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Colour Spaces Part 2
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This module is split into 6 chapters and will cover the following topics:
· Introduction
· Chapter One: How colour spaces evolved
· Chapter Two: What is dynamic range?
· Chapter Three: What does HDR look like? 
· Chapter Four: The implications of HDR delivery on the production and post-production process
· Chapter Five: HDR delivery formats
· Chapter Six: Conclusions
Introduction
This module is the second part on the topics of colour spaces and dynamic range. In the first part, we covered what defines a colour space, how different types of displays deal with colours and how cameras typically use their own types of colour spaces. We also explained the process of colour management. We recommend you refer to the previous e-module before you start this one.
In this second part, we’ll be going in-depth on dynamic range and the difference between SDR and HDR displays.
[bookmark: _Chapter_One:_What][bookmark: _Chapter_One:_How]Chapter One: How colour spaces have evolved
In Colour Spaces Part One, we introduced the Rec. 709 colour space, which was a key part of the HDTV standards and was developed in the 1990s.
Rec709 aimed to represent the largest possible amount of natural colours that were technically achievable by displays at the time.
Within that same standard, we also stated that reference monitoring of a Rec709 device should aim to achieve a certain brightness level. This level was set at 100 nits, which is an industry-standard scale to measure light intensity. However, it’s fair to say that 100 nits in brightness is not very bright for a monitor in your living room.
As time passed, TV manufacturers created increasingly brighter displays, causing a mismatch between the defined standard and the display capabilities. The effect of this was that it became unpredictable whether a viewer at home was seeing the same colours as intended in the grading suite. In other words, consumer electronics had outgrown the standards that had been written for it. This meant that we needed to set new standards for those brighter displays and with that came HDR.
[bookmark: _Managing_conflict][bookmark: _Chapter_Two:_][bookmark: _Chapter_Two:_Development][bookmark: _Chapter_Two:_Different]Chapter Two: Different display colour spaces
When we mention dynamic range in relation to images, we are talking about the difference between the highest white and the lowest black in an image. 
One way to measure this difference is in the amount of ‘stops’, or the amount of times the light intensity doubles. The dynamic range between full summer sunlight and pitch-black night is over 30 stops. 
The human eye can discern a limited amount of stops of dynamic range at once, but because we can open and close our irises and adapt for brighter or darker environments, we can ‘choose’ the range we want to see at any moment in time As a generalisation, we could say that it is comfortable for our eyes to look at images that show a dynamic range of around 12 stops. Above that range, we start to notice that we need to adapt.  
Digital cinema cameras do a similar thing when we close or open the aperture to let less or more light go through the lens onto the camera sensor. Most of those cameras can record well over 12 stops of dynamic range and have done so for over a decade.
For a long time, it was our displays that were the bottleneck for dynamic range. If we look at our Rec709 TV sets that were supposed to reach around 100 nits of brightness, they were expected to be able to show us 6 or 7 stops of dynamic range, a lot less than what the human eye or our professional cameras can see. Now that TV sets can reach way beyond that 100 nits peak brightness, we finally have a large enough contrast range to open the door to new standards.
Most modern displays you can buy today reach 10 to 12 stops of dynamic range, which we refer to as High Dynamic Range - or HDR – displays.
The fact that displays have increased in terms of dynamic range is not just because of the higher brightness capabilities, but also because the shadow detail and black levels have become better. It’s about the full range, not just one end of it.
With HDR technology entering the market, we’ve started to retrospectively refer to older display technology like the Rec709 standard as SDR, or Standard Dynamic Range.
[bookmark: _Chapter_Three:_Production][bookmark: _Chapter_Three:_Calibration]Chapter Three: What does HDR look like?
As previously mentioned, high dynamic range displays provide the possibility to show contrast ranges that are similar to the limits of what our eyes can register. 
This means that images can become more lifelike, more realistic and with the perception of more depth. For example, let’s think about a night scene, lit only by torches or a bonfire. In SDR, we always have to choose to either show details in the shadows but have the flames be burnt out, or the other way around. So, to show detail in the flames at the expense of losing detail in the dark areas of the image. With HDR, we can show both at the same time because we can extend that contrast range to open up the otherwise burnt-out highlights in the flames.
Besides having a larger contrast ratio or dynamic range, HDR standards also make use of a wider colour pace like P3 or Rec2020. We learnt about these colour spaces in Colour Spaces Part 1. The combination of the higher dynamic range and the wider colour space means that we can create images on HDR displays that are very close to what we would see with our eyes in the outside world. 
In other words: We can make the images more realistic, but we don’t have to. 
We can creatively choose if we want to make use of the full wider spectrum or a portion of it. HDR is not a look, it is a delivery format that provides a larger canvas to do our creative work on, anyway we choose. 
Another misconception is that HDR content has to be bright. Once again, it is a choice to use the full brightness that is available to us, but we don’t have to. The extent to which the wider palette is used is a creative decision. 
It is even technically possible to create the exact same image that we might have made for Rec709 SDR delivery within the HDR container.
[bookmark: _Giving_constructive_feedback][bookmark: _Chapter_Four:_Post-production:][bookmark: _Chapter_Four:_Camera]Chapter Four: Implications of having to deliver an HDR master
Most major international streamers ask for an HDR delivery, as do many major studios and local streamers. Broadcast delivery is mostly still SDR, although that will gradually shift to HDR as well. 
Does delivering your production in HDR change your process? The simple answer is: it depends. Because HDR gives you a wider range of colours and contrasts to choose from, there are more options available, and this can impact other aesthetic decisions. For example, in your lighting, framing, production design, wardrobe and make-up, you can choose to use the wider dynamic range that HDR offers, but also the extra colour detail that comes with working in HDR. This depends on personal preferences and previously decided workflows, which is why some filmmakers would describe the changes as minimal while others consider it a paradigm shift.
It is highly recommended during pre-production to discuss the look and feel of the production, to exchange references and finally, to shoot representative test materials that you will review together in the HDR grading suite. If this is done, everyone should be aware of what, if anything, changes for them because of the HDR.
Choosing the right camera for your production requires good communication between the camera, production and the picture post departments, as well as undergoing rigorous testing. 
On the technical level, if you want to deliver HDR, it is important to make sure that you shoot with a camera that 

· shoots in a scene-referred colour space;
·  records in a RAW or a high-quality codec;
· records in at least 10-bit;
· uses a high-quality data rate;
· has an adequate sensor for high dynamic range.
Ideally, we would monitor our camera signal in HDR on-set. Until recently, that was not feasible for most productions because suitable HDR displays were too expensive. This is rapidly changing, putting the option to have at least one HDR monitor on-set within range for most productions in the near future. Having this option on-set helps you to have a better idea of what the extra dynamic range will bring to the images that are being shot.
What about the grading?
The biggest changes in workflow when delivering for HDR take place in the grading room. Here, we will typically start grading our production on an HDR reference monitor, looking at the full palette that is available to us. 
After we’ve finished the HDR grade, we still need to create an SDR derivative version for those viewers who don’t have an HDR- compatible setup at home. The way to get to this SDR version depends on the delivery format that is required by our distributor or broadcaster. We will get back to that in chapter 5, HDR delivery formats.
It is not uncommon for some of the source footage of a production to only exist as an SDR display referred version, for example, with archival footage or graphics. In this case, we would need to make sure that the images appear pleasing when placed into an HDR project. On the technical level, this is simple when a project is properly colour-managed. On a creative level, these images will need to be reviewed shot by shot as the Colourist will need to decide how best to balance the SDR material with the HDR material.
[bookmark: _Chapter_Five:_Post][bookmark: _Chapter_Five:_Colour]Chapter Five: HDR delivery formats
You may have noticed that we refer to TV and home cinema almost exclusively when talking about HDR. That is because HDR for cinema is still in its infancy. Top-tier Dolby Cinema venues will present an image with a higher dynamic range than our old cinema standards, but the real revolution is currently taking place in the home.
As is common when new technologies are being introduced, we are dealing with some competing HDR standards, such as:
· HDR 10;
· Dolby Vision;
· HDR Vivid;
· HDR 10+;
· and HLG, or Hybrid Log Gamma
These all have different benefits and drawbacks.
One thing that all these standards have in common is that the TVs and displays that support one or multiple of these standards will also be able to display traditional SDR content. 
That means that the display needs to know what type of content it is receiving, to make sure that it shows the content correctly. Most HDR standards rely on metadata to be sent with the media. This metadata specifies the HDR standard and is therefore a crucial part of the goal to have a closer match between what the viewers see and what was seen in the grading room.
The main differences between those competing standards are that:
· Firstly,
· HDR 10, Dolby Vision, HDR Vivid and HDR10+ are predominantly used by streaming media companies, whereas HLG is made for and used by broadcasters to bring HDR to live TV and sports.
· Secondly:
· Dolby Vision, HDR10+ and HDR Vivid provide specific metadata to inform the display about what the content should look like. This metadata will be used to adapt to the display and adhere to the creative intentions of the Colourist. We call this process tone mapping or highlight roll-off. HDR10 provides very limited metadata for this same process, giving less certainty about the preservation of the creative intent. HLG provides no metadata on how to tone map the content to the display’s capabilities. Meaning that in theory, HLG is a format that is backwards compatible with older SDR displays. On SDR displays, HLG images won’t look exactly as intended but will be an approximation. 
· And finally:
· The metadata delivered with Dolby Vision, HDR10+ and HDR Vivid masters also describes what an SDR version of the same content should look like. This enables filmmakers and content creators to deliver one single master that a distributor can use to create both HDR and SDR derivatives. With HDR10 on the other hand, it will be necessary to deliver a separate SDR master. With HLG,  in theory, a single master can work, but in practice, it is still wise to also deliver an SDR master.
Which of these standards you will have to adhere to depends exclusively on the delivery requirements of your distributor or broadcaster. Typically, you will find that broadcasters ask for HLG delivery, whereas most major streamers prefer or require a Dolby Vision deliverable. Online video platforms might accept both HDR 10 as well as HLG.
Your HDR delivery standard only impacts your workflow within the grading suite and won’t affect your production choices. This is because the different standards require different methods to create an SDR derivative version, and the delivery process is different. Your post-production house should be aware of the differences and can guide you through the delivery process. 
To decide on the right workflow, it’s important you discuss this with your: 
Cinematographer
DIT
Colourist
Post Production House
Post Production Supervisor
Producer
Distributors
[bookmark: _Conclusion][bookmark: _Chapter_Six:_Conclusions]Chapter Six: Conclusions
To conclude, our takeaways from this session should be:
· High Dynamic Range is an umbrella term for a group of new standards. 
· These standards provide a way to make use of the higher technical capabilities of modern displays.
· HDR content doesn’t have to be bright and shiny, nor does it need to make use of the full dynamic range provided by the standards. That is a creative decision.  
· The impact of an HDR delivery requirement varies between productions. Therefore, it is important to discuss and shoot representative tests ahead of starting to shoot an HDR production. 
· Different distributors use different HDR standards, but the workflow for all of them is fairly similar.
[bookmark: _TITLE:_BASIC_ONBOARDING][bookmark: _BASIC_ONBOARDING_CHECKLIST]This is the end of the content.
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