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A note from the author

Visual effects is a complex web of interlinking subjects traversing the whole of movie making. To avoid endlessly retreading the same ground material has been ordered to most efficiently help readers to build their knowledge step by step. Consequently this manual cannot be used like a dictionary to dip into for a quick definition, but is most efficiently used by reading through from beginning to end. Information on most techniques is to be found spread throughout the text. Blue screen for instance is dealt with in every chapter, and although it has a chapter devoted to it at the end, digital technology is also evident in every topic, since it has become all-pervasive.

The best method to achieve any given ‘effect’ is not set in stone and there are always many alternative solutions to any given script requirement. To try to catch the flavour of this a number of very simple shots have been re-used as examples of processes ranging from the oldest ‘in-camera’ to the latest ‘digital post-production’ techniques.

Details of how to operate specific equipment or software have been avoided since they appear and disappear within ever-shorter timescales. Therefore the building bricks of effects planning have been concentrated on – and anyway operating details are very easily picked up once the underlying principles are understood.

Finally, computer generated imaging, 3D or computer animation has only been covered in its association with VFX since it is a vast subject in its own right and covered by many excellent books dedicated to that end.



1 Introduction

DOI: 10.4324/9780080481630-1


‘Visual effects’ is a relatively new term and describes what used to be more appropriately called ‘special photographic effects’. When ‘optical printers’ started to be used extensively in the field, the term ‘optical effects’ was adopted for a short time; then, in the early days of television when the signal went out live, it was called ‘electronic’; with the use of video post-production it became ‘video’; and then, finally, with the invasion of computers, it was termed ‘digital’ effects. During this ever-changing background the term ‘special visual effects’ and then simply ‘visual effects’ (VFX) was increasingly adopted to describe what had once been called photographic effects. However, this term was no longer appropriate, since frequently in their preparation a camera was no longer used.


What makes an effect ‘special'?

‘Special effects’ are created where techniques beyond the ‘normal’ film making procedures are used. That is to say when things might be more complex or time-consuming or involve ‘special’ techniques. The normal photographic (or if you prefer ‘image capture’) process is shown below.
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‘Special’ effects, as currently defined, would be where modifications are made physically to any of these elements or the interfaces between them.Thus, for example, you could set the background or foreground on fire, you could fill the space between them and the camera with smoke or dripping water, or you could physically raise the camera to a great height. These are all physical techniques and in common parlance would be called ‘physical’ or ‘special’ effects. Standing by the camera or indeed anywhere in the set these things would be easily seen and recognized by a human observer.

However, ironically, so called ‘visual’ effects would not necessarily be visible to the casual observer standing nearby. They can be defined as where the components of the photographic process are utilized or modified so as to alter in some non-standard way the passage of light creating the image.Thus, you might replace the background with a photographic element such as a photo-blow-up, filter the light being used on the set in some specialized way, filter or mask the lens, run the camera at an abnormal speed or interfere with the processing between image capture and presentation. All of these might be components in a process to modify the image, but with the final result being unobservable on the actual set.

In a sense, creating successful VFX involves breaking the rules to depict a distorted reality. This requires us to suspend the audience’s disbelief by manipulating their perception. This is the main task of VFX and requires the practitioner to fully understand how the photographic/digital process works and thus be able to create apparently true images which in reality are fully or at least partially fake.The purpose of this book is to understand how the imaging system of film and television presents pictures to the audience so that this process can be re-deployed to give the impression of presenting reality while actually showing something else.


Why create ‘effects'?

The objective of the normal photographic process is to reproduce ‘reality’ where that ‘reality’ consists of whatever is placed in front of the lens as interpreted by the cameraman and director. The aim of visual effects is to create something that does not exist at all, and further, to fool the viewer into believing in its veracity. These are two very different objectives!

There are basically three typical scenarios which call for this. The best known and most obvious is where something that does not exist, nor could exist, is created. This is characterized by the science fiction genre where imaginary robots, aliens and various space paraphernalia need to be depicted.

Slightly less obvious is the situation where, although physically possible, a scene may be simply too dangerous to photograph ‘live’. Perhaps this might require performers to work amongst exploding pyrotechnics or a big dollar actress having to hang over the edge of a waterfall. Even where these things are sometimes deemed perfectly safe and the artistes are willing participants, the insurance companies may think otherwise!

Finally, visual effects can be used to ‘fix’ things. This might involve unintentional errors, which could require expensive reshooting but could easily be fixed in post-production. An example might be a sound boom or light being in shot during a very good ‘take’. Alternatively it is sometimes easier to shoot something which is not ideal and then to fix it, rather than dealing perhaps with mechanical or other difficulties on the shoot. Examples of this might be where old buildings have modern elements which would be difficult to camouflage (such as TV aerials or modern signage) or rigs which make the shot simpler (such as safety wires for actors doing complex stunts).


Film, video, digital and string

It may not always be appropriate to shoot material for VFX purposes in the same medium as the principal photography alongside which it may eventually be cut.The decision as to which medium and format VFX elements are going to be shot with is directly dependent on how they shall be employed and what the specifications are for their final resting place. Thus, for example, if an effects shot was intended to invisibly contribute to a sequence of studio shots made on 35 mm movie film, then video’8 would be a wholly inappropriate medium to shoot those VFX components. On the other hand, if the end result were a corporate video to be distributed on VHS then shooting on 35 mm movie film would also be somewhat wasteful. These examples are very obvious, but less so is where the container for the VFX scenes is being shot on super16 film, whilst the effects components would usually be shot on 35 mm (see Formats, page 18).

Material for effects can be shot on anything: film, video or even string if that can be recorded on. The important thing is to match the recording medium with the target medium in which it will be displayed. If an effect is going to be inserted into a television screen then it could easily be originated on video, even if that TV screen will ultimately be photographed in anamorphic 35 mm. Similarly, if a computer graphic animation is to be inserted into film, video or CD-ROM, then in each case the rendering spec. would be different. In VFX every single case is ‘special’ and must be considered on its own merits.

Importantly, film, video and digital are all acceptable media for recording VFX depending on the final use. They can often be mixed and broadly speaking many techniques are roughly the same in all three. For example, the on-set shooting requirements for rear projection and blue screen are pretty much the same whether it is being photographed using electronic or film cameras. However, each medium is different and there are certain pitfalls to be avoided.


Film

For most cameramen and production people, film is the preferred medium.This is because of its ‘look’, particularly in terms of colour reproduction and contrast. But it also features incredible resolution, has an underlying grain structure and is the equivalent of a video progressive scan system: extremely important in VFX work (see page 17). The contrast range and resolution of 35 mm film far exceeds that of any current video standard, although its full quality can be scanned in to a digital system. Thus, for acquisition, even if ultimately destined to be digitally manipulated, nothing currently beats the quality of film. Film also has the advantage that it separately records the primary colours and so if it is scanned (converted into high resolution digital information) or telecined (converted into video) the colours may be much more easily and extensively adjusted. For systems such as blue or green screen this is a major advantage and film produces better results than the various electronic systems available. Finally, film’s shooting speed is almost infinitely adjustable (assuming use of an appropriate camera). To speed things up you shoot slowly. But, more importantly for VFX, to slow things down you shoot at a higher frame rate. With special cameras extremely high speeds are possible, enabling such things as bullets and explosions to be slowed down to a snail’s pace.

But film does have some disadvantages from an effects perspective. Because of its dependence on being mechanically advanced by a claw pulling on a sprocket hole, film is not always rock steady and can, with badly maintained equipment, be unacceptably imprecise. Because the image is physically present, dirt and scratches will show up, and they can easily creep in at any stage. Film needs to be processed before the image can be seen and checked, which puts a delay into the operation and adds an element of uncertainty to the shoot, since complex shots can’t be definitively approved. Although video assist is used on most VFX shoots it is often not of sufficient quality to enable a full technical appraisal. Despite being one of the elements which contribute to film’s unique ‘look’, grain can be a problem for effects creation. On the one hand it can show through mattes or ‘fizz’ on their edges but, on the other, if it has a different appearance in two elements which are to be combined, then it can intrusively show them as being separate and unrelated.


Video

Most creative staff generally prefer the ‘film’ look, so video is not their medium of choice. This is generally put down to film’s wider ranges of colour, contrast, gamma and resolution. These are valid arguments against the ‘look’ of video and would also work against its use for VFX purposes such as blue screen, which is dependent on colour accuracy.

There are, however, two other elements which contribute to the film look in some people’s eyes, and which make effects-work more difficult. These are grain and stability. Film has grain, which moves from frame to frame and can cause problems, whereas video (particularly of the digital kind) effectively does not suffer from this problem at all (unless excessive gain is being used). Film also has an inherent mechanical instability which can be minimized but never totally eradicated without the use of special (time-consuming and therefore expensive) stabilizing software. The video image on the other hand is always rock steady and therefore, from this view, ideal for VFX working.

The main difference between conventional video (including digital) and film is its frame and field structure. This is the major contributor to the difference in look and until just recently has tended to be ignored.

The temporal requirements of the human visual system are twofold. Firstly, for the impression of continuous motion we need to be fed more than 13 images per second. Less than 13 frames per second (fps) we see a series of unrelated static pictures, more than 13 fps we see a continually moving phenomenon. Secondly, to avoid the physiological effects of ‘flicker’ we need to be presented with more than 45 images per second. At less than 45 fps we are very much aware of flickering and it can have the effect of making us feel nauseous; above this speed, however, we see an apparently constant illumination (called ‘persistence of vision’ by the Victorians). In reality this figure varies slightly with the intensity of light and tiredness of the individual observer – but for the sake of this discussion we shall deal with the averages, as did the pioneer investigators.

In the early days of cinema a standard was adopted which elegantly dealt with these two specifications. Films were photographed at 16 fps (giving a safety factor of 3 fps above the 13 minimum, to allow for any variations). When projected, each frame was exposed three times thus giving a frame rate for the spectator of 48 fps (again allowing 3 fps safety margin above the 45 minimum). This was achieved by the simple means of spinning a three-bladed shutter wheel in front of the lens, set to spin one revolution per frame (see the figure below). The three identical exposures for each frame are known as ‘fields’.
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These rates are obviously very near to the minimum and, not surprisingly, ‘movies’ were nicknamed the ‘flickers’. As film producers became large corporations and sought respectability they wanted to improve their image (both physically and socially) and so for prestigious productions they upped the speed. Without the synchronization of sound to worry about they could run any speed they liked, so they simply wrote the chosen speed on the film can and the projectionist dialled it up on his equipment. When sound, originally on synchronized disks, was introduced, this arrangement could no longer be tolerated so a standard had to be established. To do so, on a particular night all of the New York first run cinemas were polled and an average taken. It came to 23, so it was decided to adopt 24 fps as the standard since it conveniently gave the audience the speed they were used to (48 fps) when you showed each frame twice rather than three times. Given the expense of putting in sound gear this was a brilliant solution since it meant that to convert projectors all you had to do was replace the shutter’s three blades with two.

When electronic television was being designed in the early 1930s they had to replicate these mathematics but also overcome the technical limits of the time. One problem was how to run the TV in someone’s home at the same rate as the transmission chain. This was solved by using the frequency of the electricity supply, to which both devices had to be connected. Thus, in England 50 Hz was chosen and in the USA 60 Hz (later modified to 59.94 Hz). In both cases the frame rate was calculated by dividing the frequency in two, giving 25 fps and 29.97 fps, respectively. The trouble was that the circuitry available at that time was not able to scan the chosen 405 lines (441 in USA) fast enough to show each frame twice, and furthermore, they did not have any means of ‘memorizing’ a frame to simply repeat it at the receiver. Thus they came up with the idea of interlace, in which they would scan the ‘odd’ numbered lines in the first fiftieth of a second and then the ‘even’ numbered lines in the second fiftieth of a second. Thus they had all 405 lines 25 times per second, but at the same time, scanned the entire screen 50 times per second fulfilling the flicker requirements.The ‘interlace’ concept has been used in all broadcast television systems ever since and some high definition standards too.

For VFX this has major ramifications which cannot be ignored. In film for TV there are 25 actual pictures per second (24 in the USA), that is to say there are 25 moments of time captured.When it is transferred to video each frame is used twice, once for each field, so therefore, each frame of video represents only one instant in time. Thus, the system very nicely approximates the projection of film in a theatre where the two fields of each frame represent a frozen moment in time. Video-originated material, however, effectively presents 50 actual pictures per second (59.94 in the USA) since each field is a separate scan although at half the full frame resolution. Because of this, film on television has a stuttering appearance because objects moving across screen do so with less positions per second than the same object photographed with a video camera (see the figure below).
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What this means for VFX is that, firstly, material shot on video will apparently move more smoothly and therefore perhaps be more believable. But if a process involves any individual frame by frame treatment, such as drawing mattes by hand, then there will be twice as many to be done for video than for film. On a budget-conscious production this could be a major consideration. Let’s say the mattes take 5 minutes each to draw and that the shot is 4 seconds long, then video would require 500 minutes or around 8 hours more labour than film, and that is just for one shot !

The second problem is that video and film cannot be mixed unless the film is run at 50/59.94 fps and then the frames are converted into fields (see below).
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Imagine putting an actor, shot on film against blue screen, into a video background shot, let’s say with a car moving rapidly through the frame. On frame one/field I, the actor moves and the background moves. On frame one/field II, the car moves but the actor does not (the second field of the film represents the same instant as the first). On the third field (frame 2/field I) both foreground and background move together. Thus an effect would be created which is totally unreal and draws attention to the join between foreground and background (see figure below).
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Compositing conventionally shot film and video material is a ‘no-go’ area.

Two other technical aspects of the interlaced video frame ‘field’ and ‘edit’ dominance have special ramifications for VFX. Firstly is the issue of ‘field dominance’. The video frame, as we have seen, is made up of two fields, the ‘upper’ (odd numbered lines) and the ‘lower’ (even). In the camera stream the upper field is captured first and the lower field second. For normal viewing these fields need to be in the same order as photographed but it is not important which field is first to be read. For example, if playback started on frame 29 field II, then playback frame 1 would be camera frame 29 field II and frame 30 field I (see figure below).
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This would make no difference to watching the programme since all of the frames would be temporally in the correct order. Much broadcast equipment is thus left free to synch up on whatever field is stable first.

Where equipment does determine the order, upper field first is called ‘field I dominant’ and lower field first is ‘field II dominant’. Europe transmits field I dominant but the USA is field II dominant. Most video equipment does not care but digital systems need to be set up one way or the other and must be consistent to avoid disastrous side effects. For instance, if you had a matte and master, and they were supplied on differing field dominance, then the individual frames would never match (see figure below).
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To get them to do so would involve throwing away the first field of whichever was second field dominant thus leaving a homeless field at the end which would have to be discarded too. The result would be one element a frame shorter than the other!

Even worse chaos ensues when a telecine transfers a film second field dominant, because then each video frame consists of a field from each of two consecutive film frames, resulting in freeze frames which have two images superimposed and therefore impossible to draw a matte for. Most old telecine machines don’t discriminate between the fields of a video frame and therefore it is down to chance which way they come up. To prove this, view some off air recorded movies on VHS and then try freeze framing on a scene with fast movement, some films will be fine, but others will have an unpleasant shimmering effect and those are the ones output in field II dominance. For VFX this cannot be tolerated so check up that telecine (TK) machines to be used are set up to be first (upper) field dominant and that your post equipment is also set in this mode for both input and output.

Just to add further confusion, old systems edited between the fields of a frame whereas newer systems edit between the frames. This was because on Quad 2″ (the first broadcast tape format) cuts were originally made with a knife and mid frame. To offer compatibility with material produced in that way ‘B’ format 1″ tape was the same and all later equipment was made switchable. Interframe editing is what we do now and is how all digital editing systems operate but beware the switch that has been incorrectly set because of recent working with archive material or the incompetent video assistant. Field II editing will obviously result in field dominance alternating from one cut to the next – a VFX matte artist’s nightmare come true.

International chaos must also be added to the overall mix. Outside the USA and Japan most of the world is at 25 fps and shoots film for TV at that speed. Cinema films universally shot at 24 fps are run at 25 fps and the slight difference in speed be damned! The USA and Japan, however, run at just under 30 fps and so their film has to be adjusted using a technique called ‘3/2’ pulldown. Here a telecine outputs two fields and three fields per frame alternating, to make up the extra six frames needed to step up 24 fps to 30 fps (see figure below).
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This results in field dominance changing twice every five frames. Since video has inter-field flicker anyhow and film changes dominance because of 3/2 pulldown, the USA, Japan and other National Television System Committee (NTSC) countries had no requirement to change the field dominance with the move from early recording formats and so they remain field II dominant. Equipment to be used for NTSC broadcasters’ work should therefore be set for lower (second) field dominance. This is one of the underlying reasons that effects-laden shows produced in the USA are almost without exception shot on film. To remove 3/2 pulldown to execute digital effects and then reinstate it is a very easy piece of maths and is built in to all self-respecting effects software.

There is one other digital disparity between the NTSC and phase alternation line (PAL) regions. A digital broadcast frame in the PAL 625 world is 720 × 576 pixels whereas in the NTSC 525 world it is 720 × 480 pixels. Unfortunately, for historical reasons, the pixels in TV systems are not square as they are throughout the rest of the computer world. Maintaining the height, which is related to the number of lines and is therefore fixed, a 4 × 3 aspect ratio image with square pixels would have 768 × 576 or 640 × 480 pixels, respectively. The first thing to note is that this means the 625 world has landscape-shaped pixels and the 525 world has portrait-shaped pixels. If transferred directly to a computer graphics program which does not have support for broadcast TV-shaped pixels then the image will be distorted by being squeezed horizontally for 625 or expanded horizontally for 525. As long as the work, once completed, is converted straight back to video, then opposing alterations in the apparent geometry of the image will be applied and all will look fine. However, if the image is to proceed to another world such as film or print, then compensation will be necessary and the image converted to 768 or 640 width, respectively, before commencing work. The shape of the pixels matters not a jot to the main unit but to a VFX artist using a program such as Photoshop to create mattes this is a very important consideration if everything is going to fit!

One last word on international standards. The temporal conversion necessary to move from 50 fps to 59.94, plus the resolution alteration between 525 and 625 lines when interchanging broadcast programmes between the NTSC and PAL worlds, really does mess up the pictures. If effects are to be produced on a co-production the work should always be completed within one system and then the final composite converted. Attempting to achieve worthwhile effects work on standards-converted material is an almost impossible task and should be avoided at all costs.

Having said all of this, special new cameras are being developed primarily for use in the electronic acquisition of images for cinema use. These cameras, typified by the so-called 24P cameras such as made by Sony and Panasonic, use a different method of capturing the image produced by the CCD sensor in the camera. Instead of reading out the image captured for every field they collect the entire frame in one sweep. This system is known as ‘progressive’ scan because it scans all of the lines in one continuous pass rather than the two used by interlace systems. For viewing purposes the lines are split into two fields but, like film which has been telecined, their fields represent the same moment in time.

At the time of writing a number of features including a Star Wars film have been produced using these cameras and there are also some episodic television productions using the system. For effects work these cameras combine many of the best aspects of both film and video. They have the low noise and stability of video and the synchronous fields of film. They also have much better resolution than standard video although not quite that of 35 mm film. They still lack the contrast and colour range of film but, particularly in productions destined for TV use, this could be an acceptable compromise to gain many of the advantages discussed in this book.

Finally, video has a number of additional advantages for effects work. The signal is already electronic and therefore can be viewed on the set using a high quality picture monitor. It also means that there is one less stage of post-production (film has to be telecined). For certain types of effect, live tests can be made on set as the scene is being shot, so, for example, it would be possible to see a blue screen composite while shooting the foreground element. For long takes or lock-off situations the much longer running times of tapes over film magazines could be an advantage. Where really long periods of recording are required (such as in time lapse), particularly in inhospitable conditions, the output can be fed to an offboard recorder situated somewhere warm and safe and where the largest tapes can be used.


Conclusion

Film and video are both eminently useable for VFX, but currently for both TV and Film projects, ‘film’ still has the edge because of its higher resolution and colour characteristics. For work requiring other than normal shooting speeds, and for imagery which is going to be heavily manipulated in post, film is the best choice, although the new progressive scan cameras are an increasingly creditable option.


Stocks and formats

In normal production the choice of a shooting medium is often seen as a major creative decision and given considerable thought. The job of VFX is invisibly to match the ‘look’ of the material with which it is being intercut, and yet, for technical reasons, it may be necessary to employ a different format from the main unit to achieve this purpose. Thus, for example, a production being shot on super16 film may be better served by having its blue screen sequences produced on 35 mm film. There are a number of technical reasons for this which are explained below, but just consider that in analogue systems such as film and (non-digital) video, every time the image is copied its quality drops. 16 mm film has a very small frame size and has to be enlarged quite considerably even for television use. This results in grain which is just this side of acceptable under normal circumstances, but the slightest additional reduction in quality can result in very obvious grain and loss of resolution. Even if done digitally the process of digitizing the film and then recording it out to film again can result in an alteration in the ‘look’ of the image compared with the original negative with which it is being cut. However, if 35 mm is being used, with its far superior image quality, then at the end of the chain it can be optically reduced to 16 mm, making the in-between processes apparently invisible.

There are too many processes and formats in both the video and film domains to cover in detail, but the main types and most popular systems are looked at in the following sections.


Film formats

The quality of a film image (for a given stock) is determined by the size of the frame and the number and accuracy of the perforations. The size of frame is determined by the width of the film strip and the proportions of the frame within it. The larger a frame, the less it needs to be enlarged for any given size of screen. In effects work it will often be required to use a larger frame area than the principal photography to compensate for the losses inherent in any special processes which may be used (such as using only part of the whole frame to allow stabilization work).


65/70 mm

This is the largest film size and used horizontally (with the frames side by side like still film) is best known as IMAX (or 15 perf). This format is so difficult to spool fast enough, that it has to be carried along on a bed of air for projection. It is mainly used in the theme park industry and is not really suitable for effects work given the mechanical problems of physically handling it, as well as the enormous amount of data storage it requires per frame, if manipulated digitally. Effects work for IMAX tends to be shot in a lesser format and enlarged, since there are only a couple of digital film recorders, worldwide, capable of scanning it.

The more conventional systems utilize 65 mm film travelling vertically, with the frames one above the other. This system was originally developed for the TODD-AO process and is sometimes referred to as 5-perf because it has five sprocket holes on both sides per frame. Projection film is 70 mm wide with an extra 2.5 mm on the outside of the perfs to accommodate the magnetic stripe soundtracks used in the original system. This configuration produces a much bigger frame than 35 mm and was for a long time very popular as a means of capturing high quality images for effects purposes.Towards the end of its heyday some cameras were modified to accept 70 mm film so that camera movement data and other information could be recorded on the magnetic stripes available on the wider film. The main downfall of this format for effects is the small number of film stocks available, laboratories and other facilities to process it.


35 mm (flat/4 perf)

35 mm is of course the standard used by the motion picture industry throughout the world since the early 1900s. From an effects point of view the great advantage is that 35 mm is a complete system rather than just simply a single stock size. Because of its tremendous popularity and user base (including other industries such as science and the military, in addition to the film industry) 35 mm film is produced by a wider range of manufacturers and with a much greater range of stocks than any other format. As a result of this there are more film laboratories able to process 35 mm than any other format and there are specialist facilities who operate exotic processes not available in any other system. All of these factors are very important to VFX work since its demands are so wide and varied.

The precision possible with 35 mm beats any other system. This is mainly because its specification has been carefully honed for each specific use to which it may be put. In ordinary main unit photography this may not be a big deal, but for VFX it is an essential part of the equation. The perforations in negative stocks are designed to tightly fit the pull down claw and, if there are any, the ‘pilot’ or ‘registration’ pins which hold the film firmly in position for exposure. These perforations have squared-off corners and are designed to be tightly held for maximum steadiness. This type of sprocket hole or perforation is called ‘B&H’ after the Bell and Howell Company or simply ‘tight fitting’ or ‘neg-perf’. Neg-perfs are easily damaged by ill-maintained equipment and are pretty delicate, but negatives normally will be run only a few times through carefully maintained cameras, laboratory equipment, telecines or scanners.

Not so the print material which is expected to be projected 150 times or more on equipment which may not be treated with the same love and care as a highly valued camera. So, to combat this different scenario, print stocks have ‘KS’ or Kodak Standard perforations which are designed to be as robust as possible. They do not fit tightly to the pins and have rounded corners to help guide badly worn claws into place.The result of this is ‘weave’, where the film is able to move around on the pins holding it. In a darkened cinema this is not a major issue but for effects purposes it is totally unacceptable. Where prints are specially required to be steady in telecine or scanning, then it is possible to order up print material which has been punched with ‘neg-perfs’. This is a special order from the manufacturer and needs to be checked out well in advance to ensure a local supply is in place.

Through the years 35 mm has been host to many formats (see chart of sizes below). ‘Full’ or ‘Silent’ aperture uses the whole area between the sprocket holes and is four perforations high. This has a 4 × 3 aspect ratio (AR) (or 1.33:1) and was the standard format during the silent cinema era. When optical sound came in the frame was shrunk to allow space down the side for a soundtrack and this became known as Academy. The aspect ratio was maintained with the slight variant of 1.37:1.


	
Format
	
Dimensions
	
AR
	
Sound
	
Perfs

	
Full aperture
	
0.980 × 0.735
	
1.33:1
	
N
	
4

	
Academy
	
0.866 × 0.630
	
1.37:1
	
Y
	
4

	
WideScreen
	
0.945 × 0.511
	
1.85:1
	
Y
	
4

	
VistaVision
	
1.485 × 0.981
	
1.5:1
	
N
	
8

	
’Scope (2:1 squeeze)
	
0.866 × 0.732
	
2.35:1
	
Y
	
4



When widescreen systems were created the ratio was narrowed to 1.66:1 and then finally to the current 1.85:1. The quality of the image on screen remained much the same through these reductions in frame size since over the years the resolution and grain have been improved. Television is now standardizing on 16 × 9 (1.78:1). Masking the negative or restricting the film ‘gate’ creates all of these ratios but of course the film is still the same size and so the frame is merely surrounded by a ‘lot of black’. Many productions simply frame for the chosen ratio but shoot inside a standard Academy mask. For VFX it is highly recommended that so-called ‘open gate’ or silent aperture is used to allow maximum flexibility in reframing and to minimize grain. This may incur some politics since it will require talking the crew into adjusting for this and furthermore convincing the telecine or scanner personnel to alter their hardware and settings to capture the whole frame. But the improvement in quality and flexibility in reframing is well worth it. For instance, consider a blue screen sequence where the artiste is to be shown flying and they will be zoomed around by digital manipulation afterwards. If the actor’s arms momentarily go out of frame within the chosen take, but the camera is running in open gate, then the shot can probably be rescued by reframing using the extra area of image contained in the whole negative area.

For all television and most cinema work 35 mm is an excellent medium with a certain amount of redundancy. To capture the full image quality and content of this format it needs to be scanned at 14 bit/log and approximately 4k resolution (see page 216). This is equivalent to a massive amount of data and would result in a whopping 64 MB per frame or 1.5 GB/s, which even today would be hard work. For this reason most feature film work is tackled at 10 bit/log 2k (less than half its actual resolution) as a compromise between quality and practicality. The argument goes that the actual print quality is way below the theoretical negative quality and therefore a compromise can be acceptable. For television use 35 mm is often simply telecined at the standard TV resolution of 720 × 576 (720 × 480 in the USA) even though this is considerably less than the film’s real spec. This higher quality is seen as desirable since it visibly produces a better picture even when displayed on lower quality equipment, provides excellent future proofing and of course supplies the quality necessary for VFX if the production involves this requirement.

To summarize, 35 mm provides the best resolution, flexibility in post-production manipulation, steadiness and range of emulsions currently available to the film and television visual effects industry.


35 mm (8-perf/vistaVision)

Where conventional 35 mm film moves vertically through the camera at four perforations per frame, ‘vistaVision’ goes horizontally at eight perfs per frame. This system was briefly a mainstream format during the widescreen craze of the 1950s but fell out of favour because it required special cameras, lenses and post-production processes. Because of its superior quality, in the form of a much larger frame area, it has subsequently been rediscovered by the VFX industry for shooting ‘plates’ or background material to be combined with other images. By using the larger frame it ensures that if any quality is lost during the post-production it will at worst deteriorate to only that of standard 35 mm and therefore, when combined with it, will go undetected. As an example, if backgrounds are going to be projected behind artistes on a stage then a vistaVision image could manage a larger, brighter and better-resolved image than standard 35 mm. 8-perf scores over other large formats such as 65mm by having the full range of stocks and processing facilities of 35 mm yet still providing a frame almost as large. VistaVision is approximately the same size and shape as the 35 mm still photography frame and modified still cameras have sometimes been used for shooting the format. For this same reason it can take advantage of the huge number of lenses designed for still image cameras since it shares the same field size.


35 mm anamorphic (cinemaScope, panavision 35, etc.)

This system uses an anamorphic (cylindrical) lens to squeeze the image by a ratio of (usually) 2:1. When projected, a de-anamorphosing lens is used to expand it up again. This results in a massively wide screen image. When first developed as cinemaScope the process used the whole available open gate area and therefore produced an aspect ratio of 2.65:1 (approximately) or double the standard 1.33:1 ratio. This was possible because the soundtracks were carried on a magnetic stripe along the film edge. Subsequently when theatre owners were unwilling to install the expensive new sound equipment this required, the optical track was restored, thus cutting down the width to a screen ratio of 2.35:1 (approximately). This is still the ratio of the system today.

Obviously the area of negative employed is much larger than say a 1.85:1 ratio flat recording on 35 mm, so it gives a much improved resolution. The system offers less depth of field than ‘flat’ 35 mm and small out of focus spots of light show up as ovals instead of the circles created when using conventional lenses. For VFX work, particularly for television, this format has a particular interest especially when used in its original full frame configuration. By shooting with a large high quality frame of width 2.65:1 a standard TV frame of 1.33:1 can be panned across it. Thus, for low budget composites, a static wide angle can be shot in ’Scope and then, in the studio, shoot a panning shot on blue screen which can be combined with it (see figure below).


[image: ]

The only pitfall to watch out for when using this technique is any mismatch resulting from the slight distortion of the ’Scope lenses compared with the standard ‘flat’ lenses used for the other shots.

A very popular shooting variation is ‘super35’. This uses conventional ‘flat’ lenses and the entire ‘Full Ap.’ frame width to create an image with the 2.35:1 aspect ratio of ’Scope. Before release printing the image is squeezed and resized (optically or digitally) to produce a standard anamorphic negative. For VFX the advantages are a large choice of lenses which are sharper and have more depth of field. The disadvantages are less negative real estate and therefore more grain, not to mention a different look.


16mm

Outside of work produced by and for the major Hollywood studios 16 mm is the main film format used for drama in world television. Standard 16 mm has a frame size about a quarter of the area of 35mm. It was originally designed to have sprocket holes down both sides but with just one per frame. Only one camera was ever produced with registration pins and the perforations are only available in KS (i.e., loose fitting). Thus 16 mm is not really suitable for VFX work where a lot of compositing is going to be carried out. Using modern digital stabilizing techniques the weave can be corrected. For more than just a few shots this would be as expensive as switching to 35 mm for just those same shots!

The much vaunted super16 is even worse. In common with standard 16 mm which has sound, super16 only has sprocket holes down one side, the extra space being used to create a widescreen image (see figure opposite); but of course from a VFX point of view it is catastrophic. The film frame becomes a ‘flag blowing in the wind’ since it is only pegged on one side. Even the latest stabilizing software cannot fix this since the weave will vary across the area of the frame.

16 mm is not even helpful to the VFX supervisor as a destination medium since nobody has film recorders that output to this format. So if the master is going to be in 16 mm then effects to be cut in to it will have to be scanned out to 35 mm and then optically printed down to 16 mm.


[image: ]


Film stocks

The most spectacular aspect of film is the fact that the recording technology (the emulsion) is carried on the recording medium itself: the film. Thus you can get the benefit of the very latest advances in film imaging by using the newest film stock irrespective of the camera used to expose it. Many film recorders use B&H 2709 cameras to record their images – the latest digital technology – but filmed with cameras made before 1920 and similarly many animation houses are using Mitchell cameras from the early 1920s since these are still the steadiest around.

There is a large choice of film stocks available with varying ‘looks’ and sensitivities. For VFX the first and foremost aim is to match the look of the main photography with which it will sit. Once the stock used by the main unit has been ascertained it will be necessary to decide if it is practical to use it for VFX purposes or if an alternative must be adopted to match the required ‘look’. Higher sensitivity or fast stocks are usually more grainy than their slower, less sensitive relatives but then the slower films are sometimes more contrasty. Each time a piece of film is copied its grain and contrast increase. Depending on the path being followed by the negative to be worked on, it may be necessary to use a slightly finer grained stock for the VFX than is used for the principal photography with which they will have to match. It is often the case that medium speed stocks are most suited to VFX purposes since these tread the line between excessive grain and contrast versus the inconvenience of an insensitive stock when trying to get as much ‘stop’ as possible, when for instance shooting miniatures.

VFX also make use of special intermediate stocks (see page 109) which are used for duplicating film images.

Stock numbers are deliberately not being mentioned here since they are constantly changing as emulsions are upgraded and improved. Because of this constant evolution it is very important for VFX personnel to keep abreast of the latest stocks particularly since at any given time there may be some unique materials designed for special processes. In the past there has been 5295, which was an incredible stock aimed at blue screen and miniature shooting in particular, and more recently SFX200, which was a specially modified member of the Kodak ‘Vision’ family designed to eradicate cross-colour fringing in blue and green screen work. This information needs to be checked at the start of every project to make sure that the most appropriate stocks are being used.

As well as special emulsions developed for the VFX industry there are also other exotic stocks often only available on special order. These include infra red, reversal, monochrome and low contrast stocks. Knowledge of all these ‘special’ emulsions can help to put the ‘special’ in effects.


Video formats

Video and digital formats are completely different from film formats. The size of a videotape has no bearing on its screen quality as would be the case with a film format. This is because the recording medium is used to record an electrical signal rather than a physical picture. The way the image is encoded within the electrical signal determines its quality and specification. Thus for VFX we are not interested in the size of the tape or disk apart from convenience factors. The variables in video recording which do affect the quality of image recorded are whether the system is analogue or digital, component or composite and compressed or uncompressed. The recording speed and capacity determine the quantity that can be recorded on a system.

Analogue systems simply record the video signal as it comes down the line. The electrical wave continuously varies in proportion to the brightness and colour of the image it carries. The signal will rapidly deteriorate each time it is copied and to be used in a digital system it must first be ‘sampled’ or ‘digitized’, which in itself will add distortions (or artefacts). For these reasons and others, it is not recommended to use analogue systems for VFX work. Analogue systems include all 1″ formats, Betacam, and semi-pro systems such as u-matic. Betacam SP and MII could be used at a pinch (see below).

Digital systems record a stream of numbers representing the image that is divided up into tiny elements called pixels. Each pixel is allocated a number representing its colour and brightness levels. In an 8 bit system each number can have one of 256 values whereas in a 10 bit system it can have one of 1024 different values. This is referred to as bit depth and determines the tonal and colour density range of which the image is capable. Too low a bit depth and you can see the individual levels as contour lines or ‘quantizing’, particularly in areas of subtle graduation. Sampling rate, on the other hand, refers to the number of samples taken in a given time and if too low would result in easily perceived steps along the edges of objects in the picture. Staircasing and contouring can both ruin the blending of mattes and also draw audience attention to themselves and thus derail suspension of disbelief. However, the great advantage of a digital system, particularly from an effects perspective, is that in an uncompressed environment it can be copied indefinitely without any reduction in quality. All that is happening is the copying of numbers and either you have them or you do not!

With the image divided up into known elements and each of these represented by a specific number, it is easy to make alterations to the image simply by changing the numbers. This constitutes another major reason to use digital systems for VFX work.

One word of caution, however, in broadcast standard digital systems the full range of 256 values is clipped at both ends for consistency with the analogue system and so extends from 16 to 235. If outputting to non-broadcast systems such as film or print then this range should be extended to fill the full tonal range available before any digital correction or manipulation is applied.

In a composite recording the image is encoded into a single signal whereas a component recording has multiple streams representing separate elements. The most common form of component recording is where the individual levels of the red, green and blue are kept as three separate signals. The problem with a composite image is that it is very difficult to extricate the individual components once they have been ‘encoded’ or combined to create it. The original advantage was of course that one only had to deal with a single data stream in a composite system, whereas component required three or more transmission paths. A composite system can be likened to ‘jam’, once the fruit and water and sugar have been combined: it is very difficult indeed to recover them in their original form. This is, however, exactly what VFX requires to be done. For blue screen or matching colours carefully after a complex process has been executed it is essential to be able to access the ‘pure’ original colours and this is just not possible in a composite system. It is therefore most important that only component systems are used for VFX work and that composite recording is avoided like the plague.

Film is in a sense a component system since the primary colours are recorded on separate layers within the emulsion – indeed the original Technicolor system had three black and white films going through a special camera! When film is scanned by a telecine machine it identifies the levels of the individual colours using three light sensitive sensors (tubes or chips) and after processing outputs separate red and green and blue feeds. These can be recorded directly but in broadcast systems are more likely to be further processed into PAL or NTSC components often referred to as Y U V. This alternative system exists for mainly historical reasons but should be understood as it is still the basis for recording techniques throughout the television industry.

Mimicking the human perception system, there is much more green in most pictures and it carries the majority of detail. For this reason the R and B signals tend to be at a much lower level and when amplified get very noisy. The NTSC and PAL colour systems had to be ‘colour compatible’, which meant that they still had to work on the millions of black and white televisions which existed at the time colour services started. To do this it was decided to transmit a high-resolution (for the time) black and white signal with a low-resolution colour one superimposed. The early colour cameras had four tubes, three (2/3″) colour and one (1″) black and white. It was soon realized that a synthetic ‘luminance’ signal was more appropriate so they created it by combining known percentages of the three colour signals and this component was known as ‘Y’. The Y was mostly green so, since the percentages were known, it was only necessary to send the red and blue with it, since the green content could easily be recalculated. But R and B were low level noisy signals so it was decided to send Y-R and Y-B instead, since these were much bigger signals and therefore less noisy, but would still permit calculation of the original R G B levels.

When component recorders were first invented it was a natural choice to record these three components since they were already used throughout the broadcast chain. However, since the colour was of a lower bandwidth it was decided to record it at half the quality of the luminance. In the PAL system these are known as Y U (B-Y) and V (R-Y). This was the system adopted in the early analogue component recorders Betacam and MII but the levels were altered and known as Y CB and CR. Colour information can be extracted from these systems and a usable chroma key can be generated from a recording made directly from the camera’s onboard component recorder. However, it should be remembered that a video camera, like film, generates R G B and this is converted to Y CB and CR in its electronics.

When digital video (DV) recorders were first introduced it was decided to continue to use this methodology, meaning that D1 and its various descendants have all adopted this system. Here, once again, the idea of recording colour at a lesser quality than luminance was given a digital twist. The sampling rate for the colour was set at half that of the luminance. Luminance was sampled at four times subcarrier frequency, 13.5 MHz and colour at half this. The formula is represented as 4:2:2. Indeed the original international committee which developed this standard had originally been going to ratify a system that was 4:1:1, which closely represented the relative sharpness of colour and brightness in the human eye and was therefore considered good enough for a transmission system. It was only at the last minute that engineers from the BBC pointed out that for visual effects processes such as blue screen this really was not good enough and the system became 4:2:2.

An understanding of these facts is important for effects workers since 4:2:2 sampling is only just good enough for chroma key and some other colour related activities. 4:1:1 is used in the DV recording systems and so although their general resolution and look is fine they are not really suited to colour-intensive work. Thus DV is fine for backgrounds but not foregrounds.

Special recording systems have been developed which can record 4:4:4 and obviously on a large project (i.e., well financed) with a lot of colour working it may be better to use such a system. But it should be noted that this is a flawed process. The Y CB and CR does not reproduce all colours and there are holes in its range. Thus it is possible to produce ‘illegal’ colours which will not transmit. Worse still, the colours which this system will not reproduce can be created in R G B systems which do not suffer these problems. Computer systems are generally R G B internally and therefore it is possible when converting from the one system to the other that some colours will change or vanish! This colour change will work in both directions and therefore it is very important not to move too often between the systems.Thus, once material has been input to the computer world of R G B it should not be sent back to the broadcaster’s Y CB CR world until the very end of the work. This means that archiving of computer work cannot be on a D1 or other digital video format but should be on some data backup system.

This discussion shows why film is still so popular for large projects involving lots of effects. It can be telecined and output R G B 4:4:4 direct to the computer world and never be converted to the dirty Y CB CR universe until project end.

Analogue/Composite and Digital/Component are not mutually exclusive pairings. There are systems using all combinations. For effects any composite system is a no-go, so therefore, as well as those already mentioned, the digital tape formats D2 and D3 should be avoided since they merely digitize the composite signal. D1, D5 and Digital Betacam are all digital and component so offer the best of both worlds and DV is acceptable for some uses but not really where high quality colour processing is required.

The data created in these systems is pretty enormous. European video, for example, is made up of 720 × 576 pixels, each of which has three bytes of information representing the three components but with two being sampled at half the rate. This gives 720 × 576 × (1 + 0.5 + 0.5) = 829440 bytes or almost a megabyte. To shift or record 25 MB/s is no mean task and therefore it has been necessary to reduce this signal size in some way. The method used is ‘compression’. There are two types – lossless compression which doesn’t harm the signal and lossy compression which does. Many modern transmissions and recording systems use compression to a greater or lesser degree. Digital Betacam for instance uses 2:1 compression thus halving the quantity of information it must deal with. The tiny DV format uses approximately 5:1 compression. In both of these cases the distortions or artefacts created by this compression are not particularly visible to the human viewer but the ramifications for image processing in VFX are complex.

As long as you stay within one particular scheme, then no more harm will be done, but since these different systems use different mathematical formulae (algorithms) and create different problems, then going between one system and another can create difficulties.
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