DVD & SURROUND DELIVERY FORMATS FOR MUSIC
2.1 Why can't I put surround sound on a normal CD?
You can, sort of. There are over 750 CD titles that use Dolby Surround (see 3.3 for an explanation). Basically, this disc will play back in four channel surround if a decoder is present. If not, it will play back as a stereo disc. Although this sounds like a good idea, it never caught on because most music producers felt that the format diminished the sound quality if not played back with a decoder. The vast majority of these discs are movie soundtracks and classical, so if you look at the pop/rock/jazz markets you're not going to see them.

That being said, you won't find many other CD's using 5.1. A CD has a very stringent set of standards in order to make it playable on every CD player in the world. This is known as the Red Book standard and it stipulates, among other things, that all information must be stereo Linear PCM recorded at 44.1kHz and using a 16 bit word. Any deviation from that standard means the CD is no longer playable on the standard CD player.

Another problem is that there's simply not enough room on a CD to fit all the data required for six channels of surround sound since it only has a 780MB capacity. This amounts to a maximum of 74 minutes of playing time.

The DTS music disc actually uses a CD (technically a CD-ROM) for storage but it's coded differently and therefore won't play on a standard CD player unless it has a digital output that is fed into a DTS decoder. A DTS music disc on a normal CD player will output only white noise.


2.2 What are the current surround delivery formats for music?
As of April 15, 1999 there are two current methods, another being born, and yet another on the horizon. The current formats are DVD-Video using the audio portion of the disc, and the DTS music disc. The method being born is the DVD-Audio disc, and the format on the horizon (fall of 1999) is the Super Audio CD (SACD).


 

2.3 DVD - General
2.3.1 What does DVD stand for?
DVD doesn't officially stand for anything at all. Some people erroneously believe that DVD stands for Digital Video Disc or Digital Versatile Disc but it is actually neither one of these.


2.3.2 Are there more than one type of DVD?
Yes, DVD comes in 5 flavors.

	
	DVD-V - the video format 
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	DVD-A - the audio format (not released yet) 
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	DVD-ROM - the computer data format 
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	DVD-RAM and DVD-RW (competing formats) - rewritable format 
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	DVD-R - write once format


Today's CD can be thought of as essentially a "bit bucket" in that there is no intelligence built into the different file formats required for audio CD, CD-ROM, CD-R, etc. DVD differs in that all types use basically the same DVD-ROM-like format with a bit of intelligence built into the specification.

DVD uses a file format known as Universal Disc Format or UDF which was designed specifically for use with optical medium and avoids the problems and confusion that CD-ROM's had due to the use of many different file formats. In fact, UDF permits the use of a DVD by DOS, OS/2, Macintosh, Windows and UNIX operating systems as well as dedicated players. What's interesting is that a dedicated DVD player will access only the information that it requires and all other files will remain invisible. It also means that the file system for use with computers is already built into the format, which widens the potential market without having to jump through programming hoops.


2.3.3 What is the storage capacity of DVD?
While the storage capacity of a current CD-R is 650MB and an audio CD is 740MB, the capacity of a DVD can actually be one of four levels, all far exceeding the CD. This is accomplished by having smaller and more pits on the substrate than that of a CD. Add to this the fact that DVD can have two layers and be double sided, and the power of DVD become readily apparent.

Because a laser with a smaller wavelength is required, a DVD cannot be read by a CD player. A CD can be read by a DVD player though.

DVD TYPES AND CAPACITIES
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Please Note: There's some unfortunate confusion as to the actual capacity of a DVD because it's measured differently than the computer norm. For example, a DVD-5 has 4.7 billion bytes (G bytes) not 4.7 gigabytes (GB). The problem is that DVD is based on multiples of 1000 while the computer world measures bytes in multiples of 1024. Therefore, a DVD-5 actually has a capacity of 4.38 gigabytes.


2.3.4 Can a DVD-V or DVD-A play on a computer?
With just a bit of additional authoring, a DVD should play on a PC with a DVD-ROM drive providing it has the necessary decoder hardware or software. This is because all DVD's are basically DVD-ROMs that use the same file format. A DVD has to be authored to take advantage of the visual navigation on a computer, however.


2.3.5 Will my CD play on a DVD player?
Yes. Although it's not required by the spec, all DVD players will play current Red Book audio CD's.


2.3.6 Who owns DVD?
DVD is owned by the DVD Forum which is made up of 74 principle member companies and 116 associate member companies. A 17 member steering committee, which is made up of the original 10 founding companies, ratifies the major decisions by the various DVD Working Groups. The Steering Committee is made up of:

	JVC
	IBM
	Hitachi

	Intel
	Matshushita
	ITRI (Taiwan)

	Mitsubishi
	LG
	Philips

	NEC
	Pioneer
	Samsung

	Sony
	Sharp
	Thomson

	Time Warner
	Toshiba
	


2.3.7 What is this WG-4 that I keep hearing about?
WG-4, or Working Group 4, is the committee assigned by the DVD Forum to work out the format standard for the DVD-Audio disc in conjunction with various record company organizations like the RIAA. WG-4 consists of 40 member companies with JVC as the chair.


2.3.8 Are there a lot of DVD players out there?
As of November 1998, there's about a million dedicated DVD players out there at the moment with another 5 million or so DVD-ROM drives in computers. There's been projections for another 3 million DVD players to be sold in 1999 with as many as 13 million DVD-ROM drives.


 

2.4 DVD-Video
2.4.1 What is a DVD-V?
DVD-Video burst upon the scene about a year ago primarily as a high quality movie delivery system, but the audio portion of the format is still quite an improvement over Red Book CD. And because there's automatic provisions for multichannel audio and a built-in (but limited) 96/24 option, DVD-V may yet become a major delivery format for audio before all is said and done.

The audio portion of a DVD-V can have up to eight bit streams (audio tracks). These can be 1 to 8 channels of Linear PCM (LPCM), 1 to six channels (5.1) of Dolby Digital, or 1 to eight channels (5.1 or 7.1) of MPEG-2 audio (FIGURE 2). Also, there are provisions for optional DTS or SDDS encoding as well.


2.4.2 What are the advantages and disadvantages of the audio portion of a DVD-V for music?
ADVANTAGES
Installed Base Of Players - DVD-V audio can currently play on all DVD players in the marketplace and, with a small bit of additional authoring, all computer DVD-ROM drives as well (providing the PC has the appropriate decoding hardware/software). The latter is a huge consideration since computer manufacturers promise us that 1999 will be the year when the DVD-ROM drive finally replaces the CD-ROM drive in new PC's purchased. Couple that with marketing projections which state that pre-Generation-Xer's just love entertainment on their computers, and this format demands consideration as a primary audio delivery system.

Compatibility With The Greatest Number Of Players - Unlike DVD-A which requires a new generation of player, DVD-V audio is universally compatible with existing and future DVD players.

No Confusion In The Marketplace - The average consumer doesn't know DVD-V from DVD-A, much less care. DVD-V audio eliminates any confusion in the marketplace as to which DVD will play on which player.

Available Now - Multichannel music can be delivered right now using the audio portion of the DVD-V using either Dolby Digital or DTS encoding or even LPCM for short programs.


DISADVANTAGES :

Not As Flexible As DVD-A - While there are choices for the audio in DVD-V, the format lacks the scalability and super-high fidelity options of DVD-A. But while professionals and audiophiles will immediately hear the difference between 96/24 and 44.1/16 Red Book audio, will the average consumer? It seems that the ordinary listener can hear the difference between surround and stereo at any bit depth and sample rate however.

96/24 LPCM Available On Only 2 Channels - The highest quality multichannel LPCM audio available is 48kHz at 20 bits for 6 channels. Using a data compression scheme such as Dolby Digital gives you 6 channels of 48/24.

Some Players Can't Handle 96/24 LPCM - Even if 96/24 LPCM is used, some players automatically decimate to 48kHz and truncate to 16 bits, thereby negating some of the benefits of the enhancement.

2.5 DVD-A
2.5.1 What's the difference between DVD-V and DVD-A?
Primarily the audio specs. The DVD-V has a maximum data rate of 6.144Mbs while DVD-A's bit rate is 9.6Mbps. DVD-A has provisions for MLP (Meridian Lossless Packing) to enable multichannel 96/24 audio program. DVD-A can also contain two channels of 192/24 program.


2.5.2 Why is 96/24 better than 44.1/16?
First, understand that the first number (96) stands for the sample rate in 1000 per second increments. The second number (24) stand for the word length of the encoded digital data.

There are two parts to this answer. In order to understand which is better quality, a brief discussion of sampling rate and word length is in order.

The analog audio waveform is measured in amplitude at discrete points in time and this is called sampling. The more samples of the waveform that are taken, the better representation of the waveform that occurs, with a greater resultant bandwidth for the signal. Audio on a CD has a sampling rate of 44,100 times a second (44.1kHz) which yields a bandwidth of about 22kHz. A sampling rate of 96kHz gives a better digital representation of the waveform and yields a usable audio bandwidth of about 48kHz. Therefore, the higher the sampling rate, the better the representation of the signal and the greater the bandwidth

The more bits a word has, the better the dynamic range. Every bit means 6.02dB in dynamic range. Therefore, 16 bits yields a maximum dynamic range of 96dB, 20 bit equals 120dB DR, and 24 bit (there are no true 24 bit systems yet) a theoretical maximum of 144dB DR.


2.5.3 When will the DVD-A be released?
The final audio specification for DVD-A was officially announced in early February 1999. However, the encryption and watermarking, although announced in March 1999, have yet to be officially determined. Most record labels refuse to release product until encryption/watermarking is set in stone. Therefore it's reasonable to expect that we won't really see DVD-A until Christmas 99 at the very best.

Due to the recent hacking of the DVD-video encryption, the release of DVD-audio has been delayed until the middle of 2000 at the very least.  Non-spec stereo audio DVDs, authored to the DVD-video spec, continue to be in limited release.


2.5.4 Can I put my music videos on a DVD-A?
Yes. An audio DVD has provision for not only video, but text, graphics and up to 20 still pictures per song. The amount of this extra material is dependant upon how much space the audio program takes up, of course.


2.5.5 How much playing time can I get on a DVD-A?
It depends on how much material, how many channels, the sample rate, the word length, and how it was encoded. Here's a chart with some examples:
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2.5.6 Will a DVD-A play on all DVD players?
Initially no, because the DVD-A spec was written after the first generation of DVD players were already on the market so they are unprepared for the encoding. The video portion of a DVD-A may play on a current player but the audio will not.

In the near future (after the DVD-Audio spec is released) there will be two new DVD players introduced; a universal player and a DVD-A only player. The universal player will play both DVD-A and DVD-V. The DVD-A only player will play a DVD-A disc and the audio portion of a DVD-V disc.


2.5.7 Will a DVD-A play on a CD player?
No. This is because the pits of a DVD are far smaller and require a laser of smaller wavelength than the CD uses.


2.5.8 What is SMART Content?
One of the more interesting aspects of DVD-A is a new feature known as SMART (System Managed Audio Resource Technique) Content. SMART Content is an auto downmix provision that lets a consumer with only a stereo system have the multichannel mix automatically downmixed to that format. While on the surface it might seem like a scary thing having that great multichannel mix fold down to stereo, SMART Content actually gives the producer a choice in the way this downmix will take place by allowing the producer to select one of 16 downmix coefficients that get stored along with the audio data. SMART Content has the added byproduct of potentially eliminating the need to include a separate stereo mix on the disc, thereby freeing up space for either higher quality audio or additional data information. While this looks good on paper, it's still too early to tell what this actually sounds like in practice.


2.5.9 What is downmixing?
Downmixing occurs when the surround mix is automatically folded down into fewer channels. For example, a 6 channel 5.1 mix automatically becomes a stereo mix if only two channels exists in the playback system. Usually the results of downmixing are less than satisfactory as the balance of the instruments changes significantly.


2.5.10 What is Watermarking?
Watermarking is an embedded signal that applies a digital signature in the form of noise (supposedly inaudible) on a DVD-A. This digital watermark actually puts a faint image (either text or graphics) on the signal side of the disc which makes it extremely hard for pirates to duplicate. The watermark also identifies the artist, record company, catalog number and copyright holder.


2.5.11 Does Watermarking effect the sound?
In some cases yes, in some cases no. Since it's a noise that's being added to the signal, it will be minutely audible under some circumstances. In order to minimize the affect on the audio, the WG-4 and the RIAA are taking great pains before selecting a watermarking method. This is one of the reasons why the DVD-A spec is still being worked on.


2.5.12 What is Encryption?
Encryption is an advanced form of digital copy protection.


2.5.13 What is Extensibility?
Extensibility is a feature of DVD-A that gives it the capability of using any new digital encoding technology that may become popular in the future.


2.5.14 What is Scalability?
A feature of DVD-A that allows the producer to select from various sample rates (44.1, 48, 88.2, 96, 176.4, and 192kHz) and word lengths (16, 20, 24). It is also possible for the producer to assign different sample rates and word lengths to different channel families, such as 96/24 to the front speakers and 48/16 to the surrounds.


2.5.15 What are the advantages and disadvantages of DVD-A for music? 
ADVANTAGES :
Extensibility - DVD-A is a somewhat open technology in that there are provisions for new innovations beyond LPCM that can be implemented in the future.

Scalability - The program producer chooses the number of channels, bit depth, sample rate, and encoding method.

Value Added Material - Liner notes, album cover artwork, music videos, artist commentary and Internet links can all be included.

Copy Protection - Strong encryption methods will definitely make it harder to pirate than any previous digital medium. Watermarking supplies easy copyright identification.


DISADVANTAGES:
Will the Consumer Accept Another Format? - While nobody argues that this is not a potentially powerful format, there are some that have strong doubts as to whether the consumer will buy in wholeheartedly.

Lack of Moving Pictures During the Song - Many in the production community believe this to be a liability, even though up to 20 still pictures per song may be used. However, if material such as liner notes, artist/producer and even engineer bios are used, this could actually be a nice adjunct. After all, one of the main complaints about CD's was the lack of information relative to what was previously found on LP's. File this under, Too Early To Tell.

Some DVD-A Discs Won't Play In Some Current DVD Players - Since DVD-A was specified well after DVD-V hit the marketplace, DVD-A discs will not play on the first generation of players already out there. Although this will be eventually rectified over time, it means that three types of DVD players will be in the marketplace in the short term; old style DVD-V only players that can't handle the audio portion of a DVD-A, a universal player that will play both, and a DVD-A only player that will not play the video portion of a DVD-V. Will this initial confusion be enough to stifle the format before it gets started?

Watermarking Adds Artifacts To The Audio Signal In Some Cases - While everyone agrees on the need for some type of copy protection and program identification, it is all for naught if the process interferes with the audio quality. There is no clear consensus currently as to the effect of watermarking, with some claiming that the process is clearly audible and others stating that it's virtually transparent. Even though this is an optional process, do you really think that any record company will not use it if it's available, regardless of the sonic inferences?

2.6 SACD
2.6.1 What's a SACD?
The Super Audio CD is a proposed format by Sony and Phillips containing both the Direct Stream Digital (DSD) process for very high quality multichannel audio and a Red Book CD layer which is compatible with any current CD player. This means that any current CD will play on a SACD player and any SACD will play on any current CD player.


2.6.2 What is DSD?
Direct Stream Digital. At a very high sampling rate, DSD measures whether an analog waveform is rising or falling. This yields a single bit; either a 1 for a rising wave or a 0 for one that's falling. This single bit is then recorded directly, which avoids many of the unwanted side effects occurring when using the standard PCM process.


2.6.3 Does DSD sound better than everything else?
It depends on who you talk to. Most people that have heard both DSD and 96/24 LPCM find them comparable. Many engineers have an issue with DSD regarding the theoretical limits of the system (said to be 120dB maximum dynamic range as compared to 144 for LPCM) and the fact that large amounts of noise are shifted to the frequency region above the audio bandwidth. Neither argument seem to have any bearing on the current listening tests however.

(Michael Bishop)  My own listening tests, and that of others at Telarc, has confirmed for me that DSD conversion offers a superior-quality process to even 192kHZ PCM conversion.  The end result of DSD conversion has all the benefits of analog recording with none of the drawbacks, i.e. wow, flutter, relatively high harmonic distortion.  PCM conversion at any sampling rate still exhibits added distortion factors due to aliasing filters and decimation digital filters in the recording process, as well as interpolation digital filters in playback. DSD eliminates entire classes of phase errors, requantization noise, passband ripple and ringing. The DSD process is far simpler than conventional PCM technology. 

2.6.4 Does an SACD have pictures?
Yes, there's provisions for text, graphics and video. However, this uses the current Blue Book standard for enhanced CD for implementation, as opposed to the UDF file standard used by DVD.


2.6.5 When will the SACD be released?
As of August 2001, there are about 200 SACD titles released worldwide, mostly through Sony Music, Telarc International, DMP and other labels.  The fourth quarter of 2001 will see the release of nearly 20 models of SACD players, many with SACD Surround capabilities and compatibility with DVD-Video.  Entire SACD/DVD-V player, speaker, and receiver packages will be available for under $600. 

2.6.6 What are the advantages and disadvantages of the SACD for music?
ADVANTAGES :

Sonic Performance - Wide bandwidth goes from DC to 100kHz with a 120dB dynamic range. No adverse filter artifacts thanks to elimination of the brick wall filter, which is required in LPCM.

Plays on Current CD Players - With both backwards and forwards compatibility, consumers won't feel forced to buy expensive new hardware or give up their current libraries. Plus, even the Red Book layer of the SACD should sound better as well thanks to the fact that Sony's Super Bit Mapping technology is used.


DISADVANTAGES :

Yet Another Format - As with DVD-A, will the average consumer be willing to buy another piece of expensive hardware? Will consumers be confused with yet another format choice?

Is The Sonic Performance Really Better - While DSD seems every bit the equal to the current state of LPCM, advances in converter technology could eventually move LPCM beyond the seemingly closed format of SACD.

        DSD sampling will employ 128x sampling, i.e. 5.6mHz, for

        professional applications.  The SACD will stay at 2.8mHZ sampling

        as compared to a maximum of 192kHz sampling allowed for DVD-A.

Late to Market - SACD might not hit the market until late 1999. Will this be too late, especially if one of the other formats gains a foothold?

        

In reality, SACD and DVD-Audio hit the  market about the same time.  Many delays postponed the release of DVD-A.  SACD has been very well received by reviewers.  DVD-A has gotten a luke-warm reception.  Part of the problem has been the mediocre audio quality of the initial DVD-A players as compared to the high-end audiophile quality of the first SACD players.  Disc playback quality can be no better than that of the D-A converters used in the players! 

New Production Equipment Needed - Because of the DSD technology, current digital equipment utilizing LPCM is useless and new production equipment, from recorders to editors to digital consoles, is required. Given the fact that LPCM equipment abounds world-wide, will the production community balk at the format?

Initially More Expensive - Not only will the production equipment be more expensive (some estimates are as much as 10 times LPCM), but the disc itself will be more expensive to consumers at least at first. This is because SACD is a dual layer disc which have a higher pressing cost because not all replicators are currently set up for it. This cost should decrease over time however.

SACD is currently being sold at a retail price of $19 - $30 each, about what a DVD-Audio release sells for.  Considering the extra content and higher quality, it stands to reason the disk will be more expensive than a standard CD.  As always, the price will come down dramatically as higher quantities are produced and sold.  Prices have already been reduced as of Summer, 2001.
 
2.7 DTS Music Disc
2.7.1 What's the difference between a DTS music disc and a DVD?
The DTS music disc is actually a CD-ROM containing the 5.1 DTS encoded data recorded at 44.1kHz and at 20 bits. The DTS music disc has no provisions for other information such as videos or text. DVD-V or A is obviously a different animal with larger storage capacities and provisions for value added material as a result.


2.7.2 Does a DTS music disc have text, graphics and video too?
No. Since the DTS music disc is essentially a current CD-ROM, there's not enough capacity for any additional info.


2.7.3 Can DTS be encoded on a DVD?
Yes and in many different forms. DTS can be encoded on the audio portion of a DVD-V or a DVD-A at either 48 or 96kHz sample rate and at either 16, 20 or 24 bits.


2.7.4 What are the advantages and disadvantages of the DTS music disc?
ADVANTAGES:
Sonic Superiority - Thanks to it's low compression ratio and high bit rate, the DTS encoding system is generally acknowledged to be the best sounding of the current lossy compression systems.

Available Now - A wide library (75 discs in all musical genres already and another 30 about to be released) of DTS music discs can be found right now at just about anywhere that DTS equipped receivers or decoders are sold.


DISADVANTAGES:
Requires a Decoder to Operate - Without a DTS decoder, the only output you get from the player is white noise. However many receivers, even the most inexpensive, now come with a DTS decoder built in.

Distribution Limited Due To Non-Compatible Discs - Because of possible consumer confusion with Red Book CD's (the customer puts it in his CD player only to get a white noise output), many of the biggest music retailers have refused to carry the DTS music disc to this point.

No Value Added Information - Because the DTS music disc uses the limited storage capacity of a CD, there's no room (or provision) for additional text, graphic or video material.

 

2.8 DATA COMPRESSION
2.8.1 Why do I need data compression in the first place?
Two reasons. The first is to squeeze more data on to a finite storage space. The second reason is because the bit rate of DVD (the pipe that the data has to flow through) is capped at 6.144Mbps for DVD-V and 9.6Mbps for DVD-A and six channels of 96/24 LPCM is too large to fit through the data pipe.


2.8.2 What's the difference between Dolby Digital (AC-3) and DTS encoding?
Both methods are what's known as lossy data compression schemes where some information that is masked by more prominent data is thrown away. This is done in order to fit a lot of data through a small data pipe. Dolby Digital (formerly called AC-3) takes 6 channels of 48kHz/24 bit information and compresses it at about an 11 to 1 ratio to an a maximum bit rate of 640kbps, although 384 is the average data rate used. DTS compresses at about a 3 to 1 ratio at an average data rate of 1.4Mbps.


2.8.3 What's the difference between lossy and lossless compression?
Lossy compression (such as Dolby Digital or DTS) is built around perceptional algorithms that remove signal data that is being masked or covered up by other signal data that is louder. Because this data is thrown away and never retrieved, it's what's known as "lossy". Depending upon the source material, lossy compression can either be completely inaudible, or somewhat noticeable. It should be noted that even when it is audible, lossy compression still does a remarkable job of recovering the audio signal and still sounds quite good.

Lossless compression (such as MLP) never discards any data and recovers it completely during decoding and playback.


2.8.4 What's MLP?
Meridian Lossless Packing is the compression standard used on the DVD-A in order to store six channels of 96/24 audio. MLP's main feature is that it never discards any signal information during data compression (which is why it's "lossless") and therefore doesn't affect the audio quality. MLP gives a compression ratio of about 1.85 to 1 (about 45%) and it's licensing is administrated by Dolby Laboratories.

 
2.9 DVD PRODUCTION
2.9.1 How do I get my music onto a DVD (of any type)?
After your music is mixed it must be first encoded (along with any video material as well) with the desired data compression if any is required. This is actually a much longer and more labor intensive operation for video than for audio. The encoded material is then brought into a workstation where it is authored, which means the text, graphics and video are added to the music, and the interactivity and navigation elements are created. The result is then either burned into a DVD-R or offloaded to a DLT (Digital Linear Tape) and sent to the replicator.


2.9.2 How much does authoring cost?
Of course prices vary and packages abound, but a good reference price is $20 per program minute for audio and $120 or so per program minute for video. Authoring costs are generally determined per job since each is somewhat unique. As an example, it may cost only $2-3000 for something very simple requiring only importing of elements and simple navigation, but any degree of sophistication that really takes advantage of the format (like motion graphic menus, web links, multiple camera angles, etc.) can expand the cost to $15 to 25k.


2.9.3 Can I record music or video straight to a DVD?
As of now and in the immediate future, no. Encoding of the data and creating the navigation environment via authoring is required before a DVD can be viewed or listened to.


2.9.4 How much digital storage space will I need if I record surround?
It varies from quite a bit more to a gigantic amount more, depending on the sample rate and word length used. For example (figures are with LPCM coding):
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	44.1/16 = 10MB per stereo minute (actually 10.584MB) 
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	44.1/16 = 30MB per 5.1 surround minute (actually 31.752MB) 
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	48/16 = 34.56MB per 5.1 surround minute 
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	48/24 = 51.84MB per 5.1 surround minute 
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	96/24 = 103.68MB per 5.1 surround minute


2.9.5 How much digital storage space will I need if I record 96/24?
A minute of true LPCM 96/24 stereo needs 35 Meg, and a minute of discrete 5.1 surround at 96/24 requires a whopping 104MB! This means that a 60 minute program will need 6.24 GB. This is another reason why data compression is necessary, since a DVD only has 4.32GB of effective storage capacity.

