Camera Recording Formats

and which camera to choose.

 It seems that nearly every year a camera manufacturer brings out a new camera model with a ‘better’ recording system.

When you are planning a production it can often be very difficult to decide on what camera/recording systems to go for. Of course budget and programme requirements will have major considerations.  A ‘fly on the wall’ type documentary will require small un-obtrusive cameras, whilst a top-end drama will require producing ‘film like’ images. But even then it is not clear what camera system to choose.
The 3 parts to consider in the programme acquisitions are:

The lens, how good are the images that it produces?  This is important, because the image cannot be made ‘better’ than the image that the lens produces.

The camera, how it processes the image from the sensor.

The record system. How much information is ‘thrown away’ in order to compress it onto the recording media.

Also added to the confusion is the marketing hype from the manufacturers. When a new camera/recoding system comes out there is a lot of marketing spend to try to convince that this is the best thing ever! A lot of figures are put out to try to convince you to part with your money. Trying to understand these figures can be quite difficult.

I hope that the information below will help.

Ergonomics.

Consider how you are going to use the camera. Are the controls easy to use? The range of small and ‘cheap  prosumer’ cameras are really designed for amateur use so the basic design criteria is to make them easy to use and to make everything automatic. These cameras also have to be held in front of you making it hard to hold steady, especially for a long time. The flip out viewfinder is not always easy to use in bright daylight and it’s hard to judge if the image is in focus.  It is often complicated to change the settings in the menu.

Cameras like the Canon D5 are now being used  as a video camera for programme making but were designed as a still camera so using these cameras is not always easy. Syncing it with sound can also be difficult.

Conversely is the camera too heavy for hand held camera work? A camera with some ‘mass’ and shoulder mounted is always best for hand -held camera work.

Image size.

If you are looking to get the ‘film look’ then you will need to use a camera with a large image size so that you will get shallow depth of field. The Sony PMW EX3 has only a ½ inch image size whilst a  DSLR and the Arri Alexis Camera have an image size close to 35m film.

Pixel count can also be very confusing. The more pixels will not necessary produce a better picture. An HD TV picture is 1920 by 1080 pixels which is 2,073,600 pixels.  A HDTV camera has a sensor for red, green and blue and as each sensor has just over 2 million pixels  the most a HD TV camera will have is just over 6 million pixels. Beware of cameras that state they have over 13 million pixels.

Lenses.

The first part of the programme chain is the lens. The better the lens the better the image. A good choice of lens is very important. If you choose a camera that comes with a lens and the whole package comes to around £4,000, then the lens will be of poor quality. A good lens for professional camera will cost around £12,000 upwards.

Consider do you want a zoom lens with a long range, (x20) or a ‘fast’ lens. That is one with a large aperture, e.g. f 1.5. Check that the lens will not ‘ramp'. A good quality zoom lens that has a large range and will not ramp and will be expensive. Will a wide angle lens be better a 4.5 mm?

Cameras with interchangeable lenses will give you a better choice but make sure you know what type the lens mount is.

Recording System.

How the image is recorded is critical to how the image will look on playback. Will the compression system be seamless through  the post production route?

It is always worth making sure that the work flow from recording to distribution will not cause any problems.

If you are making a programme for distribution check what format that the distributors require and what frame rate you should use to shoot your programmer. Will the camera record in this frame rate?

The most common recoding systems are now:

Digibeta.  SD only

Digibeta was the development of the Betacam system developed by Sony in1982. It was launched in 1993. It records at 10bit 4:2:2.  It uses the same size tapes as Beta and BetaSP, which was based on the earlier domestic tape format Betamax. For quite a long period these cameras, e.g. Sony DVW 790, were considered to be the top of the range for serious programme makers. They are switchable between 4:3 and 16:9.


DVW 790
DVCPRO 50.

This format was brought out in 1997 by Panasonic for high end ENG and dramas. For a while BBC Eastenders were recorded onto this format.

It records at a data rate of 50 Mbits using 4:2:2 sampling. It was developed to compete against DigiBeta.

The AJ  SDX 900 camera was one of the few cameras to record onto this format. The format never really had much success in the UK
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SDX 900
DVCam. SD only.

 This was brought out by Sony in 1996

A very common tape based recording system using the same tape as domestic DV. The tape in DVCam runs faster then in domestic DV camcorders. It has a colour sampling of 4:1:1. and a 13.5 MHz data rate

Being a SD format it is now rapidly being replaced by HDV.

The very common camera was the DSR 570 then replaced by the DSR 450. Both models had 2/3 inch CCD’s. These cameras are shoulder mounted with very common control lay out.

Because it has a low sampling rate in theory this system should not give a very good keying signal if used for chroma screen. In practice it does work well.

HDV.

HDV was formed out of the HDV Consortium of Sony, Sharp and Canon and was original developed by JVC in 2004.

The system uses 30:1 MPEG 2 codec, 8 bit sampling with 4:2:0 colour sampling. It uses a 12 frame GOP. The small tape size, the same size as DV makes HDV a very popular and cheap system.

The draw back to this system is that the high compression rate makes the system liable to digital artifacts such as blocking.

The cameras are small and light and are very similar to DV Camcorders. They have only a 1/3 inch CCD. Be aware of using adaptors so that prime lenses can be fitted. They are likely to lose at least 2 stops and are prone to flare.

Also be aware that there are two HDV formats: JVC and Sony. They use different data rates and image sizes. So a programme recorded on one will not play on the other.

Sony Z1.

Probably the first very popular HDV camera. It records at 1440 by 1080i but also records at 25p to do this the camera performs a field doubling effect effectively halving the resolution. It can also record in DV mode and in DV mode do 4:3.

It has 2 XLR mic inputs which can be at line or mic level.

Sony Z5

This replaced the Z1. It has a better lens which can be used like a ‘professional ‘lens. It also records in true 25p.

It can record onto tape or memory cards. The card recorder fits on the back over the battery.

Sony Z7. This was released in December 2008. This has 2 SD media card slots and will only record onto these.

As with the earlier Z cameras it has only 1/3 inch CCD but the lens can be easily taken off and changed.  If you are thinking of going to the effort and cost of doing this then it may be better to go to a better camera, one with a bigger chip size. The Z7 is a  great improvement over the Z1.

P2.

This recording format was introduced by Panasonic in 2004. The P2 card is essentially a raid of SD memory cards. This non-volatile memory are temporary transient storage medium from which the pictures are transferred to a main storage medium for post production.

In 1080/25p mode a 64GB card will record for 1 hour.

These cards use the AVC Intra compression system developed by Panasonic.  This records in 4:2:2 sampling rate at true 1920 x 1080, which means they record a greater resolution and greater colour information than the Sony F900R.

This means that you can shoot effectively the same quality as Arri D20/21 recording onto HDCamSR, in 4:2:2 mode, but have no stock costs.

 But you must use the post production tool which works in the AVC Intra codec.

Panasonic HVX 200.

This was released in 2006 and was the first P2 camcorder and was then further improved with the HVX 201.

It looks very similar to the Sony Z1

This camera provided 1080i/720p HD recording intraframe codec.

The camera also had a built in DV tape drive.

It only has 1/3 inch CCD but received great reviews when it was released.

Panasonic HPX 171.

This was the first P2 only camcorder.

Panasonic HPX 500.

This shoulder mounted 2/3 inch camera was designed to replace the DSR 450/ Digibeta range.

It records 1080i and p, in all frame rates and you could shoot for slow motion. It was a low cost camcorder.
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HPX 500
XDCAM EX.

Sony introduced XDCAM EX at the end of 2007 as the answer to Panasonic's P2. This name was  deliberately confusing as it is completely different to XDCAM HD which shoots onto Magneto Optical disks.  XDCAM EX uses the same compression scheme as XDCAM HD but records instead onto low cost SxS Express  Media Cards. Like the P2 system, this is only a practical system if the post-production work flow is seamlessly integrated into the native compression scheme. It is not yet compatible with all current software packages in all frame rates, so be aware of this before you begin shooting and CHECK

XDCAM-EX has a choice of High Quality (HQ) and Standard Quality (SP) both sample at 4:2:2

At HQ mode at 35Mbs lasts 62 mins per 16GB card.

At SP  mode at 25Mbs last 87 mins per 16Gb card

The main advantage of using the EX series camcorders is that using two memory card slots with a  pair of 16 GB SxS Pro memory cards, it can record up to 140 minutes of HD footage. This is much greater capacity than P2  but with more highly compressed images. It also is capable of under or over cranking images in 720p mode or up to 60 fps with the benefit of immediate playback. In common with HDV, this uses long GOP compression algorithms, which means that strobe lighting and flash photography will cause problems in acquisition. It also creates another unintended consequence that it if you have a clip which spans across 2 cards, the post production systems are not capable of joining them together automatically this will need to  be done manual. Also post systems need to have access to the media on both cards to play the second part of the scanned clip, because a consequence of using the long GOP compression scheme means the data on the 1st card will be need to play the opening frames of the 2nd card. Not a problem to worry about, but worth being aware of. Like its big brother XDCAM HD, the benefit of using XDCAM EX is simply its way of manipulating images in off-line using low quality 'proxy files' and manipulating images immediately using express card storage that is compatibility with modern lap tops and PCs

Sony EX-3 XDCAM

This is the newer vision of the EX1 with the same frame rates and quality to the EX1 but has a better viewfinder and can have interchangeable lens. With an adapter a 2/3 inch lens can be fitted.

The camera also has a HD SDI output.

The system works well with Final Cut Pro but you need to convert to MPEG4 for Avid.

XDCAM HD

XDCAM HD is HDCAM recorded not on tape but really on a type of blu-ray DVD

In HD this is the middle ground being contested by P2 with the Panasonic HPX 500 camcorder the Sony HDW 790p and now with the PDW F700 XD Camcorder. It looks and works like the well known DSR 450.

They shoot in various HD sizes (1440x1980 and 1920x1080)using true 25p and the range now begins with the second generation PDW F355 camcorder costing not much more then the DSR 450 did and continuing with the newly released PDW f700 Camcorder. The medium is also not tape based but records onto blu-ray type disks at 4 types of compression schemes,50,35,25 Mbs.  to vary quality and durations.
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PDW F700
DVC PRO HD

Panasonic produced a competing format to HDCAM called DVC Pro 100 or DVCPro HD. There are 2 discrete formats which uses the same DVCPro tape. The first is Varicam, 720p, and the 2nd is a 1080i version as used by the HDX 900. The tapes and VTR are the same but that’s all.

Like the Sony HDW F900 the Varicam is a ‘world camera’ meaning it shoots on all standard world frame rates. The Varicam records on smaller frame sizes but can shot continuously variable rates between 4 and 60fps. With clever image compression it produces impressive results. Varicam always records 60 fps but with clever frame flagging the system permits multiple frame rates.

Despite shooting in 720p mode, the VTRs will automatically up-rez to 1080 so there is full compatibility with other HD formats in post-production and is also compatible with all delivery equipments. It is also compatible with Final Cut and Avids.

Four Thirds Lens Format

Panasonic AG AF101

This camera takes the new standard Micro Four Third lenses. It records in full HD onto bigger capacity SDXC memory cards, in the high quality mode, 24Mbps.

Panasonic promote this camera by saying that it is a cost effective camera that delivers the look and feel of 35mm film but without all the compromises of using DSLRs.

With an adaptor it can take prime film lenses. Price around £4,800

The Four Thirds Format is a new standard to reduce the size and thickness of digital interchangeable lens type cameras. The lenses are designed for digital photography/video to replace lenses designed for 35mm film which are not good when used for digital cameras.
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Olympus Pen PL1
HDCAM

Of all the formats HDCAM is the most popular and well established. It records 1920x1080 to tape but camera captures 1440 x 1080. It has 8 bit DCT compression 3:1:1 recording. The bit rate is 144Mbts. The audio, with 4 channels, record at 20 bit/48 kHz.

 The camera is very recognisable to cameramen.

HDW 750p

 This was a very common camera in Europe which shot in 25p or 50i
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HDW 790p

This camera replaced the 750 with superior performance.

HDW F900H replaced by HDW F900R

There is a considerable price difference between the HDW790 and F900R but many claim that the performance is the same at 25p.
MXF.

The MXF file is a wrapper for the MPEG-2 data stored inside, but has the advantage of being able to support metadata as well as video and audio. 

The  Canon XF305 employs 4:2:2,  50 Mbs recording Codec
The XF305 and XF300  Full HD camcorders have now been added to the BBC list of approved HD cameras. This means that they can be used to produce an entire HD programme for broadcast on the corporation’s HD channels. Following recent testing, the broadcaster has opted to buy XF 305 camcorders, the first of which were delivered in December 2010.

They are priced around £5,000.00
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HDCAM SR

This was introduced in 2003 and uses a higher density tape then HDCAM. And is capable of recording in 10 bits 4:2:2 or 4:4:4 RGB with a video bit rate of 440 Mbits. The increase bit rate allows HDCAM SR to capture much more of the full bandwidth of the HDSDI signal.

There are 12 audio channels at 48kHz/24 bits

440 Mbits mode is known as SQ mode, and 800 Mbits mode is known as HQ

The SRW 9000PL is a future proof camcorder that records on HDCAM SR. It is planned that very soon the 2/3 inch CCD will be able to be replaced by a new 35 mm CCD.
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CineAlta

This is the brand name use by Sony to describe various products involved in its content creation range.

The cameras record onto HDCAM tapes, XDCAM HD or flash cards.

In 2000 Sony and Panavision teamed up with George Lucas to produce Stars Wars prequel to be shot 100% digital and thus the 1st CineAlta camera was born, the Sony F900. For Stars Wars Episode 3 ‘The Revenge of the Sith’ the more advance Sony HDC F900 was used. The film was cropped to a 2.6:1 aspect ratio from its native 16:9. As a result only 817 out of the 1080 pixels where used, but there is an anamorphic adaptor from Canon which allows shooting in 2.5:1 without loosing any pixels.

Digital Film

The move to produce video cameras that look and feel like film cameras is now advanced. They have a 35 mm film size CCD and take the same lenses as film cameras.

The are often referred as 4k cameras. This is because the horizontal resolution is 4096 pixels, twice that of HD, 2k. The vertical resolution is also twice that of HD, 2304 pixels. Recoding these images takes a lot of storage.

The RED camera made a lot of excitement when it was released mainly because of its ‘cheap’ price as well as being 4k. But by the time you add lenses etc., it still makes a £50k price.

The post production is far from simple with this amount of data. You can edit mid-res but you have to render files in a very processor hungry way to produce 2k.

It records onto a hard drive attached to the rear of the camera using Red Code RAW files. As soon as possible during the shoot the files on the camera hard drives are copied and then the camera hard drives can  be re-used. It is now quite common to have a DT on shoots using RED cameras who looks after the data.

It seems to be coming more popular in the high-end programme making as it produces stunning pictures.
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Sony PMW F3

The PMW F3 is Sonys answer to the in-roads made by cameras like the Cannon D5. The F3 has the same sensor size as the RED, Alexa, etc. and takes the same lenses. But it will cost around the £14,000 price bracket. It looks and handles like a 'prosumer' camera and has the CineAltra badge
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Arri Alexa

The Alexa very much a film style camera was introduced in 2010 after previous efforts with the Arriflex D20/D21 . It comes with an Electronic viewfinder (EVF) and of course PL lens mount. New features include recording to the digital codec ProRes 444 and ProREss 422 in camera.

It’s designed to be used on high budget films and is seen as the answer to the growing use of RED.
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Graham Reed

Lighting Cameraman/Lighting Director
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