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Colour Spaces Part 1
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This module is split into 6 chapters and will cover the following topics:
· Introduction
· Chapter One: What is a colour space and why should we care?
· Chapter Two: Different display colour spaces
· Chapter Three: Calibration
· Chapter Four: Camera colour spaces
· Chapter Five: Colour management and grading with scene referred images
· Chapter Six: Conclusions
Introduction
In this module, we will focus on how we represent colours in a digital world with colour spaces. This is a very broad topic, so we will cover enough detail to help your understanding. 
We will cover colour spaces over the course of two sessions. In the first part, we will discuss the way colours are represented on different displays and how digital cinema cameras deal with colour. In the second part, we will go in-depth on dynamic range and the difference between SDR and HDR displays.
[bookmark: _Chapter_One:_What]Chapter One: What is a colour space and why should we care?
With content being consumed in various different ways today, it is not uncommon to have to prepare your production for delivery to different exhibition formats. On high-end productions, we may need to deliver versions for cinema, streaming and linear TV broadcast. 
And besides the fact that viewers might consume these versions in different environments, ranging from a blacked-out cinema to the living room to watching on a phone on the train, there is one other important difference that we need to be aware of when preparing a production for all these different formats.
Different display types make use of different colour spaces. At its core, a colour space defines for a certain type of display which colours and which contrast range between black and white it should be able to show. It’s a way to translate digital values to colourful images consistently.
The decision on what colours and contrast range a display should be capable of isn’t just up to the display manufacturers; this is something that we’ve agreed upon within international standards bodies, to ensure that colours will look roughly the same on every monitor and therefore our content will look similar across all devices.
Why do we need to be aware of this while preparing our production? Because we will need to deliver different versions of our film, series or content to look correct on different displays. This means that our deliverables need to be encoded in the same colour space that’s used by the display type it is meant to be shown on. And as some of those display types can show considerably more colours and contrast range than others, this does not just have technical but also creative implications.
[bookmark: _Managing_conflict][bookmark: _Chapter_Two:_][bookmark: _Chapter_Two:_Development][bookmark: _Chapter_Two:_Different]Chapter Two: Different display colour spaces
Nowadays, we mostly make use of three different colour spaces for three different types of consumption: broadcast, theatrical, and video-on-demand.
Colour spaces are often mapped out onto a CIE Chromaticity chart, which depicts all the different colours the human eye can see; this is known as the visible spectrum. 
The centre of the chart shows shades which are very close to white, and the further outwards we move from the centre, the more colourful the colours become. We refer to more vibrant colours as being more saturated, while more pastel colours are less saturated. The hue is the direction you go from the centre of the chart, for example, more towards the red or more towards the green. In other words, the hue defines which colour we are talking about, and the saturation defines how vibrant that colour is.
The colour space that is used for broadcast HDtv and a lot of computer displays is called Rec. 709. This colour space can cover a decent chunk of the visible spectrum, but it lacks deeper greens and blues, making it hard to realistically show all the colours that can be found in nature. Besides the colours that can be covered, the contrast range is another part of what defines a colour space. 
The contrast range is the difference between the darkest and brightest pixels that can be shown. The contrast range of Rec. 709 displays is limited and considerably less than the amount of contrast our eyes would be able to see in the outside world. 
Our second commonly used colour space is called DCI-P3 and was developed when we moved from film to digital cinema projection. The DCI-P3 colour space covers a larger part of the visible spectrum, so the additional colours that are provided make it much easier to create lifelike images.

In terms of contrast range, the two standards are similar in their capabilities, but encoded in a very different way. This means that if a DCI-P3 encoded image is displayed on a Rec. 709 display, it would look too high contrast. It would be the same the other way around, a Rec. 709 image would look washed out when shown on a DCI-P3 projector.
The third and final colour space worth mentioning here is called Rec. 2020, which is commonly used for HDR content and displays. The Rec. 2020 standard encompasses an enormous amount of different colours, even a lot of colours that don’t naturally exist but are only found in colourful neon or laser lights, for example. This standard was developed without any display in the world being capable of actually showing all these colours, and it is still mostly an aspirational target. Nonetheless, most HDR displays will follow the Rec. 2020 standard and will show as many colours as possible. When Rec. 2020 is used for HDR content, it is coupled with a contrast range that far surpasses those of the Rec. 709 and DCI-P3 standards. This means that we can create images that are a lot closer to what we can see in the outside world both in terms of colours as well as the contrast range. 
We will elaborate on the topic of High Dynamic Range in the second part of this series on Colour Spaces.
If we have these three different standards in mind, it is understandable that when we deliver a Rec. 2020 HDR version of our production first and then have to also deliver a Rec. 709 version for TV, that this is not a straightforward conversion from one to the other. We will be throwing out a major part of the contrast range and available colours. Doing that is a creative process, as deciding on the right way to paint the same picture with fewer colours is not something that is purely driven by maths or technology. How we deal with this will be covered in the chapter on colour management and grading with scene-referred images.
[bookmark: _Chapter_Three:_Production]Chapter Three: Calibration
Every display will need to be fine-tuned to follow the agreed-upon colour standards as closely as possible. This fine-tuning can be as simple as altering the brightness, contrast and colour controls on your TV at home to your own liking. But if you want to be sure that a display gives an exact representation of the image, you will need to calibrate it. During the calibration process, a monitor is measured and adjusted to match the specifications as closely as possible, ensuring accurate viewing during post production.
 In a good colour grading room, we will find a reference display that is fully calibrated to one or multiple standards. The colour grading should always be done on such a reference display, as that is the only source of truth before a production leaves the post facility and goes out into the wild.
Typical cinemas will be calibrated too, although not as often as a reference display. Also here this is done to ensure that the cinema will show images as close as possible to what they looked like in the grading room. Obviously, with consumer TV-sets it’s a bit more of a Wild West situation, where display manufacturers would typically set the default of a TV-set to be as bright and colourful as possible, often surpassing the colours and contrast defined in a standard. However, most TV sets have at least a cinema, pro or filmmaker mode that you can set it to to get a closer match to the grading room.
[bookmark: _Giving_constructive_feedback][bookmark: _Chapter_Four:_Post-production:]Chapter Four: Camera colour spaces
As with our different display types, cameras will also record images in a specific colour space, which is often a proprietary colour space created by the camera manufacturer. In some cases, you would be able to record straight to one of the display standards, but the downside of that is that you would then limit yourself to the amount of colours and contrast range of that display technology.
The proprietary colour spaces of cameras on the other hand are capable of recording even larger amounts of colours and contrast range, giving far more flexibility in post to decide on what you would like to see and how. These would typically follow logarithmic encoding, which you can identify by the name that the manufacturers give to their colour spaces, like ARRI LogC4 or Sony S-Log3 for example.
We won’t get into the maths of log encoding here. What matters is that these colour spaces aren’t designed to be viewed as they are. So if you play Log camera footage on a normal Rec 709 monitor, it will look flat, washed out and less colourful than you expect. That’s just because there is a mismatch between the colour space the file was encoded in and the colour space that the display is set to and expects to receive as images.
These colour spaces efficiently and effectively store as much information as possible from the camera sensor. We call them ‘scene-referred colour spaces’ to distinguish them from the ‘display-referred colour spaces’ that ARE meant to be fit for consumption on a display.
[bookmark: _Chapter_Five:_Post]Chapter Five: Colour management and grading with scene referred images
During the colour grading process, we will monitor the image on a reference display that was calibrated to the colour space standard that is specified in the delivery specifications. While looking at that display, we will make decisions on how to make use of all the information that the camera recorded within the limited capabilities of our display. 
We could do this by just starting to look at the Log encoded images in their washed-out state and colour correcting them until they looking aesthetically pleasing. But in doing so, we are only making images of one specific camera type look nice on one specific display type. This is not the most efficient way to approach the grading.
After all, almost every production will make use of various different cameras, each with their own proprietary colour space and we have to deliver to different exhibition formats with their respective colour spaces. We want to avoid having to deal with all the different sources in different ways as well as having to redo the colour grading for different delivery standards. This can be done by making use of a colour management framework, which essentially consists of a collection of mathematical transformations that make the different inputs and outputs behave and look similar. This process happens in the background of our grading software, but needs to be activated by the Colourist or Post Production Vendor.
That isn’t to say that all cameras will magically look the same, nor is it a way to remove the need for some manual corrections in the grade for different display types, but it does drastically reduce the amount of manual labour that is needed when no colour management is in place.
One of those colour management frameworks, and probably the most well known one, is called ACES, short for Academy Color Encoding System. ACES provides a set of documented transforms between colour spaces, is implemented in almost all professional video processing software and it is an open-source initiative, run by a lot of great minds in the industry. ACES is used quite commonly in various types of productions.
Every colour management framework has pros and cons in regard to workflow and the creative process. Therefore, some Colourists or Cinematographers would rather make use of proprietary frameworks provided by manufacturers like ARRI, RED, BlackMagic and Filmlight instead of ACES. The choice for a specific colour management framework is an important choice that is best done before the start of shooting, to ensure that monitoring on-set and the processing of dailies and editorial rushes will be done in this same framework. If such a workflow is set up correctly and well in advance, this increases the likelihood of everyone seeing exactly the same and the correct images in every step of the process, reducing opportunities for confusion and the risk of getting used to an incorrect image.
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To conclude, our takeaways on the topic of colour spaces are:
· A colour space is a way to agree how to store colour information in a digital file and how to translate that back to viewable colours on a display. 
· Different display types use different colour spaces, making it necessary to provide different versions of your project for the various delivery requirements. 
· Therefore, it is important to know before you start shooting what different formats you will have to deliver your production to. This will help define how much time you will need in final grading, how many grading passes you need and what your delivery list will look like.
· There is a difference between display-referred and scene-referred colour spaces
· Putting a colour management framework in place makes it easier to navigate the various different inputs and outputs, and is a decision that should be taken ideally before start of principal photography, with input by your Cinematographer, Colourist, VFX Supervisor and Post Production Supervisor. 
· Having a healthy colour managed workflow helps create predictable and trustworthy images.
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