples of 4K where HDR makes it better; hitp://4k.com/video/

- Stop Weighted Waveform; US Patent Application 20150348281, published Dec. 3, 2015, Baker,
Daniel G., Tektronix, Inc.
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