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Analysis: Media Distribution

High definition video devices and television services are increasingly available in the UK, but with competing specifications and technologies it is not always clear what should be considered in planning and resourcing High Definition projects. This article aims to explore the different High Definition formats for recording and displaying High Definition television and video.

What is HD TV?

High Definition (HD) television and video in simple terms has a higher resolution than standard video. Currently High Definition refers to particular broadcast standard for digital television, specifically the International Telecommunications Union standard: ITU-R BT.709-2. Currently there are no Freeview HD TV channels (trials have been carried out), however HD TV channels are available through Sky HD and Virgin V+ services.  It is also possible to receive free to air HD satellite channels with an appropriate set –top box. HD may be available on Freeview in the future. Channels available include sport, movies and the BBC’s HD service. 

http://www.ofcom.org.uk/media/news/2007/11/nr_20071121
The move to high definition television is often likened to the emergence of colour television in the late 1950s. This is both in terms of the technological transformation and in the slow adoption rate due to initially high prices. In the US the first colour televisions cost $1000 in 1956 and by 1964 only 3% of households had bought one.

Digital HDTV offers high resolution images, with a wider range of colours, native 16:9 (widescreen) aspect ratio and surround sound. The two main HDTV standards are 720p (1280x720 progressive scan) and 1080i (1920x1080 interlaced). This compares with UK PAL standard definition television (SDTV) of 625 lines interlaced (704x576 active lines). 1080p is currently restricted to non-broadcast content. High definition broadcasts need to be compressed to fit in TV channel bandwidths of 6-8 MHz. Different broadcasters compress content by different amounts, which can seriously affect the final picture quality. MPEG2 is the compression standard currently used, but newer codecs such as H.264 and VC-1 are vying to become the format of choice. Both offer DVD quality at about half the bit rate of MPEG2. 

Video definition is described according to three key indicators: pixels and lines, frame rate and scanning. Pixels and lines refers to the number of dots that make up the image, this is usually denoted by the number of lines 480, 576, 720 or 1080. Frame rate refers to the rate at which the picture is refreshed on the screen, usually 50Hz in Europe.

The way in which the image is refreshed is called scanning, and there are two types, progressive and interlaced. Progressive scanning refreshes every line in the image for each frame, whilst interlaced refreshes every other line, swapping between lines on each refresh. Interlaced video is effectively a form of compression and therefore reduces the amount of memory and bandwidth required to record and transmit, but also reduces the quality of the video particularly for rapid movement. 

To view high definition television or other HD content a suitable display is needed. Traditional CRT displays cannot handle HD, so HD capable LCD, plasma or projectors are needed. Displays designated HD-ready can support 720p, but recently ‘Full HD’displays have become more common supporting 1080p. Most equipment is also capable of upscaling or down scaling images to fit the native resolution of the display.

http://www.dvb.org/technology/fact_sheets/
Recording formats

European HD TV is usually broadcast using the MPEG-2 standard, and is likely to move to the more efficient  MPEG 4. These video compression methods work by converting each pixel into two bits of reference data, the colour or chrominance, and the brightness of luma. The image is then compressed by removing some of the colour information. When reconstituted again the colour values can be derived from the pixels that remain. There are three compression rates within MPEG-2 that refer to the amount of colour data removed. 4:2:0 has roughly 75% of the chroma information removed, 4:2:2 indicates 50% of the colour information has been removed, and 4:4:4 indicates no colour information has been removed. Both Blu-ray and HDTV support the MPEG-2 format, but also support the  MPEG-4 derived format known as VC-1, the same codec used in the windows video format .wmv.

The growth of HD video has been accompanied by a move toward Hard Drive video cameras and Digital TV recorders. Solid state memory and Optical Disc formats are also used. Blu-ray and HD DVD are the two main optical disc formats for playing and recording HD content (see TechNews November 05). It is not clear which of these formats will become dominant, but the current momentum and market support seems to be behind Blu-ray.

For creating HD content there are a number of recording formats depending on the media being used, but many of the commonly-available formats do not offer true High Definition. Many, like DVCPRO HD, and HDV use non-square pixels, essentially limiting the definition of the video captured to 1440x1080 pixels. This is extended to the full 1920 pixels by stretching the recorded pixels to fit the definition in playback. 

The professional formats could be considered HDCAM SR and XD-CAM. Whilst DVCPRO is aimed at the professional market the recording format it does not offer sufficient memory to allow true professional use with HD. Most professional HD formats listed here are used for electronic news gathering (ENG) and outside broadcasts rather than studio filming. The pro-format cameras are very expensive starting at around $12,000. 

HDCAM is the latest development in the Betacam family of products using a magnetic tape to store the video. There are two variants of HD CAM, HDCAM and HDCAM SR. HDCAM SR uses MPEG standard definition of 1080 at either 4:2:2 or 4:4:4. HDCAM uses different compression technology and a none standard picture size, and should really be avoided in favour of SR. DVC Pro HD is a development of the Digital Video (DV) camcorder tape format by Panasonic, DVC Pro uses the same chroma compression rates as MPEG-2 and 4 and allows for progressive video at 720 and interlaced at 1080. Finally, 

XD-CAM is a Sony format concentrating on the use of PDD media, capable of recording in native MPEG-2 at 4:2:2 compression and fully 720 progressive and 1080 interlaced definition. 

The main recording format for consumers and semi professionals is HDV or High Definition Video. HDV can record at 720 progressive, which is sufficient for current broadcast quality high definition. However, it cannot fully record at 1080 interlaced and uses non-square pixels to scale the image. In addition HDV uses interframe compression, which uses key frames of high quality and intermediate frames of lower quality. As a result of interframe compression HDV can introduce distortion into the image where the footage is edited. Because of this HDV is not considered to be a professional tool, but is still capable of producing very good results. HDV records to standard miniDV tapes.

The other main consumer format is Advanced Video Codec High Definition (AVCHD). AVCHD uses MPEG-4 compression, compared to MPEG-2 in HDV, and can theoretically achieve a better compression rate as a result. Using MPEG-4 AVCHD is capable of recording at 1080 progressive, this is achieved through greater interframe compression than HDV which can introduce problems when editing. Significantly AVCHD does not use non-square pixels, instead recording in full HD but with increased compression, using the same codec as HD disks such as Blu-Ray and HD DVD. Sony, Canon and Panasonic all produce cameras in both formats. 

Finally, a number of cameras are opting for native MPEG-2 or MEPG-4 encoding, these generally use hard drives or solid state memory, such as the Sanyo Xacti or the JVC Hard Disk Cameras. These offer the possibility of HD recording at potentially lower costs, currently starting at around £400, although they have the same group of picture compression rates as AVCHD.

Editing

Editing High Definition video, as you would expect, requires more computer power than editing standard definition video. The choice of recording format can affect this as well. Because consumer MPEG-2 and MPEG-4 formats (HDV and AVCHD) are compressed using interframe compression, editing software needs to reconstitute the intermediate frames. This requires considerable processing power to be done on the fly and can cause distortion when spliced. This can be mitigated to a certain extend by converting the footage into an uncompressed file format for editing purposes. Most current professional and consumer software such as Adobe Premier, Avid, Final Cut, Pinnacle Studio and iMovie support HDV, MPEG-2 and MPEG-4, however, support for AVCHD is not quite as widespread. Support for Blu-Ray and HD DVD formats is starting to appear in video editing software, but few products currently support both Blu-ray and HD DVD. Two additions to Blu-ray and HD-DVD called AVCREC and HDREC allow the recording of HD content to standard DVDs on suitable recorders.

As HD video requires more computing power to manage the video compression and the higher data capacity of HD video, dedicated graphics cards with HD capability will make editing easier. Newer PCI-express cards and those with High Definition Multimedia Interface (HDMI) connectors are preferable. These newer graphics cards that offer hardware support for HD can also make playing Blu-ray or HD DVD films easier on PCs.

It is likely that we will see an increasing move away from tape media to hard drives over the next year. It is likely that AVCHD will be available in an increasing number of cameras, particular those at the cheaper end of the market. Equally use of native MPEG-4 is likely to increase for Hard Drive and solid state cameras. Already a few cameras using Blu-ray disks to store the video have come onto market and we should expect to see more of them in 2008. 

Whilst the format for High Definition optical discs is still not decided it is difficult to judge where to make the investment in software and hardware. However, the use of MPEG-2 and MPEG-4 standards and the support for HDV means that capturing and editing HD video is relatively straightforward. In the short to medium term, the best option may be to publish the finished video in MPEG-2 or VC-1 formats which will play on both formats and on the PC. By the end of 2008 though, it should be clear which of the new formats is going to win out. 

Standard Definition TV and video will be with us for many years to come, and HD should not be considered a must have requirement in education. That said, creative projects will benefit from understanding the latest developments and the different techniques required for working in HD as compared to standard definition. The relatively low cost of entry level HD devices means that HD projects can be used to supplement but not necessarily replace existing learning and teaching resources. Finally, the Japanese are already working on Ultra high definition services.

