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1. Overview

The greenMachine HDR EVIE+ Constellation is a segmented frame-by-frame broadcast-
quality HDR-to-SDR converter, with frame sync and metadata processing providing one 12G
processing channel supporting formats up to 4K/UHD in 4K/UHD mode or four processing
channels up to 3G in 3G Quad mode. EVIE+ stands for Enhanced Video Image Engine (Plus)
and is based on a real-time sectional dynamic tone mapping algorithm, which analyzes
different sections of an HDR image and applies optimal contrast and color corrections frame-
by-frame to produce vibrant and realistic images for the viewer. The HDR EVIE+ Constellation
is part of a suite of constellations that can be deployed on the greenMachine titan 4-channel
hardware platform.

With High Dynamic Range (HDR), there are entirely new possibilities for broadcast and AV
productions to provide an increased dynamic range for the viewer, including brighter
highlights and more details in dark areas resulting in more brilliant and realistic images. This
is because modern image sensors offer significantly wider dynamic color ranges. But classic
Standard Dynamic Range (SDR) TV devices are only able to reproduce the older dynamic
range of SDTV and HDTV standards but not the extended dynamic range of HDR. One of
the significant challenges when introducing HDR with its tremendous image enhancements
is to maintain good backward compatibility with existing SDR displays and receivers.

The greenMachine HDR EVIE+ Constellation is a powerful tool for handling dynamic ranges
and color gamuts, offering viewers more vibrant images than previously seen, even without
an up-to-date HDR display. It provides conversion functionality, simultaneously combining it
with a real-time sectional dynamic tone mapping, which can transfer the maximum amount
of image information to the new target format. Depending on the image content, the best
compromise is chosen between obtaining as much information as possible and a steep
gradation.

This application allows the user to carry out down-conversions between common HDR
transfer characteristics (including PQ, HLG, SLog3, and other proprietary camera capture
curves of common camera manufacturers) and the Gamma BT.709 characteristic using the
appropriate dynamic tone mapping. The HDR EVIE+ Constellation is also capable of
performing conversions between color spaces, including Rec. 709, Rec. 2020, DCI-P3,
ACES, and the respective proprietary color spaces as well as conversions between full and
narrow range signals. This allows HDR content to be displayed on non-HDR-capable TV-
monitors by using contrast compression, producing a high level of HDR-enhanced image
quality for any type of SDR display device.

This greenMachine HDR EVIE+ Constellation also includes audio & video test patterns, video
adjustments, embedding and de-embedding, audio processing and shuffling, color
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matching, timing adjustment, metadata processing, and the Nova controller which enables
the greenMachine to be remotely controlled and monitored via third party master control
software. CustomControl is also included providing simplified customized screen panels
offering direct access to user-selected parameters.

This document describes the HDR processing part of the HDR-EVIE+ Constellation.

2. Operation Modes
The HDR processor provides two selectable modes: “bypass HDR/SDR” and “EVIE+.”

Mode

Operation Mode EVIE+
bypass HDR/SDR

Preset

Selecting an Operation Mode

2.1. Operation Mode “bypass HDR/SDR”

The “bypass HDR/SDR” mode bypasses the HDR conversion functionality of “Transfer
Characteristics,” “Colorimetry” (color spaces), and “Ranges” (between narrow and full range)
in connection with HDR transfer characteristics, i.e., no HDR-to-SDR down-conversion will
be performed. The incoming transfer characteristic of the signal is transparently passed
through the system. Conversions of “Colorimetry” and “Ranges” in connection with HDR
characteristics will not be performed either. In this mode, only “Colorimetry” and “Range”
conversions of SDR (Gamma BT.709) signhals are performed correctly, because the
conversion functionality for “Colorimetry” and “Range” conversions of SDR signals is also
available independently of the HDR EVIE+ Constellation in the greenMachine and thus
remains untouched upon activation of “bypass HDR/SDR.” Therefore, these types of
conversions continue to be performed, so attention should be paid to the selected
input/output “Colorimetry” and “Range” as these conversions are only performed correctly in
connection with SDR (Gamma BT.709) signals. When it comes to performing these
conversions in connection with HDR signals, the Operation Mode “EVIE+” must be selected.
Besides the ability of bypassing input signals, the Operation Mode “bypass HDR/SDR” can
also be used to check on input signals and to illustrate the effect of converting or mapping
the present transfer characteristic of the input signal.
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2.2. Operation Mode “EVIE+”

The Operation Mode “EVIE+” activates the actual operation mode of the HDR EVIE+
Constellation, in which SDR and HDR signals can be processed, and conversions in
connection with these HDR signals can be performed. The actual operations of this Operation
Mode are described in more detail in the following chapters.

2.2.1.HDR Conversions

The Operation Mode “EVIE+” allows the user to perform HDR-to-SDR down-conversions
between different HDR transfer characteristics and the SDR gamma (BT.709) characteristic.
(e.g. from “PQ-ST2084” to “SDR” [Gamma BT.709] as shown in the figure below). The
transfer characteristics available for such conversions are described in more detail in their
respective chapters. The available conversions can be performed in different ways by using
different Mapping Types, which are described in the following chapter.

Workflow

Mode
Operation Mode EVIE+

Preset PQ-5T2084 2020 to SDR 709

Input
Input Transfer ristic PQ-5T2084
Input Colo Rec 2020

InputRange Full

Mapping Status

Mapping Type Tone Mapping Scene Light Tone Mapping Scene Light

Output
Qutput Transfer Characteristic SDR SDR
Output Colorirr Rec 709 Rec709

Qutput Range Narrow Narrow

Available Conversions

Note: In the HDR EVIE+ Constellation, it is also possible to perform conversions of Colorimetry (color
spaces) and signal ranges (between narrow and fulll. However, the conversion functionality for
Colorimetry and Range conversions of SDR signals is also available in the greenMachine independently
of the HDR EVIE+ Constellation (see. 2.1. "Operation Mode “bypass HDR/SDR””).

Note: In the HDR EVIE+ Constellation, an HDR cross-conversion between an HDR transfer
characteristic and another HDR characteristic as well as SDR-to-HDR up-conversions are not yet
available.
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2.2.2 .Mapping

Especially when it comes to down-conversions, a mapping of the luminance values is
required to convert an image from HDR into SDR format “correctly,” and thus preserving the
relative luminance of a scene according to human visual perception. There are several
methods existing to perform such a conversion. The HDR EVIE+ Constellation provides a
method called “sectional dynamic Tone Mapping.” Furthermore, the HDR EVIE+
Constellation allows to combine this type of tone mapping with a global dynamic Tone
Mapping of the HDR EVIE Constellation and a static tone mapping similar to the operation of
the HDR STATIC Constellation (see “Processing Parameters” — Homogenization and
Dynamic Ratio). In the following, the available Mapping Types available in the HDR EVIE+
Constellation are introduced in more detail.

Tone Mapping

Since a simple conversion without adjustment of the luminance is usually not sufficient, the
Operation Mode “EVIE+” provides a sectional (and/or global) dynamic Tone Mapping that
automatically analyses an incoming HDR signal and adjusts it to the new SDR target format
in real-time. This tone mapping operation is called ‘sectional dynamic’ because it is applied
to several spatial areas (sectors) in the image. Depending on the image content within these
sectors, the algorithm reacts dynamically, which allows lights and shadows to be treated
independently. Therefore, dark areas can be brightened, and bright areas can be darkened
without getting a flat gradation of the image. This leads to a homogenization of the image
impression as well as an increased local contrast. As a result, lights can be preserved from
burning out, and shadow details can be revealed. The viewer can thus follow the events
across all areas of the image.

The homogenization of the image impression is particularly suitable for scenes with a very
high dynamic range or scenes which are illuminated heterogeneously. The proportion of this
homogenization, i.e., the sectional dynamic component of the algorithm, can be adjusted by
using the “Homogenization” parameter (see 2.2.3. “Processing Parameters”
Homogenization). If no such strong homogenization is required, the global dynamic
component of the algorithm can be applied to a greater extend by reducing the value of the
Homogenization parameter. This global dynamic operation is well suited for indoor scenes
(e.g. studio productions) when the contrast range of the scene is lower and more predictable,
but also in case of outdoor scenes with low to medium contrast ratios.

The global dynamic Tone Mapping, which corresponds to the operation from the HDR EVIE
Constellation, analyses and adjusts the signal over the entire image, basically using one large
global “sector” instead of many small image sectors. This type of mapping is well suited for
adaptively selecting a steeper gradation for incoming image material with a low contrast
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range, thus enabling a subjectively higher impression of contrast. In addition, the global
dynamic operation is very well suited for automatic exposure of HDR images for an SDR
broadcast to counteract changing lighting conditions without working too much with the
aperture. Since the dynamic adjustment depends on the incoming signal, over- or
underexposures can be compensated (if the input signal is not already clipped).

Technically, the Tone Mapping operation of the HDR EVIE+ Constellation adjusts the signal
by using several dynamic curves, one per image sector, combined with a global dynamic
curve based on the entire image. While the dynamic curves of the different sectors are
perfectly adapted to the respective image content of their sectors, the global curve is
perfectly adapted to the content of the entire image. All curves applied in this Operation Mode
are based on correction values determined during image analyses. This process, which is
performed and applied to each incoming frame, takes place in real-time.

By using this sectional and/or global dynamic Tone Mapping operation, the relative luminance
of a scene captured by an HDR camera can be perfectly preserved according to human
visual perception. Without such a Tone Mapping operation, an HDR-to-SDR down-
conversion would lead to severe clipping of the (high-)lights, i.e. the resulting picture would
be burnt out severely. Therefore, the brightness and color information outside the target
format is changed in a way that it perfectly fits into the new target format. The brightness
component is adjusted during down-conversion preserving (high-)lights and preventing them
from being clipped. The color impression is treated accordingly, which means that the
chrominance matches the adjusted luminance, and unwanted changes in hue and/or
saturation are prevented.

Although a dynamic tone mapping operation, compared to a static one, can save much more
image information into the new target format allowing an even greater benefit to be derived
from material captured in HDR, there is also a static tone mapping component provided in
the HDR processor. In contrast to the dynamic operation, the static tone mapping algorithm™
applies the same static curve to each frame. Therefore, the static curve always behaves the
same way making the result continuous and best predictable.

*Note: The static Tone Mapping algorithm, which is part of the HDR STATIC Constellation, applies a
Static curve similar to a knee function, which is sometimes used within conventional video cameras in
order to exploit their full dynamic range thus extending the dynamic range of the signal.

To take advantage of both worlds, the HDR EVIE+ Constellation allows the sectional and/or
global dynamic Tone Mapping operation to be combined with a static Tone Mapping similar
to the operation of the HDR STATIC Constellation (see chapter 2.2.3. “Processing
Parameters” — Dynamic Ratio).
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The ITU Report BT.2408 points out that a dynamic HDR-to-SDR conversion may be required
to provide a satisfactory SDR output, as the exposure latitude of HDR images is far greater
than SDR. Therefore, such a down-conversion for downstream mixing HDR cameras with
SDR cameras or converting the complete HDR program output can be preferred to allow the
SDR signal to benefit the most from an HDR production workflow. But attention should be
paid to graphics, which may need to be inserted after dynamic down-conversion to ensure
a constant signal level.

Note: If an HDR signal is present at the input side of the processor and the Output Transfer
Characteristic is set to “Auto,” e.g. by selecting the Preset “Auto to Auto,” no Tone Mapping will be
performed since the HDR transfer characteristic is basically bypassed when choosing “Auto” as
Qutput Transfer characteristic (see chapter 3.3. “Auto” and 5. “Presets”).

Scene Light or Display Light Mapping

The Tone Mapping operation can be executed with two possible approaches depending on
two different use cases. Either with the scene-referred Mapping Type (Scene Light Mapping)
or with the display-referred Mapping Type (Display Light Mapping). By using the display-
related mapping, the Tone Mapping operation will be performed based on the light
reproduced by a reference display, while using the scene-related mapping will result in the
Tone Mapping being performed based on the light falling on the camera sensor (but including
camera characteristics, white balance, and any artistic camera adjustments).

Therefore, Display Light Mapping should preferably be used when the goal is to preserve the
colors and relative tones seen on a reference display, whereas Scene Light Mapping should
preferably be used when the goal is to match the colors and relative tones of HDR and SDR
cameras.

In other words, by using Scene Light Mapping, the incoming signal is first used to reconstruct
the brightness levels of the scene before the Tone Mapping operation is performed. This
process is explained in more detail using the example of a down-conversion from PQ-
BT2100 to SDR (Gamma BT.709), as shown in the following figure.

In this case, the incoming signal at the input of the HDR processor, e.g. directly derived from
the output of a camera operating in PQ-BT2100, corresponds to the upper green “Signal”
block in the figure. As shown by the upper red arrows and by order of the camera and display
blocks, the left side of the figure represents scene light, while the right side of the figure
represents the light output of the display (display light). In order to reconstruct the original
linear scene light, the non-linear process that took place within the camera during image
capture with PQ-BT2100 (OOTF + EOTF) must be undone (see the red arrow at the top
left). Therefore, the EOTF of PQ-BT2100 is applied first in order to undo the inverse EOTF
(EQTF), whereupon the inverse OOTF (OOTF ") of PQ-BT2100 will be
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applied to undo the OOTF. Once the original scene light has been reconstructed, the actual
Tone Mapping operation will be performed to carry out the HDR-to-SDR down-conversion
(see left green arrow). Since the down-converted scene light is still linear, the non-linear
processing of an SDR camera, according to the OETF specified in BT.709, must be simulated
in the last step (see blue arrow bottom left) to get the final SDR signal (bottom green “Signal”
block). After applying the reference BT.709 OETF, the final SDR signal is available for display
on an SDR display.

By using Display Light Mapping, it is not the brightness values of the scene that are used as
a reference for the mapping, but the brightness levels which the input signal would cause on
a reference monitor. This process can be explained in detail by taking a closer look at the
right side of the example of down-conversion from PQ-BT2100 to SDR (Gamma BT.709)
shown in the figure. As in the previous case of Scene Light Mapping, the incoming signal at
the input of the HDR processor also corresponds to the upper green “Signal” block in the
figure. To derive the display light, which is caused by this signal on a PQ reference monitor,
the EOTF of PQ is applied to the signal (see the red arrow at top right), according to the
reproduction of such a monitor. Once the display light has been derived, the actual Tone
Mapping operation will be performed to carry out the HDR-to-SDR down-conversion (see
right green arrow). Now the down-converted SDR display light must be transferred into a
signal that can be displayed on an SDR monitor using the BT.1886 EOTF (BT.709 OETF" +
OQTF). For this purpose, exactly the inverse of this EOTF is applied to the signal (see blue
arrow bottom right), i.e. the signal is first passed through the inverse BT.709/BT.1886 OOTF
(OOTF) before the BT.709 OETF will be applied. Once these steps are done, the final SDR
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signal (bottom green “Signal” block) is available and can be displayed on an SDR monitor.
Therefore, Display Light Mapping should be performed to view HDR content on displays with
a lower dynamic range.

It is particularly important that Scene Light Mapping is used for matching SDR and HDR
camera signals since both signals represent light from the scene captured by the camera. If
Display Light Mapping would be used, SDR and HDR cameras (especially HLG camera
signals) would not match, because the displayed look of SDR and HDR images is different
due to the difference in the opto-optical transfer functions (OOTFs). Therefore, the difference
between scene light and display light is the OOTF, which is described in more detail in chapter
3. “Transfer Characteristics” together with subjects like OETF and EOTF. While Display Light
Mapping rather tends to preserve the look created by the transfer characteristic used by the
display (plus artistic intent), Scene Light Mapping rather tends to represent the look of the
signal being converted to. In this case of HDR-to-SDR down-conversion from PQ-BT2100
to SDR (Gamma BT.709), Display Light Mapping would, therefore rather lead to a PQ look,
while Scene Light Mapping would rather result in a “traditional” BT.709 look. However, in the
latter case, the resulting look depends on which system the shading takes place (HDR or
SDR) and whether artistic intents have already been included during the capturing process.

According to BT.2408, e.g. the primary HDR output of a production switcher, which for
distribution must be converted into SDR, should be derived via Display Light Mapping to
ensure that both the SDR and HDR signals have the same look. For more information on
scene-referred and display-referred mapping and its use within production workflows, see
ITU Report BT.2408. For more detailed technical descriptions on how scene-referred and
display-referred mapping being processed, see ITU Report BT.2390.

The following illustration shows the Mapping Types available in the HDR EVIE+ Constellation.

Mapping Status

Mapping Type Tone Mapping Scene Light Tone Mapping Scene Light

Tone Mapping D

Selecting a Mapping Type

Note: Conversions including PQ-ST2084 and proprietary transfer characteristics such as SLog3 by
Sony, Panasonic V-Log, Arri LogC, RED Log3G10, Canon C-Log2, and BMD Film only support Scene
Light Mapping. If Tone Mapping Display Light is selected in case of conversion with these
characteristics, the Mapping Type will be forced to Tone Mapping Scene Light.

Note: An overview of the existing limitations regarding Mapping Types and Transfer Characteristics is
given in the tables of the appendix at the end of the document. The chapter also contains all the other
restrictions that apply to the HDR EVIE+ Constellation.
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2.2.3.Processing Parameters

The following processing parameters can be adjusted manually in the Operation Mode
"EVIE+."

Workflow Processing

Brightness Contrast Saturation Adaptation Speed Sce % Clipping Intensity Dynamic Ratio Homogenization Black Lift

0.050 55 1.00

Available Processing Parameters
Brightness

This parameter can be used to adjust the target brightness of the overall image. This target
brightness is determined by the value of the mean gray. The default value is set to 1.0 and
thus corresponds to the average 18% gray.

2.0: gray = 36%
1.0: gray = 18%
0.5: gray = 9%

The following graphic illustrates the effect of the parameter on the input brightness of the
image. As shown in the figure, the Brightness parameter behaves similar to a typical power
or gamma function. High values can lead to a flattening of the image impression. In this case,
it may be useful to increase the contrast value (see "Contrast"). Vice versa, if a high contrast
value is selected, the range of contrast reproduced in the scene is limited, which makes the
shadows become darker (see "Contrast"). In this case, an increased Brightness may be
useful to prevent the image from appearing too dark. For more recommmendations on how to
set the Brightness, see chapter 2.2.4. “Setup Guide.”
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The b ehavior of the  Brightness parameter
Contrast

The "Contrast" parameter determines the slope of the s-curve applied to the image. The
default value for Contrast is set to 1.1 and does slightly increase the contrast, as shown in
the following figure.

2.0: extremely high contrast
1.0: contrast unchanged
0.0: extremely low contrast

If a high value and thus a high subjective contrast is selected, the range of contrast
reproduced in the scene is limited, and the shadows become darker, as shown by the red
dashed curve of the following illustration. In this case, the image may appear relatively dark.
A readjustment of the brightness (see "Brightness") may be useful in this case. Vice versa, if
a high brightness is selected, which can result in a flattening of the image impression, it may
be useful to increase the Contrast value. If a low value and thus a low subjective contrast is
selected, dark areas will be brightened, and bright areas will be darkened (see blue dashed
curve). For more recommendations on how to adjust the Contrast, see chapter 2.2.4. “Setup
Guide.”
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The b ehavior of the  Contrast parameter
Saturation

Due to the contrast compression performed by the Tone Mapping operation as well as a
possible adjustment of the two previously mentioned parameters "Brightness" and
"Contrast," which also influence the performed contrast compression, an adjustment of the
brightness component is performed, which in turn affects the color impression such as the
saturation. Due to these changes, the chrominance is generally treated accordingly.
However, if the saturation impression still does not match the expectations, the "Saturation”
parameter offers the possibility to adjust it. For more recommendations on how to adjust the
Saturation, see chapter 2.2.4. “Setup Guide.”

Basically, this parameter changes the slope or lift of the color saturation. The default value is
set to 0.9 and slightly reduces the saturation, whilst a value higher than 1.0 would increase
the saturation (see figure on the next page).

2.0: extremely increased saturation
1.0: saturation unchanged
0.0: extremely reduced saturation

However, an increase in saturation can lead to color clipping for already highly saturated
colors at the input, as shown in the red dashed curve of the following figure.
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The b ehavior of the  Saturation parameter
Adaption Speed

As the calculation of the Tone Mapping takes place on a single image, the values are
temporally smoothed to get a consistent viewing impression. The duration of this interpolation
can be selected with this slider. The default value is set to 0.05 and is considered as a
recommendation for this parameter.

1.00: no smoothing at all (caution!)
0.05: normal adaption speed (recommended)
0.00: extremely slow adaption speed

Depending on the scene or use case (scenic production, live production, sports production,
etc.), a slight adjustment of the parameter can be beneficial to the result.

CAUTION: A faster adjustment (higher adaption speed) can also lead to unwanted effects such as
"oumping." This adjustment option should, therefore, only be used by experienced users. Strong
dependence on scenes, material, and type of production should be considered.
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Scene Change (%)

If the HDR processor is operated behind a program output, this output contains cuts
between cameras. Therefore, the processing of the Operation Mode "EVIE+" includes a so-
called scene change detection, which automatically detects these scene cuts. If such a scene
change is detected, the temporal interpolation described in the previous section of this
chapter (“Adaption Speed”) is suspended at this point to ensure the algorithm adapts
accordingly fast to the new image situation. The adjustment of the image brightness level
can thus be carried out faster and more specifically, after a scene change.

Basically, the Scene Change parameter can be used to set the percentage by which the
brightness level within an image must change in order to be classified as a scene change. If
the change in brightness between two frames exceeds this percentage, that frame is
classified as a scene change. The lower the percentage, the more likely a change between
two frames is classified as a scene change; the higher the percentage, the greater the
difference in brightness between two frames must be in order to be classified as a scene
change. The default value is set to 55%, which basically means that the brightness must
change significantly across 55% of the image to be classified as a scene change.

100%: basically no Scene Change detectable
55%: normal Scene Change detection (recommended — but depending on material)
0%: extremely fast (reckless*) Scene Change detection

Note: If EVIE+ is not operated behind a program output but directly behind a camera, the “Scene
Change” (%) can principally be deactivated by setting it to 100%. However, if large (and rapid) jumps
in brightness are to be expected, it may be beneficial to use the “Scene Change” to counteract these
(unless this behavior is not desired).

*CAUTION: If the "Scene Change” (%) is set too low, scene changes may be detected by mistake, SO
that unwanted effects such as "light/dark flickering" may occur. If the percentage is set too high,
existing scene changes may not be detected, and brightness adaptation may happen too slowly.

Clipping Intensity

The “Clipping Intensity” parameter can be used to influence the automatic result of the image
analysis by controlling the strength of the clipping. The default value is set to 1.0.

2.0: extremely strong clipping
1.0: normal clipping
0.0: almost no clipping

Increasing the value leads to stronger clipping, which causes the image to burn out earlier
and stronger, as illustrated in the red dashed curve in the figure below. See chapter 2.2.4.
“Setup Guide” for recommendations on how to set the Clipping Intensity.
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The b ehavior of the Clipping Intensity parameter
Dynamic Ratio

As already mentioned in chapter 2.2.2. “Mapping,” the HDR EVIE+ Constellation allows the
sectional (and/or global) dynamic Tone Mapping operation to be combined with a static Tone
Mapping operation similar to the operation of the HDR STATIC Constellation. While a static
curve always behaves the same way making the result continuous and best predictable, the
dynamic method can usually save even more image information in the SDR target format
(see chapter 2.2.2. “Mapping”). Therefore, the advantages of both worlds can be combined.

By using the "Dynamic Ratio" parameter, both the dynamic and the static operation can be
mixed proportionally. The default value is set to 0.6 using 60% of the dynamic processing
and 40% of the static processing. If the "Dynamic Ratio" is set to 1.00, the dynamic operation
is used only; if the value is set to 0.00, the static Tone Mapping operation is used only. By
selecting the value 0.50, both operations are included with the same proportion (see figure
on the following page).

1.0: dynamic Tone Mapping only

0.6: Default (60% dynamic Tone mapping, 40% static Tone Mapping)
0.5: 50% dynamic Tone Mapping, 50% static Tone Mapping

0.0: static Tone Mapping only
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The behavior of the Dynamic Ratio parameter

Depending on the requirements and conditions of production, a high dynamic behavior of
the processor may be undesired. If the scene offers a limited contrast range like it is often
the case in studio environments and indoor productions, a high dynamic ratio may tend to
produce a slightly dark and flat image impression. Furthermore, it is more difficult to have
certain image regions (e.g. the face of a host) automatically adjusted by the dynamic
processing according to the preferences. Therefore, the Dynamic Ratio can be used to
reduce the dynamic and increase the static component. Although the contrast range that
can be saved in the SDR format is reduced and the ability to automatically adjust the image
is diminished, the image impression becomes brighter and steeper in most cases. In addition,
the aperture of the camera can be adjusted without the algorithm counteracting too much
(see 2.2.2. “Mapping”).

If the scene offers a higher contrast range and/or more image information is to be saved into
the SDR target format, a higher Dynamic Ratio can be used to obtain an image that better
matches the relative luminance of the scene (see 2.2.2. “Mapping”). Whether the dynamic
operation is applied more globally or more locally can be defined by the Homogenization
parameter (see 2.2.3. “Processing Parameters” — Homogenization).

For more recommendations on how to adjust the Dynamic Ratio, see chapter 2.2.4. “Setup
Guide”.
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Homogenization

As already mentioned in chapter 2.2.2. “Mapping,” the HDR EVIE+ Constellation allows the
sectional dynamic Tone Mapping operation to be combined with a global dynamic Tone
Mapping corresponding to the operation of the HDR EVIE Constellation.

While the sectional dynamic operation applies the Tone Mapping to several spatial areas
(sectors) in the image, the global dynamic operation applies the Tone Mapping globally to
the entire image, basically using one large global “sector” instead of many small image
sectors. Therefore, the global dynamic Tone Mapping adjusts the brightness information of
the image depending on the entire image content, while the adjustment of the sectional
dynamic Tone Mapping depends on the image content within the several image sectors (see
chapter 2.2.2. “Mapping”).

By using the sectional dynamic Tone Mapping, the algorithm reacts dynamically depending
on the several image sectors, which allows lights and shadows to be treated independently.
Therefore, dark areas can be brightened, and bright areas can be darkened, leading to a
homogenization of the image impression. The proportion of this homogenization, i.e. the
sectional dynamic component of the algorithm, can be adjusted by using the
“Homogenization” parameter.

This parameter allows the sectional dynamic operation to be proportionally mixed with the
global dynamic operation. Moreover, the selected value limits the impact of the sectional
dynamic component. Therefore, a higher value allows a stronger adjustment of shadows (see
2.2.3. “Processing Parameters” — Black Lift) and highlights. The higher the value, the more
the algorithm darkens bright areas and brightens dark areas of the image.

The default value is set to 0.45 using 45% of the sectional dynamic processing and 55% of
the global dynamic processing. If the "Homogenization" is set to 1.00, the sectional dynamic
operation is used only; if the value is set to 0.00, the global dynamic Tone Mapping operation
is used only. By selecting the value 0.50, both operations are included with the same
proportion (see figure on the following page).

1.00: sectional dynamic Tone Mapping only

0.50: 50% sectional dynamic Tone Mapping, 50% global dynamic Tone Mapping

0.45: Default (45% sectional dynamic Tone mapping, 55% global dynamic Tone Mapping)
0.00: global dynamic Tone Mapping only
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The behavior of the Homogenization parameter

Depending on the requirements and conditions of production, strong homogenization may
or may not desirable. The homogenization of the image impression is particularly suitable for
scenes with a very high dynamic range or scenes which are illuminated heterogeneously. If
no such strong homogenization is required, the global dynamic component of the algorithm
can be applied to a greater extend by reducing the value of the Homogenization parameter.

The global dynamic operation is well suited for indoor scenes (e.g. studio productions) when
the contrast range of the scene is lower and more predictable, but also in case of outdoor
scenes with low to medium contrast ratios. Furthermore, this type of mapping is well suited
for adaptively selecting a steeper gradation for incoming image material with a low contrast
range, thus enabling a subjectively higher impression of contrast. In addition, the global
dynamic operation is very well suited for automatic exposure of HDR images for an SDR
broadcast to counteract changing lighting conditions without working too much with the
aperture. Since the dynamic adjustment depends on the incoming signal, over- or
underexposures can be compensated (if the input signal is not already clipped).

CAUTION: If the “"Homogenization” parameter is set too high and therefore high sectional dynamic
processing is active, unwanted effects or artifacts such as unwanted brightening and darkening or
halo artifacts may occur.
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Black Lift
The “Black Lift” parameter can be used to treat dark areas of the image separately.

If a high value is selected for homogenization (see 2.2.3. “Processing Parameters” —
Homogenization), the shadows may be increased to an undesirable degree. The Black Lift
parameter can be used to counteract this effect by limiting this increase. While a higher value
leads to a higher brightening of the shadows, a lower value results in the shadows being less
brightened (see figure below). The default value is set to 0.5.

1.0: no limitation (shadows are brightened to the maximum)
0.5: slight limitation (shadows are slightly brightened)
0.0: extreme limitation (shadows are not brightened)

However, it should be noted that the Black Lift parameter has no effect on the image
impression if the Homogenization parameter is set to 0.00, i.e. if no sectional dynamic
processing is enabled (see 2.2.3. “Processing Parameters” — Homogenization). In this case,
the parameter is, therefore, not available.

Black Lift
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The behavior of the Black Lift parameter
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Overview

The following table shows which settings of the individual processing parameters are
considered meaningful and which are critical. The default value is marked with a cross.
Extreme areas that carry an increased risk of undesired behavior are marked in red.

00|02 |04 06 |08 |10 |12 14|16 | 18] 20
Brightness X
Contrast X
Saturation X
Clipping Intensity X
00|01 |062 03 |04]05|06 |07 ]08]|09]| 10
Adaption Speed X
Dynamic Ratio X
Homogenization X
Black Lift X
0 10 20 30 40 50 60 70 80 90 | 100
Scene Change (%) X
Overview of meaningful (green) and critical (red) settings of the processing parameters

However, it should be noted that the selected setup strongly depends on the requirements
and conditions of production. The following chapter provides a recommendation on how to
set up the converter and in which order the Processing Parameters can be set to achieve
the desired image impression.

2.2.4.Setup Guide

This setup guide provides a recommendation on how to set up the converter and in which
order the Processing Parameters can be set to achieve the desired image impression. In
addition, recommendations are given for usual settings considering common requirements
and conditions in production. However, it should be noted that the selected setup strongly
depends on the requirements and conditions of production. This guide is based on an HDR
focused production in which (according to ITU Report BT.2408) the shading takes place in
HDR. Depending on the production, appropriate settings may differ from the
recommendations given below. The following gives a recommendation on how and in which
order to proceed to obtain the desired image impression:
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1. The Dynamic Ratio determines how dynamic the converter behaves

1. Dynamic Ratio

sports production
(much movement) 000102 |03[04|05(06]|07(08]09]1,0

studio production with
regulated lighting conditions 001011062 |03]04]05|06]|07]08 |09 /|10

compensating backlight and

HDR beauty shots 00|01]02(03|04|05|061]07|08]|09]1,0
(little movement)
“shading” via EVIE+" 00/01]02]03[04|05|061]07/|08]|09]1,0

*Note: As already described in chapter 2.2.2. "Mapping”, the dynamic operation makes it possible to
automatically expose an HDR image for an SDR broadcast without working too much with the aperture. Since
the dynamic curve depends on the incoming signal, over- and underexposures are compensated (if the input
signal is not already clipped). The recommended settings for “shading” via EVIE+ are shown in the respective
tables.

2. The Homogenization parameter should be used to decide to what extend the lights and
shadows are adjusted (homogenized) by the processor.

2.1. Homogenization

sports production
(much movement) 000102 |03|]04|05|06]|07|08]09]1,0

studio production with

regulated lighting conditions 00|01 |02/)03|04/05|06|0708]09]|10

compensating backlight and

HDR beauty shots 000110203 |04|05|06|07]081|09]1,0
(little movement)
“shading” via EVIE+" 00/01]02]03[04|05|061]07]08]|09]1,0

In addition, the Black Lift can be used to separately adjust the effect the processor has on
the shadows. If a high Homogenization is selected, shadows might be increased to an
undesirable degree. In this case, it may be useful to further reduce the Black Lift.

2.2. Black Lift

sports production
(much movement)

00|01(02]03[04|06|06|0,7]08|09/|1,0

studio production with

regulated lighting conditions 00|01}02]03]04|05]06/|0,7/08]09]1,0

compensating backlight and

HDR beauty shots 00|01102]083|04(05/06|0,7/08(09]1,0
(little movement)
“shading” via EVIE+* 00]01]02/083]04]05]06/0,7]108]109]1,0

3. The Clipping Intensity should be set to select the desired clipping point, especially if the
lights are too grey or too much clipped. For example, if the image appears too dark and more
clipping is acceptable, the Clipping Intensity can be further increased.
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3.

Clipping Intensity

sports production

(much movement) 00(02/04|06|08|10|12 14161820
studio production with

regulated lighting conditions 00]02104106]0810]|12]14/16]18]20
compensating backlight and

HDR beauty shots 00|10204|06(08|10|1214]116 (1,8 2,0
(little movement)

very bright HDR 00(02]04|06|08|10(12 (14|16 (1,8 |20

4. Atfter Clipping Intensity is adjusted, the Brightness parameter should be used to adjust the

overall brightness of the image if the overall image appears too dark or too bright.

4. Brightness

sports production

(much movement) 00(0204|06|08|10|12 (14161820
studio production with

regulated lighting conditions 00/02]04106]08]10|12]14]16]18]20
compensating backlight and

HDR beauty shots 00/02(04|06|08(10(12(1,4|16|1,8]2,0
(little movement)

very bright HDR 00(02]04|06|08|10(12(1,4]16 (18|20

5. Adjust the contrast of the image by using the Contrast parameter if the image appears
too steep or too flat. Please note that a higher contrast can reduce the shadows and darken
the image. For this reason, it may be hecessary to readjust one of the previous parameters.

5. Contrast
sports production
(much movement) 00(02|04|06|08|10(12 (1416|1820
studio production with
regulated lighting conditions 00|02/04]06|08|10]12]|14)16]1,8]20
compensating backlight and
HDR beauty shots 00(02|04/06|08|10(12[1,4|16]18]2,0
(little movement)
very bright HDR 00(02]04|06|08|10(12 (1416|1820

6. Use the Saturation parameter to adjust the color intesity if the image appears over- or

under-saturated.

6. Saturation

sports production

(little movement)

(much movement) 00(0204|06|08|10(|12 (14|16 (18|20
studio production with

regulated lighting conditions 00/02]04106|08|10|12]14]16]18]20
compensating backlight and

HDR beauty shots 000204060810 ]12|14 161,820
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3. Transfer Characteristics

The conversion between different transfer characteristics is considered the main function of
the HDR processor since the actual HDR-to-SDR down-conversion takes place at this point.
The real-time dynamic Tone Mapping operation is carried out at this point, as well. To use
this feature, the Operation Mode “EVIE+” must be selected (see chapter 2. “Operation
Modes”).

Basically, a transfer characteristic can be described as follows: On the recording side,
typically within a camera, an opto-electronic transfer function (OETF) is responsible for the
transfer of optical brightness information (scene light) into the electrical (digital) video signal
(see figure below). Thus, the transfer characteristic of the resulting video signal corresponds
to the OETF in use. On the display side, the electro-optical transfer function (EOTF) ensures
the transfer of the electrical (digital) video signal back into optical brightness information
(display light), as shown in the following figure.

OOTF
P
Scene Light OETF Signal EOTF Display Light
Camera Display

Relationship between OETF, EOTF , and OOTF

So, the OETF maps the light coming from the scene to the video signal, and the EOTF maps
the signal representing the scene to the light emitted from the display. The OETF and EOTF
in combination result in the opto-optical transfer function (OOTF), which indicates the ratio
between the optical brightness information on the recording side (scene light) and the optical
brightness information on the display side (display light). If the inverse of the OETF is used as
EOTF, the result is a linear OOTF. However, in television systems, the displayed light out of
a television display is not linearly related or proportional to the light captured by the camera.
A linear reproduction of the scene light on a display would lead to a low contrast washed out
image. In addition, the perception of brightness usually differs between camera and display
environments, leading to wrong image impressions during reproduction on a monitor. For
this reason, an overall non-linearity is applied by imposing the rendering intent using a
“reference” OOTF, which compensates for the issue of linearity between scene light and
display light as well as the difference in tonal perception between these two environments.
Specifying and using such a reference OOTF allows consistent end-to-end image
reproduction, which is important in television production. In addition, adjustments of artistic
kind can be made to further improve the image impression. These artistic adjustments, e.g.
those that are made by using the processing parameters of the HDR EVIE+ Constellation,
also affect the OOTF, which then can be called "artistic OOTF." In general, artistic

© 2021 LYNX Technik AG Page 24 of 74



greenMachine greenMachine® titan Evie+ HDR Processing - Rev 1.3

adjustments to the OOTF may be applied either before the reference OOTF on the recording
side or after the reference OOTF on the display side, but significantly depend on the OETF
and EOTF in use. Basically, the OOTF aims to apply the "rendering intent" and is generally
considered to be a concatenation of the OETF, artistic adjustments, and the EOTF. So, the
OOTF maps relative scene linear light to display linear light and may also be applied either in
the camera on the recording side (PQ) or in the display on reproduction side (HLG), as shown
in the following figure and described in chapter 3.2.1. “PQ” and 3.2.2. “HLG.” In general, this
topic is specified in more detail in the ITU-Standard ITU-R BT.2100 as well as in ITU Report

BT.2390.
Camera (OETF) Display
PQ-BT2100
HLG
[T
OETF Signal OETF! OOTF
Camera Display (EOTF)

Relationship between OETF, EOTF , and OOTF for PQ and HLG according to
ITU-R BT.2100 and ITU Report BT.2390

In the end, the goal is to divide the existing brightness information into a video signal having
available certain binary values (bits) according to the given requirements and then convert
these signal values back again into suitable brightness information.

Depending on the image material, the camera and/or the target display in use, various
adjustments of the transfer characteristic must be made during production process to
reproduce a signal as it looked like in the original scene or in order to reveal a certain image
impression to the viewer. For this reason, the transfer characteristic of a video signal often
requires a transformation into another transfer characteristic, e.g. to integrate the signal into
another workflow or to enable the signal to be displayed on a certain monitor. Therefore,
many possible conversions between capturing and displaying a signal may be required,
especially to adapt a captured signal for different target displays, e.g. to display an HDR
signal correctly on an SDR display.

At this point, the conversion functionality of transfer characteristics in the HDR processor
comes into play. A simple application example, which is shown in the figure below, should
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clarify the principle of converting transfer characteristics and how the HDR EVIE+
Constellation works.

Target Display
Camera

greenMachine

E B

i
H B
13

A 4

OETF $  Input Transfer Characteristic

Output Transfer Characteristic

EOTF

An operation example of transfer characteristics using the HDR processor

If the greenMachine is operated behind a camera like it is shown in the figure above, the
“Input Transfer Characteristic” will correspond to the OETF of the camera. Therefore, the
“Input Transfer Characteristic” must be selected according to the OETF of the camera. If
older, already captured material is present at the input of the greenMachine, the “Input
Transfer Characteristic” must be selected according to the characteristic of the material used.

If we stick to our camera example assuming it is an HDR camera capturing with a PQ-ST2084
characteristic curve, a conversion to SDR must be made to reproduce the signal correctly
on an SDR display and to display an image impression according to the captured scene.
Therefore, the “Input Transfer Characteristic” should be set to “PQ-ST2084”, while the
“Output Transfer Characteristic” should be set to “SDR” like it is shown in the figure on the
following page.

As described in chapter 2.2.2. “Mapping,” the HDR EVIE+ Constellation, not only provides a
simple conversion from PQ-ST2084 (HDR) to SDR (Gamma BT.709) but also applies a
sectional (and/or global) dynamic Tone Mapping operation in real-time. As a result, even the
resulting SDR image reproduced on today’s SDR devices already benefits greatly from the
HDR material captured by the HDR camera using PQ-ST2084.

However, it should be noted that the Mapping Type Scene Light must be used in this case
since Display Light Mapping, in combination with PQ-ST2084, is not supported by the HDR
EVIE+ Constellation (see chapter 2.2.2. “Mapping”).
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Mode
Operation Mode EVIE+

Preset PQ-ST2084 2020 to SDR 709

Input

Input Transfer Characteristic PQ-5T2084

Auto
Input Colorimetry SDR

HLG
InputRange

PQ-BT2100
SLog3
Panasonic V-Log

Mapping Status

Mapping Type Tone Mapping Scene Light Tone Mapping Scene Light

Output
Output Transfer Characteristi
Output Colorimetry

Output Range

Selecting an Input and Output Transfer Characteristic

However, this example only describes a single case out of many. Particularly for HDR, there
are various transfer characteristics that offer various possibilities for scene light being
encoded in video signals and video signals being decoded in display light.

The HDR EVIE+ Constellation can perform HDR-to-SDR down-conversions between all
relevant, standardized transfer characteristics. These include — in addition to the standard
Gamma BT.709 characteristic for SDR — the characteristic curves PQ* and HLG generally or
“officially” standardized for HDR by the [TU as well as common proprietary HDR
characteristics like Sony’s SLog3. These curves are shown in the figure below as opto-
electronic transfer functions (OETFs)**, which illustrate how the incoming brightness values
are mapped to the respective code values (in the camera).

“Note: PQ is available as a transfer characteristic from both the SMPTE ST-2084 standard, which
defines PQ as EOTF and OETF as exactly inverse to each other without a reference OOTF or rather
with a linear OOTF and the ITU-R BT.2100 standard, which takes the reference OOTF into
consideration (see chapter 3.2.1. “PQ”). For more details, see ITU standard BT.2100 or ITU Report
BT.2390.

“*Note: The OFTF of PQ is illustrated as simple OFTF, i.e., as exactly inverse to the EOTF (as EOTF-
1) without consideration of the OOTF (see the second figure in this chapter).

© 2021 LYNX Technik AG Page 27 of 74



greenMachine greenMachine® titan Evie+ HDR Processing - Rev 1.3

Opto-Electronic Transfer Functions (OETFs)
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Transfer Characteristics shown as opto -electronic transfer function s (OETFs)

The figure on the following page shows these characteristics as electro-optical transfer
functions (EQOTFs)*, which illustrate how the encoded values are mapped back to optical
brightness information by the respective transfer characteristic (in the display). In these
illustrations, the incoming brightness values were normalized between 0 and 1. These curves
are already used widely as industry standards for both cameras and displays.

*Note: The EOTF of HLG is illustrated as simple EOTF, i.e. as exactly inverse to the OETF (as OETF-
1) without consideration of the OOTF (see the second figure in this chapter).

In addition, the HDR processor is also capable of processing other common proprietary HDR
OETFs of camera manufacturers like Panasonic V-Log, Arri LogC, RED Log3G10, Canon C-
Log2 and BMD Film.

Since the HDR EVIE+ Constellation is a pure HDR-to-SDR down-converter, the HDR
characteristics provided in the processor are only available as “Input Transfer
Characteristics.” In the following chapters, the available characteristic curves are considered
in more detail.
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Electro-Optical Transfer Functions (EOTFs)
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Transfer Characteristics sh  own as electro -optical transfer functions (EOTFSs)

3.1. SDR (Gamma BT.709)

Standard Dynamic Range (SDR) describes the well-known contrast range, which has been
known by television and broadcast for decades. Historically, this range was given by the
maximum displayable luminance of 100 cd/m? at this time. This limitation, as well as the
transfer characteristic (EOTF) used at that time, was due to the properties of the cathode ray
tube (CRT). The transfer curve of the CRT, the so-called gamma characteristic, was a
physical property and thus an integral part of the former imaging technique by CRTs.

On the recording side, this characteristic has been compensated by a so-called gamma
correction, which has found its place as OETF in the cameras. This OETF has been
standardized in HDTV standard ITU-R BT.709 and is shown as the blue curve in the OETF
figure in the previous chapter.

Due to its non-linearity, the gamma characteristic previously led to a visually improved signal-
to-noise ratio in analog systems of that time. Now the same non-linearity helps to prevent
quantization artefacts in today’s digital systems. Besides the efficient use of the available
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range given by SDR, the gamma characteristic is also like the human visual system. These
are the main reasons why this characteristic is still in use for today’s SDR-displays.

However, what the CRT has been able to apply by itself, is what today’s modern displays
such as LCDs and OLEDs must imitate technically. This is the main reason why the gamma
characteristic of the CRT has been standardized as EOTF in ITU standard ITU-R BT.1886.
As already noted, the gamma characteristic does not go unmentioned in HDTV standard
ITU-R BT.709. There it is described as a power function with the exponent 2.4 and
quantization of 8-bit (=256 code values) or 10-bit (=1024 code values). BT.709 also contains
a reference to the BT.1886 standard. This EOTF gamma characteristic specified by these
standards is shown as the blue curve in the EOTF illustration in the previous chapter.
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