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Summary: The Academy Color Encoding System (ACES) is the industry stan-
dard for managing color throughout the life-cycle of a motion picture or televi-
sion production (from creation, thru editorial, grading, audience presentation, and
archiving).

Early adopters of technology products tend to be quite technology-savvy. One of
the main goals of the release of ACES 1.0 is to broaden the user base beyond the
very technically-oriented early adopters. In order to make it more accessible to a
wider audience of users, it is necessary to make the ACES User Experience (ACES
UX) simpler and more consistent across products.

This document provides guidelines for those building products that implement
ACES and to others looking for guidance on how best to present ACES termi-
nology and concepts to end-users.

Those implementing ACES in products should also refer to the Logo Program
Requirements and Usage document.



TB-2014-002 ACES Version 1.0 User Experience Guidelines

NOTICES

©2019 Academy of Motion Picture Arts and Sciences (A.M.P.A.S.). All rights reserved. This document is
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patent, copyright, trademark or similar such rights) of A.M.P.A.S. or others. A.M.P.A.S. declares that it
will not enforce any applicable intellectual property rights owned or controlled by it (other than A.M.P.A.S.
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certain applications of the technology may be the subject of intellectual property rights other than those
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of this document are invited to submit notification to A.M.P.A.S. of any such intellectual property of which
they are aware.

These notices must be retained in any copies of any part of this document.

Page 2 March 29, 2016



TB-2014-002

Revision History

ACES Version 1.0 User Experience Guidelines

Version | Date

Description

1.0 12/19/2014 | Initial Version

1.0.1 04/24/2015 | Formatting and typo fixes

03/29/2016 | Remove version number - to use modification date as UID

Related Academy Documents

Document Name

Description

Page 3

March 29, 2016



TB-2014-002 ACES Version 1.0 User Experience Guidelines

Table of Contents

.................................................. 2
.............................................. 3
[Related Academy Documents|. . . . . . . . . . 3
MOUOdUCTON . « .+« o o o e e e e e 5
ML REErencesl. . . . o o o oo e e e 6
[2 Top-level schematic for the ACES user experience|. . . . . . . ... ... ... ... ........ 6
[3  Selecting input transforms| . . . . . . ... e e e 6
allenges|. . . . . . . e e 7

3.2 Naming of transforms|. . . . . . . . . .. L 7
B3 Transformmetadatal . . . . . . ... ... 7
BAGuidelines . . - - - o oo 8
3.4.1 Namingofmenus|. . ... ... ... ... ... ... 8

[3.4.2  Naming of transforms| . . . . . . . . . . . ... 8

13.4.3  Unique 1dentification of transforms| . . . . . . ... ... ... 0oL, 8

[3.4.4  Assigning appropriate default transforms| . . . . .. ... oL Lo 8

3.4.5  Device-specific input hierarchies| . . . . . . . ... oL oo oL 8

3.4.6 Completeness| . . . . . . . . . . e 8

B4T Ease-oftusel . . . . . . 8

3.4.8 Handlingothernputs|. . . . . . . ... ... 9

{4 Configuring the ACES viewing pipeline| . . . . . .. ... .. .. . L L 9
4.1 Technical background|. . . . . . . . . .. ... 9
4.2 Therole of the Look Transforml . . . . . . . ... .. ... ... ... ... ... . .... 9
4.3 Terminology|. . . . ..o L 10
BAGudelines . . . - o o o o o o 10
441 Namingofmenus|. . . . . . . . . . . . e e 10

442 Naming of transforms| . . . . . . . . . .. L e 10

4.4.3  Unique identification of transforms| . . . . . .. .. ... .. ... ... ... ... .. 10

444 Completeness| . . . . . . . . . . e 11

B45  Ease-oftusel . . . . . . . .. 11

4.4.6  Handling otheroutputs| . . . . . . ... ... .. 11

4.4 Assigning appropriate default transtorms| . . . . . ... ... o000, 11

4.4.8  Separate Look Transforms| . . . . . . . . . . .. ... 11
................................................ 11
Bl GUuideliesl. . - -« o vt et e e 12

Page 4 March 29, 2016



TB-2014-002 ACES Version 1.0 User Experience Guidelines

I5.1.1 Display of ACES Release version| . . . . . ... ... ... .. ... ... ..... 12

I5.1.2  Use of appropriate default versions|. . . . . . . ... ... ... ... .. ... ..... 12

[5.1.3  Availability of earlier ACES Releases| . . . . . ... ... ... ... .......... 12

5.1.4  Display of ACES Transform Identifier . . . . . . . ... ... ... ... ... ..... 12

|6 Naming of color spaces and encodings| . . . . . . . . . . . .. L L L 12
6.1 " Primary sets| . . . . . . ... e e e e 13
6.2 Color encodings and working spaces| . . . . . . . . .. ... Lo o 13
6.3  Guidelines|. . . . . . . . 14
16.3.1  Availability of an ACES working space| . . . . . ... ... ... .. ... ..... 14

16.3.2  Naming of ACES working spaces| . . . . . .. ... ... ... ... ... . ..., 14

[ _ACES Container. . . . . . . . . o o v e e e 14
DI GUdelnes] . . . .« o v e 14
[7.1.1  Assigning default colorspace| . . . ... ... ... ... ... ... .. ... 14

[Z12 Filemetadatal . . . . . . . .. e 14

B CommonLUT Formafl . . . ... ... ... . .. i 14
O ACESchipmetadatal . . . . . . . . . . . . . e e 14
[Appendix A Engineering block diagram| . . . . . ... .. .o oo oo 15

Page 5 March 29, 2016



TB-2014-002 ACES Version 1.0 User Experience Guidelines

Introduction

A goal of ACES 1.0 is to enable widespread adoption by encouraging consistent implementations in pro-
duction and post-production tools throughout the complete film and television product ecosystem spanning
capture to archiving. This is a very diverse set of tools, each used by professionals with different sets of
skills. Furthermore, each manufacturer has established their own set of conventions for how to structure their
user experience to best serve their market. Clearly, it is neither feasible nor appropriate for these guidelines to
specify in minute detail every aspect of a user interface (e.g. “all products must use a set of vertical drop-down
menus labeled in 10-point Helvetica”).

That said, the feedback from users on the first wave of products implementing the pre-release versions of
ACES has been clear in the need for guidelines. One common comment is that the implementations are so
different, figuring out how to configure ACES in one product is of little help when configuring the next. For
example, naming conventions are different for no apparent reason.

Another common concern is that the system is too reliant on acronyms and uses unfamiliar concepts (e.g.,
what is a “reference rendering transform”?). Although some of these acronyms have become familiar within
the inner circle of ACES product partners and early adopters, it must be acknowledged that the tolerance for
these terms is much lower amongst the general population of industry professionals (e.g. how would one
explain what an RRT is to an editor, CG animator, or anyone else without some color science background).

As the ACES project transitions from technical development to wider industry deployment and the release
of Version 1.0, it is appropriate that we take a fresh look at how to portray the system to an audience that
includes end-users in addition to engineers and color scientists. Although the technical terms and acronyms
will continue to be used within the engineering community, these guidelines introduce a new set of terms
intended to be simpler and more familiar to a wider set of users.

NOTE: This document provides naming conventions in English. However, it is recognized that for many
products it will be necessary to translate these names into other languages to localize for various global
markets.
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1 References

The following standards, specifications, articles, presentations, and texts are referenced in this text:
SMPTE ST 2065-1:2012, Academy Color Encoding Specification

SMPTE ST 2065-2:2012, Academy Printing Density (APD) — Spectral Responsivities, Reference Measure-
ment Device and Spectral Calculation

SMPTE ST 2065-3:2012, Academy Density Exchange Encoding (ADX) — Encoding Academy Printing Den-
sity (APD) Values

SMPTE ST 2065-4:2013, ACES Image Container File Layout

Academy P-2013-001, Recommended Procedures for the Creation and Use of Digital Camera System Input
Device Transforms (IDTs)

Academy S-2014-002, Academy Color Encoding System — Versioning System
Academy S-2014-006, A Common File Format for Look-Up Tables

Academy TB-2014-009, Academy Color Encoding System (ACES) Clip-level Metadata File Format Defini-
tion and Usage

Academy TB-2014-010, Design, Integration and Use of ACES Look Modification Transforms

2 Top-level schematic for the ACES user experience

is the overview diagram for the ACES 1.0 user experience. This is not intended to replace the earlier
conceptual block diagrams. However, it must be realized that those diagrams were intended primarily for an
audience of color scientists and post-production engineers rather than the much wider audience of end-users
being targeted for the 1.0 release.

Notice that acronyms have been eliminated. The names have been made shorter and more intuitive (definitions

are provided in|Section 4.3)).

Please note that the Output Transform is the combination of the RRT with an ODT. A diagram showing the
user-centric terms in relation to the engineering-centric block-diagram is provided in Appendix[A] along with
definitions of the engineering terms.

working space
(e.g. ACESce, ACEScy)

O\ optional user
N Look Transform(s)

. . Input ) Look 1 Look n Output e
‘Inpu‘t Transform ACES Transform| ™ | Transform Transform o ?Isl:'.lay
camera, manitor,
S— — °
film, CGI) projector)

{2.g. day-for-night)

ACES viewing pipeline

Figure 1 — The top-level schematic for the ACES user experience

3 Selecting input transforms

This section contains guidelines for selecting ACES Input Transforms. Please note that the term IDT (Input
Device Transform) is also used here since it is familiar to product manufacturers, however it is important to
note that this is an engineering rather than an end-user term.
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3.1 Challenges

The number of manufacturers of digital cinema cameras continues to expand and each product seems to have
developed its own set of UX conventions. The goal of these guidelines is not to make all camera vendors
use the same set of options for their camera. Rather, it is to make the process of selecting the ACES Input
Transforms for a given camera as similar as possible in the products that use those transforms.

For example, if one camera manufacturer makes IDTs that vary based on exposure index (EI), and another
manufacturer makes IDTs based on whether daylight or tungsten was used (but doesnt care about which EI
was used), it is not our goal (nor would it be feasible) to get the manufacturers to all agree to use the same set
of options.

Another important aspect to consider is that there is a tension between ease-of-use and completeness. On the
one hand, products should make it possible for users to use any available IDT. On the other hand, given the
increasing number of manufacturers, the fact that a single camera may have dozens of IDTs associated with
its various parameter settings, that manufacturers regularly introduce new “color science versions” which may
apply to new and old cameras, and the fact that the current crop of camera models gets refreshed regularly,
there will soon be hundreds of IDTs available.

For users to trust in the ACES platform, they must be able to load the IDT needed for their given camera.
However, for ACES to be easy to use, the user must not be overwhelmed with menus that have hundreds of
different transforms. Hence product designers must somehow find a way to make their implementations both
complete and yet easy to use.

Please note that as part of the ACES support effort, we plan to request that Product Partners create and publish
an FAQ as a PDF that is formatted similarly (among all Product Partners of a particular category of product)
to help end-users understand how a particular manufacturer is handling naming conventions and/or set-ups.
These would be available on the ACES website to make it easier for users to get up and running on any
particular piece of equipment.

3.2 Naming of transforms

In order to reduce “differences for no reason,” the transforms will contain metadata for a suggested “user
friendly” name for use in product user interfaces (Uls). However, given the fact that ACES-compliant prod-
ucts will serve many different types of user and each have their own Ul requirements (e.g. length of strings),
it is not realistic to mandate usage of specific transform name strings. Hence, use of the proposed names is
highly recommended but not mandatory.

However, one common user complaint about current pre-release ACES implementations is that it is often
difficult to know if they are selecting the same transform in two different products since they are named
differently.

“Academy S-2014-002, Academy Color Encoding System — Versioning System” is a separate document
describing the process of generating versioned unique names for color transforms. Although these are human-
readable, they may be too long and technical for use as the primary name in many product Uls. However this
transform identifier string is the most precise way for users to confirm the “true identity” of a given transform
(i.e. the exact CTL file that was used by the manufacturer to implement a given transform).

3.3 Transform metadata

The CTL files included in an ACES system release will contain two metadata strings that are intended for use
in products:

User-friendly Transform Name — This is the string that is recommended for use in menus, etc. in a product
user interface. Some hypothetical user-friendly names are:

¢ ACES 1.0 Input - ARRI LogC v3 (EI800)
¢ ACES 1.0 Look - ACES 1.0 to 0.7 emulation
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* ACES 1.0 Output - P3-D60

The user-friendly transform name consists of a prefix followed by a specific name. Products may shorten the
prefix if the type of transform is clear from the context.

ACES Transform Identifier (or “Transform ID’) — This is a versioned unique name which is fully described
in Academy S-2014-002. Some hypothetical example transform identifiers are:

e IDT.ARRI.Alexa-logC-v3-EI800.al.v1
* LMT.Academy.ACES_0_7_1.a1.0.0
* ODT.Academy.P3D60_48nits.al.0.0

3.4 Guidelines

3.4.1 Naming of menus

The string “Input Transform” (or simply “Input” if “Transform” is clear from the context) is suggested for
the menu used to select IDTs.

3.4.2 Naming of transforms

Products are free to choose the “user friendly” name for transforms. It is highly recommended to use (or at
least base) the string on the user-friendly name metadata included in the released transforms.

3.4.3 Unique identification of transforms

Products should make it possible for users to see the official transform identifier string associated with a
transform. As this is a technical string, it is reasonable to put this somewhere separate from the user-friendly
name (e.g., in an “Advanced Info” dialog box). The transform identifier may be referred to as the “Transform
ID.”

3.4.4 Assigning appropriate default transforms

In many cases, there will be information available to the product that could guide the selection of the IDT.
For example, it may be an ACES clip-level metadata file, there may be other color space metadata in the
image file, or the media could be in a format specific to a given camera. Where appropriate, products should
attempt to simplify the user experience by selecting an appropriate Input Transform. However, since metadata
unfortunately is often wrong, users should be given a way to over-ride any automatic transform selection.

3.4.5 Device-specific input hierarchies

Creators of IDTs should publish their transforms using a directory structure that provides guidance on how
products should organize the presentation of these transforms to end-users. The names of the directories
should be chosen carefully for suitability in products.

Products which allow users to select Input Transforms should organize the transforms using some type of
hierarchical user interface metaphor to make the process of finding Input Transforms as similar as possible
between products. The naming of the hierarchy should correspond to the intent of the IDT creator.

3.4.6 Completeness

Products should enable users to select any of the IDTs included in the Academy releases.

3.4.7 Ease-of-use

Products should arrange their user experience in such a way that the user is not overwhelmed by needing to
select from overly long lists of transforms. One method for doing this is to have both easy and advanced
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modes. Another method is to present a short list of the most likely transforms but also provide a way for
the user to browse to find older, less common, or more specialized transforms. (This set of suggestions is
intended to be illustrative rather than exhaustive.)

3.4.8 Handling other inputs

The typical IDTs are transforms for digital cinema cameras and film scanners. However, it is important
that products allow users to convert from other color spaces into ACES, even though there may not be an
Academy-supplied IDT for it. For example, it is often useful to be able to convert scene-referred data encoded
using the Rec. 709 primaries into ACES.

A more complicated example is the important case of importing display-referred media via an inverse Output
Transform.

4 Configuring the ACES viewing pipeline

The most complicated aspect of the ACES user experience is configuring the settings needed for a product to
convert ACES colors into device code values suitable for a given display and viewing environment.

4.1 Technical background

ACES stores images using a wide-range, linear, floating-point encoding of the original scene colorimetry.
These “scene-referred” images must be transformed for correct presentation in cinema and television. This
transformation accounts not only for the difference between a linear encoding and the gamma-corrected
encoding expected by display devices, but also for the difference in viewing environment between capture
and display, for the limited dynamic range and gamut of practical displays, and the desire to produce a
pleasing picture.

Although this transformation involves well-understood principles of color science, there are also engineering
trade-offs and aesthetic considerations which means there is no single correct approach. Each product man-
ufacturer makes the trade-offs differently which results in products producing images having their own look.
Traditionally motion picture film had a specific look that was different from video cameras. In this digital era,
each digital motion picture camera manufacturer has one or more looks selectable in software, while visual
effects and animation companies have their own “tone-mapping transforms” that produce customized looks
serving the visual aesthetics of the production.

This diversity has created problems when interchanging digital media in scene-referred form since the recip-
ient often does not know what viewing transform to use to correctly view the images. This has made digital
workflows often more fragile than the film or tape-based workflows that they have supplanted.

One of the foundational design principles of the ACES system is that it must be possible to reasonably
view ACES-encoded images on various display devices without any additional information (i.e. without
knowing “what LUT am I supposed to use?”). This greatly increases the robustness of the system, not only
for exchanging files between collaborators on a project, but also for placing ACES files in the vault for future
generations.

4.2 The role of the Look Transform

Prior to ACES, it was common to “bake” a look into the output transform. This was partly due to the common
limitation that many products did not allow the user to specify a separate look transform. However, ACES
introduces a paradigm-shift related to look transforms.

Up to now, it has been necessary to create separate output transforms for each product being used. For
example, on a large VFX movie, an engineer would need to create many flavors of LUTs in various file
formats and different mathematical representations (e.g. number of grid points in the 3d-LUT, whether a pre-
shaper is used or not, etc.). Furthermore, there would need to be versions for each display (e.g. transforms
for both Rec. 709 and P3).
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One of the benefits of having standard transforms is that product vendors can craft their implementation of
the ACES transforms to perform best for how their product works (e.g. using exact math, or a specific LUT
structure). Furthermore, the transforms necessary for viewing on a wide variety of displays are provided with
the ACES release. Given that these will be built into the products, it is not necessary (or even desirable) to
require post-production engineers to build the same type of large LUT collections.

Furthermore, ACES was designed for archiving use (similar to a negative that includes the creative color
timing). Whether the Look Transform is baked in or included along with the unmodified ACES files, in either
case, it is necessary for the Look Transform to exist separate and distinct from the Output Transform.

For these reasons, it is very important for products to allow users to utilize separate Look Transforms that are
not combined into an Output Transform.

Ideally, products should allow the Look Transforms to be easily toggled on and off since it is often useful to
see the “neutral” or “reference” ACES rendering on its own, without a look.

4.3 Terminology

ACES Output Transform — The transform that converts ACES2065-1 colors to code values for a particular
output device. This is the combination of the RRT and an ODT. (Please see Appendix [A]for definitions of the
non-user-facing engineering terminology.)

Look Transform — Generally, a color transformation which affects the entire image to a particular creative
effect. Specifically in this context, an ACES Look Transform is the user-facing term for an LMT. The input
and output color space of an ACES Look Transform is ACES2065-1. Please refer to “Academy TB-2014-010,
Design, Integration and Use of ACES Look Modification Transforms.”

Viewing Pipeline — The complete set of color transforms needed to convert color values from the products
working space into code values to be sent to a display device. This includes the Look Transform(s) (if
present), and the Output Transform. It may also include adaptor transforms needed to convert between a
working space and ACES.

Working space — The color encoding used to modify (or create) images. In other words, the color space that
the algorithms (color grading, compositing, CG rendering, etc.) work in. Products typically convert each
source into a common working color space, perform some operation, and then convert to another color space
for display or output. In order to achieve interoperability among products, a given operation (e.g. ASC CDL)
must be applied in the same working space.

NOTE: The terms RRT and ODT are engineering-centric terms and their use in products is deprecated.

4.4 Guidelines

441 Naming of menus

The strings “Look Transform” and “Output Transform” are suggested for labeling what the user is selecting
(e.g. the text next to the UI widget that contains the set of options). The word “Transform” may be omitted if
it is clear from the context.

4.4.2 Naming of transforms

Products will choose the “user friendly” name for transforms. It is highly recommended to use (or at least
base) the string on the user-friendly name metadata included in the transform files. The recommended name
for the Output Transform is contained in the ODT transform file.

4.4.3 Unique identification of transforms

Products should make it possible for users to see the official transform identifier string associated with a
transform. As this is a technical string, it is reasonable to put this somewhere separate from the user-friendly
name (e.g., in an “Advanced Info” dialog box). The transform identifier may be referred to as the “Transform
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ID.”

Because the transform identifier for ODTs is incremented whenever the RRT changes, for the Output Trans-
form it is sufficient to provide the transform identifier from the corresponding ODT.

4.4.4 Completeness

Products should enable users to select any of the Output Transforms included in the Academy releases.

4.4.5 Ease-of-use

Products should arrange their user experience in such a way that the user is not overwhelmed by needing to
select from overly long lists of transforms. One method for doing this is to have both easy and advanced
modes. Another method is to present a short list of the most likely transforms but also provide a way for the
user to browse to find older, less common, or more specialized transforms. Another method is to filter the list
of options. (This set of suggestions is intended to be illustrative rather than exhaustive.)

4.4.6 Handling other outputs

If in addition to viewing media on a display, the product also allows users to create new files, it may be
necessary to allow the user to bake in an Output Transform that is different from the one they are using with
their current display. For example, the user creates content on a broadcast monitor but needs to produce
output for web viewing (i.e. SRGB).

Also, in some products it is useful to allow other options. For example, in some VFX use-cases it is necessary
to deliver media in the same format as the originals. In this scenario it is useful to allow an inverse IDT to
be applied on output. (It is hoped that over time, this use-case will no longer be necessary and files may be
exchanged using the ACES2065-1 encoding and ACES container format.)

4.4.7 Assigning appropriate default transforms

In many cases, there will be information available to the product that could guide the selection of the Output
Transform. For example, the user may have already indicated elsewhere in the UI or during the installa-
tion/setup of the product what display device is connected. Also, it may be possible for a product to default
to the most appropriate Output Transform based on the context (e.g. the user is doing video mastering).
However, users should always be provided a method to over-ride any automatic transform selection.

4.4.8 Separate Look Transforms

The Look Transform is an integral part of the ACES system and products should enable users to select one
or more Look Transforms to be applied in the viewing pipeline before the Output Transform. It is important
to support the case where the Look Transform is separate from the Output Transform.

5 Versioning

Anyone who has followed the rapid development of digital cinema technology is familiar with the fact that
manufacturers regularly revise their color science as the state of their technology advances. For example,
several of the leading digital camera manufacturers are already at version 3 or higher of their color science.
As may be seen in the products that support their SDKSs, each has their own method of indicating version
choices.

Likewise, given the challenges in developing a color management framework that meets the needs of all parts
of the industry, it is expected that version 1 of ACES will not be the last. By provisioning for this eventuality
now, it is hoped that some amount of confusion may be lessened in the future.

Furthermore, it is anticipated that many products will want to support the pre-release ACES versions for some
additional period of time to support users with projects created with the pre-release transforms.

Therefore, the ACES UX design needs to clearly identify which version of ACES is being used and the
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method should be as similar as possible amongst implementations.

Each of the components of ACES will be versioned and there is also a version assigned to each ACES
Release (consisting of transforms, specifications, and guidelines). See “Academy S-2014-002, Academy
Color Encoding System — Versioning System” for further details.

The ACES components have version numbers with major, minor, and (in some cases) patch components.
Product manufacturers should keep in mind that end-users will not be familiar with the detailed semantics
of ACES versioning and should take care to show an appropriate level of detail. All components built for
a given ACES System version must be compatible with each other. Therefore, in some contexts it may be
desirable to only show the major, or major and minor, parts of the version.

5.1 Guidelines
5.1.1 Display of ACES Release version

Users should be shown the ACES Release version being used in the product. At a minimum this should also
be used in the name of the ACES Output Transforms.

The suggested end-user string for the first official ACES Release is “ACES 1.0.”

The suggested end-user strings for pre-release versions of ACES are “ACES 0.1,” “ACES 0.2,” and “ACES
0.7”

5.1.2 Use of appropriate default versions

For new work, the current version of ACES should be the default. It is suggested that products somehow
structure the UX so that users are guided to select transforms for the current version, e.g., by filtering the
transform options so that users “see the current version first.”

When loading work based on earlier platform releases, the transforms for that release should continue to be
used.
5.1.3 Availability of earlier ACES Releases

Products should allow users to access all of the ACES Releases. For example, even after ACES 3.0 comes
out, users should still be able to use ACES 1.x and ACES 2.x transforms. This may (and, in fact, should)
require more work from the user than accessing the current version.

Support for the pre-release versions of ACES is suggested but optional.

5.1.4 Display of ACES Transform Identifier

Products should provide a way for users to see the ACES Transform Identifier string associated with a trans-
form they have selected via the UI (see[Section 3.4.3|and [Section 4.4.3)).

6 Naming of color spaces and encodings

The pre-release versions of ACES focused heavily on the transforms from input devices and the transforms
to output devices. However, the overall user experience of ACES goes beyond these device color transforms.
If the working space used in a product is not properly chosen, this can easily cause problems for users.

A full discussion of working spaces and color encodings is beyond the scope of this document and a proper
introduction to those topics will be provided in a separate document. However, this section provides a concise
description intended to set the necessary context for the UX requirements.

As defined above, a working color space (or working space) is the digital representation of color that a product
uses to edit or create images—it is the representation manipulated by the algorithms that embody the product.
In the field of color science, a color encoding specification is a method for digitally encoding color that is used
to communicate a color appearance. The specification should include information such as the color primary
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set and the non-linearity (if any) applied prior to digital quantization. This essentially provides a mapping
between the digital code value and a color stimulus. In addition, it is important that the specification also
describe the intended viewing environment so that the appearance of that color stimulus may be estimated.

The SMPTE 2065-1:2012 color encoding specification is not always the most appropriate choice for a work-
ing space. Indeed, the use of the ACES color transforms does not require that the 2065-1 space be used as
the working space.

In some pre-release implementations of ACES, the 2065-1 space was used in contexts where it was not
entirely appropriate because of implicit assumptions embedded into the design of the algorithms being used.
For example, some algorithms assume a logarithmic or gamma-encoded working space and the use of a
scene-linear encoding such as 2065-1 caused controls to behave unexpectedly. As another example, some
algorithms have had trouble dealing with the extremely wide 2065-1 primaries.

To address these problems, a set of working spaces is recommended to improve the ACES 1.0 user experience.

It is noted that since the transforms provided in the ACES Release often expect inputs/outputs to be encoded
in the 2065-1 color space, products may need to insert “adaptor” transforms as necessary to convert into or
out of the working spaces. This should be transparent to end-users.

6.1 Primary sets

It is often useful to be able to refer to a set of primaries (i.e., color space chromaticities) separately from
a complete color encoding specification (which would include a non-linearity, viewing environment, etc.).
Hence this document introduces names for the color primary sets used in ACES color encodings. Please note
that the ACES primary sets are neither working spaces nor color encoding specifications. Rather, they are
building blocks that may be used as part of a color encoding specification.

ACES Primaries 0 (APO) — The color primaries used in the SMPTE 2065-1:2012 color encoding specification.
These are very wide gamut primaries that allow the entire spectrum locus to be represented using only positive
values.

ACES Primaries 1 (AP1) — The color primaries used in the ACES 1.0 working space color encoding specifi-
cations. These are wide-gamut primaries that are a bit larger than the primaries used in ITU-R BT.2020.

The use of the term “Rec. 2020+ to refer to AP1 is discouraged. The ITU-R BT.2020 specification is a video
encoding that has a gamma, a D65 white point, and an associated viewing environment, none of which apply
to API1.

Since AP1 is narrower than APO, some RGB values that are all positive when using APO, may have a negative
component when represented using AP1. If the algorithms being used in a product cannot handle negative
values, care should be taken when converting into a working space using AP1.

Please note that since these are not actually color spaces, the usage of these acronyms in virtually all product
Uls is discouraged. In particular, it is not advisable to combine the primaries and the “gamma” into names
such as “AP1 (gamma 2.2)” and “AP1 (linear)”. Instead, please use the working space names below.

6.2 Color encodings and working spaces

The following color spaces are included as part of the ACES System. Each is designed for a specific type of
end-user task. Please note that the full color encoding specifications of these spaces is found in accompanying
documents. The recommended naming is as follows:

ACES2065-1 — This is the recommended end-user name for the color encoding defined in SMPTE 2065-
1:2012. This is the color encoding used for storing images in the SMPTE 2065-4:2013 container file format.

ADX — This is the Academy Density Exchange color space defined in SMPTE 2065-3:2012. It is the rec-
ommended storage space to use for film scans and should be stored in the SMPTE 268M:2003 Am1 (DPX-
amended) container format.

Page 14 March 29, 2016



TB-2014-002 ACES Version 1.0 User Experience Guidelines

ACESproxy — This is the light-weight color encoding used for transmission over HD-SDI. (It is not intended
to be stored or used for final production imagery.) This color encoding has been revised for the ACES 1.0
release. The names of the pre-release versions of this encoding are ACESproxy10 and ACESproxy12.

ACEScc - This color encoding is intended for use as a working space in color correction or color grading
products. This space uses the AP1 primaries and a logarithmic non-linearity.

ACEScg — This color encoding is intended for use as a working space for visual effects and animation tasks
such as compositing or CG rendering. This space uses the AP1 primaries and is a scene-linear encoding.

6.3 Guidelines
6.3.1 Availability of an ACES working space

Products should provide users with the option of using the ACES working space that is appropriate for the
given type of product (other working space options may also be provided).
6.3.2 Naming of ACES working spaces

Products should use the working space names provided above in their UI (names of primary sets should not
appear directly in the UI).

7 ACES Container

Please refer to the SMPTE ST 2065-4:2013. This is an image file format (based on OpenEXR) for storing
images in the ACES2065-1 color encoding.

The recommended end-user name for this file format is an “ACES container.”

7.1 Guidelines

7.1.1  Assigning default color space
When reading ACES container files, the color space should default to ACES2065-1.

7.1.2 File metadata

Products should read and write the metadata in the header of the container file as per the SMPTE specifica-
tion.

8 Common LUT Format

Please refer to the document “Academy S-2014-006, A Common File Format for Look-Up Tables”. This
format provides a method of encoding color transforms that are easier to apply in real-time than CTL trans-
forms.

The recommended end-user name for this file is the “Academy/ASC Common LUT Format” or “Common
LUT Format.” The recommended file extension is “.clf”.

9 ACES clip metadata

Please refer to the document “Academy TB-2014-009, ACES Clip-level Metadata File Format Definition
and Usage.” This metadata is primarily used to specify the color transforms that should be applied to the
associated set of image files.

The recommended end-user name for this file is the “ACES Clip Metadata” file. The recommended file
extension is “.xml”.
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Appendix A

(informative)
Engineering block diagram

shows the relationship of the recommended end-user naming provided in[Figure T]to the engineering-
centric block diagram that may be familiar to adopters of pre-release ACES. As noted above, the acronyms

such as IDT, LMT, RRT, and ODT are oriented towards color scientists and post-production engineers and
are discouraged from use in products.

working space

.g. ACES
g oo} (optional)

Input Transform o\ Look Transforms Output Transform

N\

input —= IDT ——» ACES —| LMT1 |...] LMTn > RRT | ODT » display
(camera, {monitor,
film, CGl) projector)
(e.g. day-for-night)
ACES viewing pipeline

Figure 2 — End-user naming shown in relation to the engineering-centric block diagram

Engineering-centric acronyms

IDT (Input Device Transform) — Converts colors from an input device (such as a digital cinema camera or
film scanner) into ACES2065-1 color space. Please refer to Academy P-2013-001.

LMT (Look Modification Transform) — Imparts an image-wide creative look to the appearance of ACES
images. The input and output color space is ACES2065-1. Please refer to Academy TB-2014-010.

RRT (Reference Rendering Transform) — Converts the scene-referred ACES2065-1 colors into colorimetry
for an idealized cinema projector with no dynamic range or gamut limitations.

ODT (Output Device Transform) — Takes the output of the RRT and applies additional dynamic range com-
pression and gamut adjustment followed by encoding of the desired colorimetry for a specific display device
calibration aim.

NOTE: For the reasons discussed earlier in this document, usage of these terms in product user interfaces is
deprecated.
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