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This session is divided into 6 chapters:
· Introduction
· Chapter One: What is resolution?
· Chapter Two: The different standards
· Chapter Three: Is high resolution necessary?
· Chapter Four: Creative and practical considerations around resolution 
· Chapter Five: The resolution of celluloid film
· Chapter Six: Conclusions
Introduction
In this module, we will discuss Resolution.
[bookmark: _Chapter_One:_An]Chapter One: What is resolution?
Most TV sets that are sold today will promote that the TV is 4K-UHD or even 8K capable. We’ve all learnt that higher K-numbers equals good, but let’s look at why that actually is and if that is even true. 
4K, 8K and UHD are all measures of resolution of an image, also commonly referred to as definition, which is one of the ways we define the level of detail that’s present in an image.  
A digital image is built up with pixels, a combination of the words picture and element. You can think of a pixel as a single dot that has a specific colour and brightness. If we make these dots small enough and look at enough of them at the same time in a grid arrangement, we will be able to convince our eyes and brain that we are looking at an image.
A digital display is somewhat like a pop-art painting but with infinitely smaller dots. And the higher the pixel count, the more detail we can achieve. 
When our Film and TV medium became a digital one throughout the 1990s, we moved to images being defined by pixels. In the analogue world, we didn’t have pixels but rather used lines of video to define a broadcast standard. And as different parts of the world used different standards, the resolution required varied across the globe. 
Here in the UK, we used the PAL broadcast standard, which translated to a digital image of 720 pixels width by 576 pixels height. Other standards used slightly different numbers of pixels, but were in the same range in terms of the amount of detail.  
From the late 90s onwards, we started to move on to High Definition Television or HDTV. In the HDTV standard, images would be 1920 by 1080 pixels, resulting in a 16 by 9 or 1.78 to 1 aspect ratio. And as this standard was named High Definition, we retrospectively named the PAL and other older resolutions Standard Definition or SD. 
As a first step towards full HD adoption, we also established an intermediate HD standard of 1280 by 720 pixels, which consumer electronics referred to as HD Ready. Some prosumer cameras might still record in this resolution.  
[bookmark: _Managing_conflict][bookmark: _Chapter_Two:_][bookmark: _Chapter_Two:_Development]Chapter Two: The different standards
In chapter one, we established that SD resolution is 720 by 576 pixels and that HD resolution is 1920 by 1080 pixels. But what are 2K, 4K and 8K then?  
Let’s find out. 
In the module on aspect ratio, we learnt that widescreen TV and widescreen cinema use slightly different aspect ratios. Because of that, the resolution of those two formats are slightly different as well, because we need a slightly different amount of pixels to create this changed aspect ratio.  
An organisation called the Digital Cinema Initiatives or DCI defined that digital cinema projectors should be able to project an image with a resolution of 2048 by 1080 pixels. We call that the container resolution of digital cinema. Within this container, we have names for variations of this standard. We call 2048 by 858 pixels DCI SCOPE, which is a 2.39 to 1 aspect ratio, and we call 1998 by 1080 pixels DCI FLAT, which is a 1.85 to 1 aspect ratio. Be warned, all 3 of those resolutions are referred to as 2K and, in terms of total resolution, are fairly close to the HDTV standard.  
From the mid two thousands until now we see a continuous advance towards even higher resolutions. For cinema, we moved from 2K to 4K, which gives us resolutions exactly double the amount of pixels in width and height as compared to 2K. The result of this is that we have 4 times as many pixels in a 4K image as in a 2K image. And in TV, broadcast and streaming, we moved from HD to UHD, or Ultra High Definition. UHD is defined as 3840 by 2160 pixels, which is also exactly double the width and height of an HD image. And it doesn’t stop there, the latest TVs even boast 7680 by 4320 pixels, which is sold as 8K-UHD or Quad-UHD TV.   
If we compare a 65-inch UHD TV to a 65-inch Quad-UHD TV, the Quad-UHD TV would technically provide 4 times the amount of detail per square inch as compared to the UHD TV.  
We’ve now established that there is a difference between HD and 2K as well as between UHD and 4K. In practice though, it is common for people and marketing messages to mix terminology, causing confusion about what’s what as a result.  
For television, we would typically deliver in either HD or UHD resolutions, but it is not uncommon for the technical specifications in delivery schedules to mention a 4K delivery, where UHD is actually meant.  
Therefore, as a best practice, it’s recommended to confirm the actual pixel count of an image when talking about any of these terms. In that way, you will know exactly what specifications you need to match in your final delivery. 
[bookmark: _Chapter_Three:_Is]Chapter Three: Is high resolution necessary?
The delivery resolution is typically defined by the delivery specifications, but nonetheless, we could question if we need the level of detail that higher resolutions offer us. The answer isn’t clear cut. We know from research that, in general, you will have to sit fairly close to a screen to really appreciate the difference in detail between HD and UHD. But the bottom line is that it depends on the actual images that are being presented. 
For example, images can be shot with lenses that don’t make the images overly sharp and can be both lit and colour graded to have a low contrast ratio. This image will probably look the same in HD and UHD to most viewers. 
Another image may be shot with razor sharp lenses and lit and colour graded to really emphasise all the detail on the actor’s skin. This image will definitely give a different perception of sharpness and detail in UHD as compared to HD. 
All of this is to say that the creative benefits of higher resolution will be more or less, depending on the type of content we look at. More specifically,  the decision to shoot and deliver in a specific resolution is typically established by the technical specifications the primary streamer, broadcaster or distributor will provide. Therefore, it could be that the creative choice for a specific aspect ratio is being hampered by a delivery requirement.  
Most major streamers require UHD delivery nowadays, whereas the majority of independent films might only be distributed and broadcast in 2K or HD only. Most broadcasters are also predominantly asking for HD. 
In general, we do see a move towards higher resolutions as that’s also increasingly what our audiences expect to get delivered to the home. Therefore, when we start thinking about the resolutions to shoot and finish a project at, we typically start by looking at the different delivery requirements that are in place. 
[bookmark: _Giving_constructive_feedback][bookmark: _Chapter_Four:_Post-production:]Chapter Four: Creative and practical considerations around resolution
As with displays and projectors, cameras nowadays can also record in higher resolutions than in the past. 4K, 6K and even 8K are not uncommon acquisition resolutions with contemporary digital cinema cameras. When choosing the right camera for a production, we will make sure that at a minimum, it will record at the delivery resolution, to avoid having to blow up the image from - let’s say - HD to UHD resolution during post-production. This might also be a demand stipulated in the delivery schedule, meaning that the party you have to deliver to might not accept a UHD delivery of a production that was shot on a camera with a resolution below UHD’s 3840 by 2160 pixels. These distributors might also stipulate what the maximum amount of non-UHD material is allowed in the final edit. This can be important when using a lot of archival footage at lower resolutions, for example.
[bookmark: _Chapter_Five:_Post]Even though resolution is not something we would typically consider a key creative decision, it happens regularly that a production is shot at a higher resolution than the delivery requirements stipulate. This will give flexibility to reframe or alter images during post-production, and in some cases, the images might still look and feel a bit sharper because of the higher acquisition resolution. There are other pros and cons to shooting at a different resolution than your delivery, and it’s recommended you discuss the right setup for your project with your Cinematographer and post facilities, as well as always testing your proposed setup before you start shooting. 
On most productions, we will scale our images down at a certain point for efficiency considerations during the edit. For example, when we record a production in a 4K resolution, we would typically create temporary files called editorial rushes in an HD resolution that the Editor will cut with. Working with these editorial rushes is often referred to as offline editing. During the final grading and finishing steps, we will then connect back to the high resolution and high quality source files to make sure we can deliver at the highest possible quality.  
In cases where we don’t want super sharp and detailed images, the choice for specific lenses, filtration, lighting and specific post processing of the images can help mitigate the sharpening effect of the higher resolutions. In that sense, higher resolution acquisition and delivery does provide more options to define the look and feel of a film, where the enhanced sharpness can, but doesn’t have to be, used. 
There is one downside of higher resolution workflows: they are more costly. In most cases, the higher resolution files will result in larger file sizes, meaning a greater need for more storage during production and post-production.  
On top of that, higher resolution gives Visual Effects or VFX Artists more detail to work with, which can be great for the quality of the images - but also takes more time to render and requires more storage. 
[bookmark: _Chapter_Five:_The]Chapter Five: The resolution of celluloid film
With celluloid film gaining traction again over the last few years, let’s have a look at how resolution relates to film. The question ‘What is the resolution of film?’ doesn’t have a simple answer to it though. Film does have a resolution but it doesn’t follow the concept of an equally distributed grid of picture elements as a digital file does. In the end though, we do scan our films to become digital files with a certain digital resolution. 
It is commonly accepted that a resolution between 4k and 6k is sufficient for Super 35mm film. The resulting scan will contain all the detail that the strip of film could contain. We should refrain from saying that film has an exact resolution though, we can only decide to scan it at a certain resolution.  
[bookmark: _Conclusion][bookmark: _Chapter_Six:_Conclusions]Chapter Six: Conclusions
Finally, it’s good to establish that higher resolution does not always equal higher quality. Some cameras can record in 8K but do that with a lot of image compression. The compression might be more harmful than the high resolution is gaining us. In other words, the amount of pixels is just one parameter to define the level of detail and versatility of our images. In some of our next e-learning modules we will look at other quality facets like bit depth, dynamic range and colourspaces.  
The bottom line is that working at higher resolutions will give you the opportunity to work at higher precision but also comes at a cost.  
When you know your delivery requirements, you should decide together with the camera, post and VFX departments what the right resolution for each step in the production process will be.  
[bookmark: _TITLE:_BASIC_ONBOARDING][bookmark: _BASIC_ONBOARDING_CHECKLIST]This is the end of the content.
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